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CHAPTER 7
 

INDUSTRIAL TOXICOLOGY 

Mary 0. Anidur, lPh.1). 

INTRODUCTION 
Toxicology is the study of the nature aud 

action of poisons. The tern is derived from a 
Greek word referring to the poison in which ar-
rows were dipped. Mythology, legend and history 
indicate the growth of toxicoiogical knowledge. 
The early emphasis was on ways to poison peopl.e
The 19th centurv saw the development of tt for 

idcntification of various poison%. such as the Marsh 
test for arsenic. These found use in legal medicine 
and criminology, the area known as forensic toxi-
cology. Since about 1900, thrct has been increas-
ing social concern for the healt.' of workers ex-
posed to a diversity of chcmicals. This has led to 
intensive investigations of the tox;city of these 
materials in order that proper precautions ma) be 
taken in their use. 1his is the area of industrial 
toxicology which concerns us here. 

Some industrial hazards have been known for 
centuries. For example. clinical symptoms of lead 
poisoning were accurately described in the Ist 

F- -L •A ,l . .. h 
and a sentence to work there was considered 

equivalent to a sentence of death. French hatters 
of the I7th century discovered that mercuric ni-
trate aided greatly in the felting of fur. Such use
led to chronic mercury poisoning so widespread 

among members of that trade that the expression 
"mad as a hailer" entered ouir folk language. j.--

postre to other hazardou, s.htances o; an (ut-
growth of modern technoloty. In addition to newly 
developed chenicals, many materials first synthe-
sized in the late 19th century have found wide-
spread industrial use. The hydrides of boron, for 
example. have been known since 1879. but the first 
report on their toxicity appeared in 1951 as a 
series of case histories of people. mostly young 
chemical engineers, who had been exposed to 
boron hydrides in the course of their work. 

Toxicological research now has its place in 
assessing the safety of new chemicals prior to the 
extension of their use beyond exploratory stages. 
Information on the qualitative and (ltiantitative 
actions of a chemical in the body can be used to 
predict tentative safe levels of exposure as well as 
to predict the signs and symptoms to be watched 
for as indicative of excessive exposure. An cluci-
dation of the mechanism of action of the chemical 
can hopefully lead to rational rather than sympto-
matic thcrapy in the event of damage from execs-
sive exposure. Both in tlhe application of ne%%er 
refined research techniques of toxikology and in 
his communication of knowledge vital to the public 
health, the toxicologist considers old as well as new 

hazardous substances. This point was well made 
by Henry Smythl who said "Most people are care
ful in handling a new chemical whether or not 
they have been warned specifically of its possible 
toxicity. Despite the potential hazards of hun
dreds of new chemicals each year. most injuries 
from chemicals are due to those which have hcn 
familiar for a generation or more. It is importani 

for the perspective of the toxicologist that he keep 
this fact well to the forefront of his mind. He must 
not neglect talking about the hazards of the old 
standbys. lead. benzene and chlorinated hydro
carbons just because this wreek he discovered the 
horrifying action of something brand new. Part of 
his responsibility is a continuing program of corn
munication ained at informing everyone of the 
means required to handle safely any chemical 
whatsoever." 

DISCIPLINFS INVOLVED IN
 
INDUSTRIAIL TOXICOI,]GY
 

In order In tho' nnintiil hIM7irvt i, . 
substance to the health of %vworkers industrial toxi
cology draws perforce on the expertise of many 

disciplines. 
C/emistry: The chemical properties of a con
pound can often be one of the main factors in it,
toxicity. The vapor pressure indicates whether or 

not a given substance has the potential to pose a 
hazard Iron inhalation. The solubility of a sub
stance in aqueous and lipid media is a guiding 
factor 'A determining tie rate of uptake and cx
Lt-'in of inhaled substances, The toxicologist 
needs to determine the concentration of toxic 
agents in air and in body organs and fluids. It is 
important to know if a substance is. for example. 
taken up by the liver, stored in the hones, or rap
idly excreted. For this. analytical methods are 
needed which are both sensitive and specific. 
Biorhemistry: The toxicoloL'ist needs knowledge 
of the pathways of metabolism of foreign corn
pounds in the body. Such information can serve 
as the basis for monitoring the exposure of work
men. as for example the assessment of ben/ene 
exposure by the analysis of phenol in the urine. 
l)ifferences in metabolic pathways among aninal 
species form one basis for selective toxicity. Such 
knowledge is useful, for example, in developing 
compounds that will be maximally toxic to insects 
and minimally so to other species. Such knowl
edge can also serve as a guide in the choice of a 
species of experimental animal with a metabolic 
pathway similar to that of man for studies which 
will be extrapolated to predict safe levels for 
human exposure. Rational therapy for injury front 
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toxic chemicals has as its basis an understanding 

of the biochemical lesion they produce. One out-

standing example is the development of B.A.L. 

(British Anti-Lewisite, 1,2-dimercaptopropanol) 

which arose from studies of the inhibition of sulf-

hydryl enzymes and the manner of binding of 

arsenic to these enzymes. This led to the use of 

B.A.L. in therapy for industrial poisons (such as . 

mercury) which interfere with sulfhydryl enzymes. 
Studies of the nature of the reaction of organic 
phosphorus esters with the enzyme acetylcholine 
esterase led to the development of 2-PAM (2-
pyridine aldoxime methiodide) which reverses the 
inhibition of the enzyme. In conjunction with 
atropine, 2-PAM provides rational therapy for 
treatment of poisoning by these compounds. In 
the important area of joint toxic action, under-
standing comes from elucidation of biochemical 
action. If, for example, Compound A induces 
enzymes which serve to detoxify Compound B, 
the response to the combination may be less than 
additive. On the other hand, if Compound A 
should act to inhibit the enzyme that serves to 
detoxify Compound B then the response may be 
more than additive. 
Physiology: The toxicologist obviously needs to 
know something of the normal functioning of 
organ systems. Modern toxicology is moving 
more and more towards the search for means to 
detect reversible physiological changes produced 
by concentrations of toxic substances too low to 
produce irreversible histological damage or death 
in experimental animals. Measurement of in-
creases in pulmonary flow-resis.ance has proved 
a sensitive tool for assessing the response to irri-
tant gases and aerosols. Tests of pulmonary fune-
tion can be used to assess response of workmen to 
industrial environments. Renal clearance and 
other kidney function tests can serve to detect 
renal damage. The effects of exercise or non-
specific stress on the degree of response to toxic 
chemicals is another important research area in 
modern toxicology, 
Pathology: The toxicologist is concerned with 
gross and histological damage caused by toxic
substances. Most toxicological studies include a 
thorough pathological examination which may in-
clude examination of subcellular structure by 
electron microscopy. 
hnniunolo.v anl Immunochenistry: It is recog-
nized that immunology and imnmnochemisruy con-
stitute an important area for investigation in in-
dustrial toxicology. The response to many chem-
icals, especially inhaled products of biologic origin, 
has as its basis the immune reaction. 
Phvsicx and Eng, ineering: The toxicologist who i 
concerned with inhalation as the route of exposure 
needi sonic knowledge of physics and engineering 
in order to establish controlled concentrations of 
the substances he studies. If the toxic materials 
are to be administered as airborne particles, knowl-
edge is needed of methods of generation of aero-
sols and methods of sampling and sizing appro-
priate to the material studied. Without careful 
attention to these factors, toxicological studies are 
of limited value. An understanding of the factors 
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governing 'penetration, deposition, retention and 
clearance of particulate material from the respira
tory tract requires knowledge of both the physical 
laws governing aerosol behavior and the anatomy 
and physiology of the respiratory tract. The grow
ing interest in prolonged exposure to closed at
mospheres encountered in manned space travel or 
deep sea exploration has led to experimental 
studies involving round-the-clock exposures of 
experimental animals for long periods. Such stud
ies raise additional engineering problkms above 
and beyond those of maintaining the more con
ventional exposure chambers. 
Statistics: Statistics are used in the analysis of 
data and in the establishing of an experimental 
design that will yield the maximum of desired 
information with the minimum of wasted effort. 
The toxicologist relics heavily on statistics, as the 
calculation of the LD,,, (Lethal Dose - 50% 
probable) is a statistical calculation. Expeti
mental studies of joint toxicity are planned in 
accord with established statistical designs. 
Communication: The ultimate aim of the toxi
cologist is (or should be) the prevention of dam
age to man and the environment by toxic agents. 
One important function is the distribution of in
formation in such terms that tile people in need 
of the information will understand it. The 
toxicologist's responsibility does not end with the 
publication of his research results in a scientific 
journal for the erudition of his peers. Iie is called 
upon to make value judgments in extrapolation of 
his findings in order to advise governmental agen
...ad 1.h,.3 -I A Ai. 

safe levels, be they air pollution standards or 
Threshold Limit Values for industrial exposure or 
tolerance levels of pesticide residues in food. In 
addition to this, when he fiakes such value judg
ments, he should above all be honest with himself 
and with those he advises, that they are value 
judgments and as such should be subject to fre
quent review as new knowledge and experience 
accumulate. 

DOSE-RESPONSE RELATIONSHIPS 
Experimental toxicology is in essence biolog

ical assay with the concept of a dose-rcespons
 

rlationship as its unifying theme. The potential 
toxicity (harmful action) inherent in a substance 
is manifest only when that substance comes in 
contact with a living bioltoical system. A chen
ical normally thought of as "harmless" will evoke 
a toxic response if added to a biological system in 
sufficient amount. For example, the inadvertent 
inclusion of large amounts of sodium chloride in 
feeding formulae in a hospital nursery !ed to infant 
ntality.o Conversely, a chemical normally~ for 
thought of as "toxic" there is a minimal concen-
Iralion which will produce no toxic effect if added 
to a biological system. The toxic potency of a 
chemical is thus ultimately defined by the relation
ship between the (lose (the amount) of tilechem
ical and the response that is produced in a bio
logical system. 

In preliminary toxicity testing, death of the 
animals is the response most commonly chosen. 
Given a compound with no known toxicity data. 



the initial step is one of range finding. A dose is 
administered and, depending on the outcome, is 
ince,'ased or decreased until a critical range is 
found over which, at the upper end, all animals 
die and, at the lower end, all animals survive, 
Between these extremes is the range in which the 
toxicologist accumulates data which enable him to 
prepare a dose-response curve relating percent
mortality to dose administered. 

From the dose-response curve, the dose that 
will produce death in 5t0 percent of the animals 
may be calculated. This value is commonly ab
breviated as LD,.,,. It is a statistically obtained 
value representing the best estimation that can be 
made from the experimental data at hand. The 
LI):.,, valte should always be accompanied by a 
statement of the error of' the estiniated value, such 
as the probability ran!,: or confidence limits. The 
dose is expressed as amount per unit of body 
weight. The value should be accompanied by an 
indication of the species of experimental animal 
used, the route of administration of the compound, 
the vehicle used to dissolve or suspend the ma-
terial if applicable, and the time period over 
which the animals were observed. For example. 
a publication might state "For rats, the 24 hr. ip
LD:,, for -X" in corn oil was 66 mg kg (95% 
confidence limits 59-74 .- This would indicate to 
the reader that the material was given to rats as 
an intraperitoneal injection of compound X dis-
solved or suspended in corn oil and that the in-
vestigator had limited his mortality count to 24 
hours after administering the compound. If the 
expIclillIelt ,. uiia1u ,4u,i,Au , ,,3 ,,, ou&c 
of exposure. the dose to the animals is expressed 
as parts per million, mg m'. or some other ap-
propriate expression of concentration of the ma-
terial in the air of the exposure chamber, and the 
length of exposure time is specified. In this case 
the term I.C.., is used to designate the concentra-
tion in air that may be expected to kill 50 percent 
of the animals exposed for the specilied length of 
time. Various procedures have been recommended 
for the estimation of the ILD,.,, or LC.,,. For in
formation on the more commonly used techniques. 
papers such as those of Bliss.: ' Miller and Tainter." 
Litchfield and Wilcoxon' or Weil' may be con-
suited. 

The simple determination of the I.D.. for an 
unknown compound provides an initial compara-
tive index for the Iccation of the compound in 
the overall spectrum of toxic potency. Table 7-1 
shows an attempt at utilizing LD:,, and LC..,, val-
ues to set up an approximate classification of 
toxic substances which was suggested by Hodgc 
and Sterner." 

O%.s and above the specific I.D.. valuie. the 
slope of the dose-response curve provides useful 
information. It suecests an index of the margin 
of safety, that is the magnitude of the range of 
doses involved in going from a non-effective dose 
to a lethal dose. It is obvious that if the dose-
response curve is very steep. this nartin of safety 
is slight. Another situation may arise in which 
one compound would be rated as "more toxic" 
than a second compound if the LD..., values alone 
were compared but the reverse assessment of rel-

ative toxicity would be reached if the comparison 
was made of the LID values for the two com
pounds because the dose-response curve for the 
second compound had a more gradual slope. It 
should thus be apparent that the slope of the dose
response curves may be of considerable signifi
cance with respect to establishing relative tox. 
icities of compounds. For an excellent non-math
ematical discussion of the underlying concepts of 
dose-response relationships. Chapter 2 of Loomis-,
is well worth reading. 

TTABLE 7-s 
loxlclty Classes 

To\icily t)e.ocriptive 
l.D,,-Wtkg

Single oral doe 
4 hr Inhalation 

L.C. - PPI 
. ern Rats Rt 

I Extremely 
toxic I mg or less <10 

2 Highly toxic 1-5o mg I0.11t) 
3 

4 

Moderately
toxic 

Slightly toxic 
nontoxic 

.50-500Mg
0.5-5 g
5-15 g 

100-1,000 
1,000-10,000
10.000100,000 

6 Relatively 
harmless 15gormore >100.000 

By similar experiments dose-response curves 
may be obtained using a criterion other than mor
tality as the response and an Elt,, value is ob
tained. This is the dose which produced the 
chosen response in 50 percent of the treated ani
mals. When the study of a toxic substance pro
grc.ssc.; *c the p'ai: :c:: hich it, ac',n , h, 
organism may be studied as graded response in 
groups of animals, dose-response curves of a 
slightly different sort are generally used, One 
might see for example, a dose-response curve 
relating the degree of depression of brain choline 
esterase to the dose of an organic phosphorus 
ester or a dose-response curve relating the in
crease in pulmonary flow-resistance to the con
centration of sulfur dioxide inhaled. 

ROUTES OF EXPOSURE 
Toxic chemicals can enter the body by vari

ous routes. The most important route of exposure 
in industry is inhalation. Next in importance is 
contact with skin and eyes. The response to a 
given dose of toxic agent may vary markedly de
pending on the route of entry. A cardinal princi
pie to remember is that the intensity of toxic ac
tion is a funclion of the cotcentrationo the toxic 
agent which reaches the site of action. The route 
of exposure can obviously have an influence upon 
the concentration reaching the site of action. 
Paremeral: Aside from the obvious use in adnmin
istration of drugk.injection isconsidered mainly as 
a rouie of exposure of experimental animals. In 
the case of injection, tho dose administcrcd is 
known with accuracy. Intravenous (iv) injection 
introduces the material directly into the circula
tion. hence comparison of the degree of response 
to iv injection with the response to the dose ad
ministered by another route can provide informna
tion on the rate of uptake of the material by the 
alternate route. When a material is administered 
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by injection, the highest concentration of the toxic 
material in the body occurs at the time of en-
trance. The organism receives the initial impact 
at the maximal concentration without opportunity 
for a gradual reaction, whereas if the concentra-
tion is built up more gradually by some other 
route of exposure, the organism may have time 
to develop some resistance or physiological ad-
justment which could produce a modified rc-
sponse. In experimental studies intraperitoneal 
(ip) injection of the material into the abdominal 
fluid is a frequently used technique. The major 
venous blood circulation from the abdominal con-
tents proceeds via the portal circulation to the 
liver. A material administered by ip injection is 
subject to the special metabolic transformation 
mechanisms of the liver, as well as the possi-
bility of excretion via the bile before it reaches 
the general circulation. If the LD,,, of a corn-
pound given by ip injection was much higher (i.e., 
the toxicity is lower) than the LD.,, by iv injec-
lion, this fact would suggest t.at the material was 
being detoxified by the liver or ihat the bile was a 
major route of excretion of the material. If the 
values for LD,,, were very similar for ip and iv 
injection, it would suggest that neither of these 
factors played a major role in the handling of 
that particular compound by that particular spe-
cies of animal. 
Oral: Ingestion occurs as a route of exposure of 
workmen through eating or smoking with con-
laminated hands or in contaminated work areas. 
Ingestion of inhaled material also occurs. One 
mechanism for the clearance of particles from the 
respiratory tract is the cal yitmg up of the particies 
by the action of the ciliated lining of the respira-
tory tract. These particles are then swallowed 
and absorption of the material may occur from 
the gastro-intestinal tract. This situation is most 
likely to occur with larger size particles (21, and 
up )although smaller particles deposited in the 
alveoli may be carried by phagocytes to the up-
ward moving mucous carpet and eventually be 
swallowed, 

In experimental work, compounds may be ad-
ministered orally as either a single or multiple
dose given by stomach tube or the material may 
be incorporated in the diet or drinking water for 
periods varying from several weeks or months up 
to several years or the lifetime of the animals. In 
either case. the dose the aninial, actually receive 
may be ascertained %%ith considerable accuracy. 
Except in the case of a substance which has a 
corrosive action or in some way damages the lin-
ing of the gastro-intestinal tract, the response to 
a substance administered orally will depend upon 
how readily it is absorbed ron the gut. Uranium. 
for c\anlfe. is capable ofl pr,,dmcine kidney dm-
age. but ispoorly albsorhL'd I 'I th, gut and so 
oral administrartion produceCs only low concentra-
tions at fhe site of action. On the other hand. 
ethyl alcohol, which has as a target organ the 
central nervous system, is very rapidly absorbed 
and within an hour 90 percent of an ingested dose 
has been absorbed. 

The epithelium of the gastro-intestinal tract 
is poorly permeable to the ionized form of or-
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ganic compounds. Absorption of such materials 
' 
generally cecurs by diffusion of the lipid-soluble 

non-ionized form. Weak acids which are pre
dominately nonionized in the high acidity (pH 
1.4) of gastric juice are absorbed from the stom
ach. The surface of the intestinal mucosa has a 
pH of 5.3. At this higher p1H weak bases are less 
ionized and more readily absorbed. The pK of a 
compound (see Chapter 5) thus becomes an im
portant factor in predicting absorption from the 
gastro-intestinal tract. 
Inhalation: Inhalation exposures are of prime im
portance to the industrial toxicologist. The dose 
actually received and retained by the animals is 
not known with the same accuracy as when a corn
pound is given by the routes previously discussed. 
This depends upon the ventilation rate of the indi
vidual. In the case of a gas, it is influenced by 
solubility and in the case of an aerosol by par
ticle size. The factors that influence the dose of 
a substance retained in an inhalation exposure 
will be discussed later. For the moment, suffice 
it to say that the concentration and time of ex
posure can be measured accurately and this gives 
a working estimate of the exposure. Two tech
niques are sometimes utilized in an attempt to 
determine the dose with precision and still admin
ister the compound via the lung. One is intra
tracheal injection which may be used in some ex
periments in which it is desirable to deliver a 
known amount of particulate material into the 
lung. The other is so called "precision gassing." 
In this technique the animal or experimental sub
ject breathes through a valve system and the vol-
UicL f Uxlhtl d ,1 ,,Jd ilL .ui ,t;.,, ,ftoxicI i, a 

material in it are determined. A comparison of 
these data with the concentration in the atmos
phere of the exposure chamber gives an indi~a
tion of the dose retained. 
Cutaneous: Cutaneous exposure ranks lirst in the 
production of occupatio.ral disease, but not neces
sarily first in severity. The skin and its associated 
film of lipids and sweat may act as an effective 
barrier. The chemical may react with the skin 
surface and cause primary irritation. The agent 
may penetrate the skin and cause sensitization to 
repeated exposure. The material may penetrate 
the skin in an amount sullicient to cause systemic 
poisoning. In assessing the toxicity of a compound 
by skin application, a known amount of the ma
terial to le studied is placed on the clipped skin 
of the animal and held in place with a rubber cuff. 
Sonic materials such as acids, alkalis and many 
organic solvents are primary skin irritants and pro

'duce skin damage on initial contact. Other ma
terials arc sensitizing avents. The initial contact 
produces no irritant relponse. but may render the 
individual sensitive id doriiatilis reults from 
future contact. Ethylc c:,'incsand the calechols 
in the well known mncn l-.ls of the Rhus family 
(poison ivy and poison oak ) are examples of such 
agents. Chapter 34 is devoted to the damaging 
effects of industrial chemicals on the skin. The 
physiochemical properties of a material are the 
main determinant of whether or not a material 
will be absorbed through the skin. Among the 
important factors are p1H. extent of ionization, 



water and lipid solubility and molccular size. Some 
compounds such us phenol and phenolic dcriva-
tives can readily penetrate the skin in amounts 
sufficicnt to produce systemic intoxication. If the 
skin is damaged, the normal protective barrier to 
absorption of chemicals is lessened and penetra-
tion may occur. An example of this is a descrip-
tion of cases of mild lead intoxication that oc-
curred in an operation which involved an inor-
ganic lead salt and also a cutting oil. Inorganic 
lead salts would not be absorl ed through intact 
skin, but the dermatitis produced by the cutting 
oil permitted increased absorption. 
Ocular: The assessment of possible damage result-
ing from the exposure (if the eyes to toxic chemi-
cals should Ason be cornsidered. The clects of acci-
dental contamination of the eve can fioniv,,+iv 

minor irritation to complete loss of vision. In ad-
dition to the accidental splashing of substances 
into the eyes. some mists, vapors and gases pro-
duce varying degrees of eye irritation, either acute 
or chronic. In some instances a chemical which 
does no danmage to the eye can be absorbed in 
sufficient amount to cause systemic poisoning. The 
extreme toxicity of fluoroacetate was discovered 
accidentally in this manner by a group of Polish 
chemists who tested it for lachrvmatorv action in 
a rabbit. They had hoped that lioroacetate would 
be as irritating to the eyes as iodoacetic acid. The 
latter had proved unsuitable for warfare purposes 
because of the purple cloud of iodine vapor that 
betrayed its pre,ence %%hen it was eploded in a 
bomb. Their rabbit showcd no signs of eve irrita-
tion. but alerted their interest when ithad con-
vulsions and died. An excellent reference on ocu-
lar effects of toxic chemicals is "Toxicology of the 
Eye" by Grant.' 

CRITERIA OF RESPONSE 
After the toxic material has been administered 

by one of the routes of exposure discussed above, 
there are various criteria the toxicologist uses to 
evaluate the response. in modern toxicological 
research, these criteria are oriented whenever pos-
sible towards elucidating the mechanisms of ac-
tion of the material, 
Mortality: As has been indicated, the LD:,. of a 
sub.-tance serves as an initial test to place the 
compound ppropriately in the spectrum of toxic 
agents. Mortality is also a criterion of response in 
long term chronic studies. In such studies, the 
investigator must be certain that the mortality ob-
served was due to the chronic low level of the mia-
terial he is studying; hence an adequate control 
group of untreated animals subject to otherwise 
identical conditions is maintained for the duration 
of the experiment. 
Pathology: By examination of both gross and 
microscopic pathology of the organs of animals 
exposed. it is possible to get an idea of the site 
of action of the toxic agent. the mode of action 
and the cause of death. Ptthological changes are 
usually observed at dose levels which are below 
those needed to produce the death of animals. The 
liver and the kidney arc organs particularly sensi-
tive to the action of a variety of toxic agents. 
In some instances the pathological lesion is typical 

of the specific toxic agents, for example, the sili
cotic nodules in the lungs produced by inhalation 
of free silica or the pattern of liver damage re
suiting from exposure to carbon tctrachloride and 
sonic other hepatotoxins. In other cases the dam
age may be more diffuse and less specific in nature. 
Growth: In chronic studies the effect of the toxic 
agent on the growth rate of the animals is another 
criterion of response. L.evels of the compound 
which do not produce death or overt patholo.,.y 
may result in a diminished ratte of growth. A 
record is also made of the food intake. This will 
indicate whether diminished growth results from 
lessened food intake or from less efficient use of 
food ingested. It sometimes happcn, that when 
an aecnt is adminitercd b, incorporaition into the 
diet, especially at high levels, the food is upalait
able to the animals and they siiply rel'ue to cat it. 
Org'an Weight: The \wcight of various organs. or 
more specifically the ratio of organ weight to 
body weight may be used as a criterion of re
sponse. In some instances such alterations are 
specific and explicable, as for example the increase 
of lung weight to body weight ratio as a measure 
of the edema produced by irritants such is ozone 
or oxides of nitrogen. In other instances the in
crease is a less specific general hypcrtrop' v of the 
organ, especially of the liver and kidney. In a, 
summary of data from two major industrial tox
icology laboratories where a wide variety of corn
pounds had been screened for toxicitv it was 
pointed out that in using body growth, liver "eight 
and kidney weight as criteria o.rcpon.e. a chane 
iii uiie ui i,,i of ,. ,,,i ,;ercd .tithc l.. 
dose at which any effect was, seen in S0 percent 
of 364 studies. If liver and kidney pathology were 
included in the list, then a change in one or more 
criteria was observed at the lowest dose at which 
any effect was seen in 96 percent of these studies. 
The other 4 percent included materials with very 
specific action such as the organophosphorus in
secticides which will produce alterations in acetyl
choline esterase at very low levels. Such non
specific increases in organ %%eight are difficult to 
interpret and may not of necessity represent a 
harmful change, but they lower the threshold at 
which a dose may be termed "no efTect." 
Physiological Function Testi: Physiological fune
tion tests are useful criteria of response both in 
experimental studies and in assessing the response 
of exposed workmen. They can be especially use
ful in'chronic studies in that they do not necessi
tate the killing of the animal and can. if desired. 
he done at regular intervals throughoul the period 
of study. Tests in commlon clinical use such as 
brom,,tlphalcin retention, thymol turbidity, or 
serum alkaline phospihtae may he used to ,,,ess 
the effcot of an agent on liver function. lhe e 
amination of the renal clearance of various ,,ub
,tances helps give an indication of locali/alion of 
kidney damage. The ability of the kidney (epeci. 
ally in the rat) to produce a concentrated urine 
may be measured bv the osmolality of the urine 
produced. This has been suggested for the evalua
tion of alterations in kidney function."' Alterations 
may be detected following inhalation of materials 
such as chlorotrilluoroethylcne at levels of reversi
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ble response. In some instances measurement of 
blood pressure has proved a sensitive means of 
evaluating response." Various tests of pulmonary 
futiction have been used to evaluate the response 
of both experimental animals and exposed work-
men. These tests include relatively simple tests 
which are suitable for use in field surveys as well 
as more complex methods possible only under 
laboratory conditions. Simple tests include such 
measurements as peak expiratory flowrate 
(PEFR), forced vital capacity (FVC), and 1-
second forced expiratory volume (FEV,,,). More 
complex procedures includc the measurement of 
pulmonary mechanics (flow-resistance and com-
pliance) and their application in epidemiologic 
surveys. Information on the effects of various 
agents on the lungs is discussed in Chapter 33. 
Biochemical ji,,dies: The study of biochemical 
response to toxic agents leads in many, instances 
to an understanding of the mechanism of action. 
Tests of toxicity developed in animals should be 
oriented to determination of early response from 
exposures that are applicable to the industrial 
scene. Many toxic agents act by inhibiting the 
action of specific enzymes. This action may be 
studied in vitro and in vivo. In the first case. the 
toxic agent is added !o tissue slices or tissue homo-
genate from normal animals and the degree of in-
hibition of enzyma-(ic activity is measured by an 
appropriate technique. In the second case, the 
toxic agent is administered to the animals; after 
the desired interval the animals are killed and the 
degree of enzyme inhibition is measured in the 
appropriate tissues. A judiciousvit-'y i ,, combination. ~ t ofin :nd 1,itr,i eh-N ; -;u .. . %. t.1,

in.. :........ .
i-- I.,-,.I . ly 
when biotransformation to a toxic compound is 
involved. [lie classic example of this is tie work 
of Peters I' on the toxicity of Iluoroacetate. This 
material, which was extremely toxic when admin-
istered to animals of various species, did not in-
hibit any known enzymes in vitro. Peters' work 
demonstrated that fluoroacctate entered the car-
boxylic acid cycle of metabolism as if it were 
acetic acid. The product formed was fluorocitrate 
which was I potent inhibitor of the enzyme aconi-
tase. Biological conversion in the living animal 
had resulted in the formation of a highly toxic 
compound. lie coined the termi "lethal synthesis" 
to describe such a transformation. An elegant 
paper by C'remer' on the ethyl lead compounds 
is; worth dicussing as an example of reearch tech-
niques in lhis area. She inicwed rats wilh telra-. 
tri-. and di-ch\,l lead and v.ith lc:d acetate. S)nip-
tons of excilability, tremors and convulsions were 
observed in the animia,, injected with the tetra-
ethyl and triethyl lead but no t in the animals in-
jCeed with diethy'l lead or the inorganic lead. Ie 
triethi l was 1 it thiM I t :,'d mle i\' I10C n '1V 
lead. \\Iich Ih;? the to\li' Ic1;.1se ihiip ', 

ponl'e rc"tdles i'ltItIi hi0Iohi:,dlv hirmed t1Il' I 
lead. By aflill)lic ind11lcls, slit. was able to dein-
ont ratc the presence oif trielhvl leml in the li,.,,ies 
of alni:iials poisoned with tetr:iIhvI lead. She 
found ill vitro that live, -ireplratIions weie capible 
of converting tetraethyl lead to triethyl lead. She 
measured the metabolism of brain slices from :ini-
mals treated in vivo and found that the oxygen 

consumption was lowered in animals receiving
tetraethyl or triethyl lead but not in animals treated 
with diethyl lead or lead acetate. Turning again 
to in vitro experiments, she measured the oxygen
consumption of brain cortex slices from normal 
animals to which the ethyl lead compounds were 
added. These experiments showed that tetraethyl 
le,,d is without effect and that triethyl lead is the 
active component. 

Tile fundamentals of the metabolism of toxic 
compounds are discussed in Chapter. 5. The clas
sic reference in the field is Detoxifitation Mecha
nis.i. by WilliaIs."I The term "biotransformation" 
is in many ways preferable to "detoxication" for 
in many instances the toxic moiety may be the 
metabolic product rather than the compound ad
ministered. There are some instances, of course, 
such as the conversion of cyanide to thiocyanate. 
which are truly "detoxication" in the strict sense. 

Tests for the level of metabolites of toxic 
agents in the urine have found wide use in indus
trial toxicology as a means of evaluating exposure 
of workmen. These are commonly referred to as 
biologic threshold limits which serve as biologic 
counterparts to the TLV's. The presence of the 
metabolic product does not of necessity imply 
poisoning; indeed the opposite is more commonly 
the case. Normal values have been established 
arid an increase above these levels indicates that 
exposure has occurred and thus provides a val
uable screening mechanism for the prevention of 
injury from continued or excessive exposure. Ta
ble 7-2 lists some of these mettbolic products 
Mhich have been used to evaluate exposure as well 
,', ic ,geuts for wihich they may tie used. 

TAII F 72 
Metabolic Products ULstfuiI As Indices Of Exposure 

Product in Toxic 
Urine Agents 

....... 
Organic Sulfate Benzene

Phenol
Aniline 

Itippuric Acid Toluene 
Ethyl benzene 

Thiocyanate Cyanate 
Nitriles 

Gticeuronates PhenolBeniene
 
Terpenes 

Formic Avid Methyl alohol 

2. 6. dinitio-4 . TNT 
mino otiene 

p1nirtrphenol Paratlhion 
p-aininophenol Aniline 

-

There are other instan,-es in which a iochen
i'.'l ahicralilm prodItlL., I,, it'1to ic acll is useful 
;is ;acil.itioll Il tp.osmlc. I .d, for e\
;lllpi. I Ml icls in poi h lin nitl.il'olisiii llmdin
'ci'.CIsetl levls of' It.i .invu'ic oacd imay 

be detected in he urine following lead exposure. 
I.cels of plassma choline ectrase may be used 
to eviluhate exposure to Oi'aticlplihosphortus insec
ticiles. I.evels of carboxshemoglobin provide a 
means of assessing exposure to carbon monoxide. 
L.evels of methemoglohin cart be used to evaluate 
exposure to nitrobenzene or aniline. Hemolysis 
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metals is also used to evaluate exposure, though 
whether these would be termed "biochemical tests" 
depends somewhat on whether you are speaking 
with an engineer or a biochemist. 

The use of biologic threshold limit values pro-
vides a valuablk adjunct to the TlV's which are 
based on air analysis. The analysis of blood, 
urine, hair, or exhaled air for a toxic material 
per se (e.g., P'b, As) or for itmetabolite of the 
toxic agent (e.g., thiocyanate, phenol) gives an 
indication of the exposure of an individual worker. 
These tests represent a very practical application 
of data from experimental toxicology. Research 
in industrial toxicology is often oriented towards 
the search for a test suitable for use as a biologic 
threshold which will indicate exposure at a level 
below which dim:ige occurs. 
Behavioral Studies: When any toxic agent is ad-
ministered to experimental animals, the experi-
cnced investigator is alert for any signs of abnor-
tral behavior. Such things itsaltered gait, bizarre 
positions, aggressivc behavior, increased or de-
creased activity, tremors or convulsions can sug-
gest possible sites of action or mechanisms of 
action. 1 he ability of an animal to maintain its 
balance on a rolling bar is itfrequently used test 
of coordination. The loss of learned conditioned 
rellexes has also been used and by judicious con-
bination of these tests it is possible to determine, 
for example. that the neurological response to 
noth,,I refll,.nlv, iilfer, front tile response to 
ethyl alcohol.'' Ability to solve problems or make 
perceptual distinctions has bcen used on human 
subjects. especially in an effort to determine the 
possible effects of low levels of carbon monoxide 
and other agents which might be expected to in-
tcrfere with eflicient pcrfornmance of necessary 
tasks, thus creating a subtle hazard. Effects on 
neurological variables such itsdark adaptation of 
the eye are much used by Russian investigators in 
determining tireshold limit values. I 
Reprodu(tive I' 'lets:It is posible that a level of 
a toxic material can have a effect on either male 
or female aninals which %0ill resu!t in decreased 
fertility. In fertility studies the chemical is given 
to males and females in daily doses for the full 
cycle of oogenesis and ,permatogenesis prior to 
mating. If gestation is establi,hed, the fetuses are 
removed by caesarean section one day prior to 
delivery. The litter size and viability are com-
pared with untreated groups. The young are then 
studied to determine possible effects on survival, 
growth rate and maturation. The tests may be 
repeated through a second and third litter of the 
treated animals. If it is considered necessary the 
test may be extended through the second and 
third generation. 

Teratogenic Eflects: Chemicals administered to the 

pregnant animal may, under certain conditions. 
produce malfornations of the fetus without induc-
ing damage to the mother or killing the fetus. The 
experience with the birth of many infants with 
limb anomalies resulting from the use of thalido-
mide by the mothers during pregnancy alerted the 
toxicologists to the need for more rigid testing in 

of methyl mercury as demonstrated in the inci
dents of poisoning in Minamata Bay, Japan. 'rhe 
study of the teratogenic potential poses a very 
complex toxicological problem. The susceptibility 
of various species of animal varies greatly ir the 
area of teratogenic effects. Thc timing of the do.e 
is very critical as a chemical may produce sesere 
malformations of one sort if it reaches the emhrso 
at one period of development and either no mal
formations or malformations of a completely dif
ferent character if it is administered at a later or 
earlier period of embryogenesis. For itdiscussion 
of a recommended method of teratogenic testing 
and a summary of the literattire in this area. the 
paper by Cahen" may be c0Ysulted. 
Carcino.qenicity: The study of the carcinogenic 
effects of a toxic chemical is itcomplex experi
mental problem. Such testing involves the ust. of 
sizeable groups of animals observed over a period 
of two years in rats or four to five years in dogs 
because of the long latent period required for the 
development of cancer. Efforts to shorten the 
time lag have led to the use of aging animals. This 
may reduce the lag period one third to one 
fourth. Various strains of inbred mice )t mimsters 
are frequently used in such experiments. Quite 
frequently materials are screened by painting on 
the skin of experimental animals, especially mice. 
Industrial experience down through the sears has 
made plain the hazard of cancer from esposure 
to various chemicals. Anionu these are manv of 
the polynuclear hydrocarbons. beta-naphylamine 
which produces blandcr cancer. chromates and 
nickel carbonyl which produce lung cancer. An 
excellent summary of recent experimental work in 
the area of the production of lung cancer in experi
mental animals is given by Kuschner.'" 

The :I)A Advisory Committee on Protocols 
for Safety Evaluation Panel on Carcinogencis has 
recently published in the literature their Report 
on Cancer Testing in the Safety rvahtuaton o! 
Fod Additive. and Pestiidev.'" The particular 
emphasis is on testing natcrials which would come 
into contact with man principally through the diet. 
either as food additives or as conta minating resi
dues on food products ;isin the case of pe,,ticides 
however, many fundamental points pertinent to 
the overall area of experimental testing for carcin
ogenesis by the toxicologist are raised and 
thoughtfully discussed. This reference is highly 
recommended reading. For ubiquitous substances 
air quality standards must consider contributions 
from all sources, food and beverages, water, am
bient air. and smoking. as well as those from the 
industdial environment, e.g., asbestos and lead. 

FACTORS INFLUENCING
 
INTENSITY OF TOXIC ACTION 

Rate of Entry and Route of Exposure: The de
gree to which itbiological system responds to the 
action of a toxic agent is in many cases mat kedly 
influenced by the rate and route of exposure. it 
has already been indicated that when a substance 
isadministered as an iv injection, the material has 
maximum opportunity to be carried by the blood 
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stream throughout the body. whereas other routes specific diseases which would contraindicate cx
of exposure interpose a barrier to distribution of posure to specific toxic agents. pre-placement mcd
the material. The ellectiveness of this bairricr will ical examination can prevent possible hazardous 
govern the intensity of toxic action of a given exposure. For example, an individual with some 
amount of toxic agent adainistercd by various degree of pre-existing methenioglobineniia would 
routes. Lead, for example, is toxic both by in- not be placed in a work situation involving expos
gestion and by inhalation. An equivalent dose, ure to nitrobenzene. Since lit is known that the 
however, is more readily absorbed from the res- uptake of manganese parallels the uptake of iron, 
piratory tract than from the gastro-intestinal tract it would be unwise to employ a person with known 
and hence produces a greater response. iron deficiency anemia as a manganese miner. It 

There is frequently a difference in intensity has been shown that viral agents will increase the
of response and sometimes a difference even in sensitivity of animals to exposure to oxidizing type
the nature of the response between the acute and air pollutants. Nutritional status also alfects re
chronic toxicity of a material. If a material is sponse to toxic agents.
taken into the body at a rate sufficiently slow that Previous Exposure: Previous exposure to a toxic 
the rate of excretion and or detoxification keeps agent can lead to either tolerance, increased sensi
pace with the intake, it is possible that no toxic tivity or make no difference in the degree of re
response will result even though the same total sponse. Some toxic agents function by sensitiza
amount of material taken in at a faster rate would tion and the initial exposures produce no obs rv
result in a concentration of the agent at the site able response. but subsequent exposures will do
of action sutficient to produce a toxic response. so. In these cases the individuals who are thus 
Information of this sort enters into tile concept sensitized must be removed from (xposure. In
of a threshold lilit for safe exposure. Hydrogen other instances if an individual is re exposed to a 
sullide is a good exaiple of a substance which is substance before complete reversal of the change
rapidly lethal at high concentrations as evidenced produced by a previous exposure, the effect may
by fhe niany accidental deaths it has caused. It has be more danerous. A case in point would he an 
an acute action on the nervous system with rapid exposure to an organophosphorus insecticide
production of respiratory paralysis unless the vie- which would lowrer the level of acetylcholine ester
tin is promptly removed to fresh and re- ase.air Given time. the level will be restored to nor
vived with appropriate artiliciai respiration. On ial. If another exposure occurs prior to this. 
the other hand. hydrogen sulfide is rapidly oxi- the enzyme activity may be further reduced to 
dized in the plasna to non-toxic substances and dangerous levels. Previous exposure to low levels 
many times the lethal dose produces relatively lit- of a substance may in some cases protect against
tIe eftect it' administered slo%% v. Benzene is a subscquent exposure to levels of a toxic agent 
Li RA LAli I It~ Ii, iI.' V- J1if _'''4 Iiih ~ *Uf :..A I..j ~ !''hic .C 

. -*."...-...Thinature of response dependini. onl '%sivther the ex- ma' conic about through the induction of en
posure is an acute one to a igih cuncentration or zynics which detoxify the compound or by other a chronic exposure to a lower level. If one used nechanisns often not completely understood. It 
as criteria the 4 hr I.C-,, for rats of 16,000 ppm has been shown. for example, that exposure of 
which has been reported for benzene, one would mice to lowv levels of ozone will prevent death 
conclude (from Table 7-1 ) that this niaterial from pulnonary edema in subsequent high ex

'would be "practically non-toxic- which, of course, posures. There is also a considerable "cross
 
is contrary to fact. The mnech-ani~r of acute death tolerance' aniong tile oxidizing irritants such as
 
is narcosis. Chroi,'c exposure to low levels of ozone and hydrogen peroxide, an exposure to low
 
benzene on the other hand produces damage to levels of the one protecting against high levels of
 
tile blood-forming tissue of the bone marrow and the other.
 
chronic benzene intoxication may appear even Fnvironmetl Factors: Phyical factors can also 
many years after Ile actual expo,urc to benzene affect the rc:.ponse to toxic "l.'ents. In industries 
has ceased. IUch a1, ictin! or stecl |r-:tking. high tmpera
,,le: It is well known that. in .vncral. infants :.ind turcs arc encotnteret. I1c,,tre, di'tferent than
ihe nc\%orn ire inore stnsiikie to inanv tIxi, n1'l1;ll int';inhiet atnio,liic e,,e can lie nIi
.gcnts than are adults of the .lh, speci',. 1'1ii cvL1nt'l' l in ii ons m: lt cIionlluktion.
 
this hs rclati'cv little beatin, on a, /I l'r. I'or ii.inv !10,1. I11C
diUssisl oif .' I iaL',cntic,,ponse
industrial toxicolfo-y. Older )cistns or older arni- \aries with the species of'animal. There are often 
mals are also often more sen,,i i1.C to toxic action differences in the respons, of iales and females 
than are younger adult%. Wili avin- come,, a di- to the sa me agent. ilceditaty factors also can 
minished reserve capacity in Ih f;ace of t(mXc he ofr i, nc,. Glnetic deect, in imtabolism 
,tress. "lhiv r ersc caracil', I. i ',.,cilher Ihinc- t.iV menicr certain individuils iore sensitive to 
tional or antnuiical. Thc ec,, i. r fhlk !:iven 1,1,ic aiccnt.li~ litv ini :I 
older a_'c group,, duriLe :in( i "-',itclv lolhw'iu', 
the well kno\n acute air pollution incident, is a ('LASSIWIC.A'ION OF TOXIC MATERIALS 
case in point. Fherc is exp,.rimentil evidence from Within the scope of this chapter it is not possi
electron microscope studies that )ornger animals le to,di,cuss the specific toxic action of a variety
exposed to pollutants have a c:ilPlcity to repair of nalerials, although where possible specific in
lung damage which was lost in !cr animals.:" fhrno:ilion li:is heen used to illustrate tile principles
Siate of Hath.-lh. Pre-existing (li, result i,,cussed. It might, ho%%ev,.r, be useful to conc:isc can in 
greater sensitivity to toxic agent,. In the case of sider several ways in which toxic agents may be 
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classified. No one of these is of itself completely
satisfactory. A toxic agent may have its action on 
the organ with which it conies into first contact. 
Let us assume for the moment that the agent is 
inhaled. Materials such as irritant gases or acid 
mists produce a moie or less rapid response from 
the respiratory tract when present in sufficient 
concentration. Other agents, such as silica or 
asbestos. also damage the lungs but the response 
is seen only aftcr k'glthy e.x\fostrc. Other toxic 
agents may have no eflect upon the organ through
which they enter the body. but exert %%hat iscalled 
systemic toxic action when they have been ab-
sorbed and translocated to the site of biological' 
action. Examples of such agents would be mer-
cury vapor, man-0ncse, lead. chlori atcd hydro-
carbons and many others which are readily ab-
sorbed through tile lungs, but produce typical
toxic symptoms only in other organ systems. 
Physical Classificationt: This type of classification 
is an attempt to base the discussion of toxic agents 
on the form in which they are present in the air. 
These are discussed as gases and vapors or as 
aerosols. 
Gases and Vapors: In common industrial hygiene 
usage the term "gas" is usually applied to a sub-
stance which is in the gaseous state at room tem-
perature and pressure and the term "vapor" is 
applied to the gaseots phase of a material which 
is ordinarily a solid or a liquid at room tempera-
ture and pressure. In con,,idering, the toxicity of 
a gas or vapor. the soluhilitv of the material is of 
the utmost importance. If tie mateiial is an irri-
tant gas, solubility in aqueous media will deter-
mine the amount of material that r,'aches the lung 
and hence its site of action. A highly soluble gas.
such as ammonia, is taken tip readily by the mu-
cous membranes of the nose and upper respira-
tory tract. Sensory response to irritation in these 
areas provides the individual with warning of the 
presence of an irritant gas. On the other hand, a 
relatively insoluble gas such as nitrogen dioxide is 
not scrubbed out by the upp.-er respiratory tract. 
but penetrates readily ito Amounts suf-the lung.
ficient to lead to pulmonary edema and death may 
be inhaled by an individual who is not at the time 
aware of the hazard. The solubilitv coellicient of 
a gas or vapor in blood is one of fhe factors de-
termining rate of uptake and saturation of 'the 
body. With a very soluble gas. saturation of the 
body isslow, is largely dependent upon ventilation 
of the lungs and is only slightly influenced by
changes in circulation. In the case of a slightly
soluble gas, saturation is rapid. depelids chiefly 
on the rate of circulation and is little influenced 
by the rate of breathing. If the v;por has a high 
fat solubility. it tends to accuniulate in the fatty
tissues which it reaches carried in the blood. Since 
fatty tissue often hits itmeager blood supply. com-F te saturation of the fatty tissue may take a 
onger period. It is also of importance whether 
the vapor or gas is one which is readily metabo-
lized. Conversion to a metabolite woukl tend to 
lower the concentration in the blood and shift 
the equilibrium towards increased uptake. It is 
also of importance whether such metabolic prod-
ucts are toxic. For a discussion of the interplay 

of factors relating to the uptake of gases and va. 
pors, Chapter 5 of Henderson and Haggard' o 
Chapter 6 of Patty" should be consulted. 
Aerosols: An aerosol is composed of solid or Ii. 
quid particles of microscopic size dispersed in L 
gaseous medium (for our purposes, air). Special 
terms are used for indicating Lertain types of par.
ticles. Some of these are: "dust". a dispersion ol 
solid particles usually resulting from the fractur(
of larger masses of material such as in drilling 
crushing or grinding operations; "mist, a disper.
sion of liquid particles. many of which are vis. 
ible, "fog", visible aerosols of a liquid formed b)
condensation; "fume", an aerosol of solid particles 
formed by condensation of vaporized materials 
"'smoke", aerosols resulting from incomplete coin
bustion which consist mainly of carbcn and othei 
combustible materials. The toxic response to an 
aerosol depends obviously on the nature of the 
material, which may have as a target organ the 
respiratory system or may be a systemic toxic 
agent acting elsewhere in the body. In either case, 
the toxic potential of a given material dispersed 
as an aerosol is only partially described by a state
ment of the concentration of the material in terms 
of weight per unit volume or number of particles 
per unit volume. For a proper assessment of the 
toxic hazard, it is necessary to have information 
also on the particle size distribution of the ma
terial. Understanding of this fact has led to the 
development of instruments v.hich sample only 
particles in the respirable size range. Chapters 13 
and 14 discuss analytical methods for obtaining 
tile needed data. The pilrtiuic tn ,0.i',i,, di ,.D
 
is the key factor in determining its site of deposi
lion in the respiratory tract and. as a sequel to 
this. the clearance mechanisms which will be avail
able for its subsequent removal. The deposition
of an aerosol in the respiratory tract depends upon
the physical forces of impaction, settling, and 
diftusion or Brownian movement which apply to 
the removal of any aerosol from the atmosphere, 
as well as upon anatomical and physiological fac
tors such as the geometry of the lungs and the 
air-flow rates and patterns occurring during the 
respiratory cycle. The interrelationship of these 
factors has been examined both theoretically and 
experimentally. The monograph by Hatch and 
Gross, "Pulmonary Deposition and Retention of 
Inhaled Aerosols""' gives an excellent discussion 
of the subject and should be required reading for 
anyone entering the field of environmental toxi
eoiogy. The most recent theoretical treatment is 
that of the Task Force on Lung Dynamics" which 
also gives an excellent summary of past work. 

In the limited space available only one point 
will be emphasized here. namely, the toxicological
importance of particles below I pm in size. Acro
sols in the range of 0.2-0.4 pm tend to be fairly
stable in the atmosphere. This comes about be
cause they are too small to be effcctively removed 
by forces of settling or impaction and too big to be 
effectively removed by diffusion. Since these are 
the forces that lead to deposition in the respiratory 
tract. it has been predicted theoretically and con
firmed experimentally that a lesser percentage of 
these particles isdeposited in the respiratory tract, 
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On the other hand, since they are stable in the 
atmosphere. there are large numbers of them 
present to be inhaled, and to dismiss this size 
range as of minimal importance is an error in 
toxicological thinking which should be corrected 
whenever it is encountered. Aerosols in the size 
range below 0.1tm arc also of major toxicological
importance. The pcrcentage deposition of these 
extremely small particles is as great as for ltLm 
particles and this deposition is alveolar. This fact 
was predicted theoretically by Findeisen as far 
back as 1935." and has been confirmcd experi-
mentally." ' Particles in the sub-micron range also 
appear to have greater potential for interaction 
with irritant gases, a fact which is of inaportance 
in air pollution toxicology,
Chemical Classification: Toxic compounds may be 
classified according to their chemical nature. Vol-
ume II of Patty" is so structured and is an excel-
lent practical reference. Industrial Toxicology by 

-" Hamilton and Hardy2 is also arranged more or 
less according to the chemical classification. Since 
both of the authors were distinguished as indus-
trial physicians (the late Dr. Alice Hamilton being 
one of the pioneers inthat area), the book is more 
oriented to medical signs and symptoms than to-
wards experimcntal toxicology. Several more spc-
cialized works deal with certain types of chem-
ical compounds. Among these may be included 
Browning's Toxicity of !Mdustrial Metalh- and 
Toxicity and Metaboli.mn of Industrial Solvents' 
and G3erarde's Toxicology and Biochemistry of 
Aromatic Hlfdrocarbonv.:1u 
PhysiologicalClassification: Such classification at-
tei, pts to frame tie discussion or toxic materials 
accordine to their biological action. Most such 
systems (including the present one) have as their 
basis the now classic scheme proposed by Hender-
son and Haggard .21 
Irritants. The basis of classifying these materials 
is their ibility to cause inflammation of mucous 
membranes with which they come in contact. 
While many irritants are strong acids or alkalis 
familiar as corrosive to non-living things such as 
lab coats or bench tops, bear in mind that inflam-
mation is the reaction of a living tissue and is dis-
tinct from chemical corrosion. The inflammation 
of tissue results from coricentrati(ns far I'low 
those needed to pirodtce corrosion. As was indi-
cated earlier in discussin,, e;tes and vapors. solou-
bility is inimportant 1h*ftetr iidtemIliininl the 
site of irritant action in the respi r:toy tract. 
-lighly soluble materials such as ammonia. alk;a-

line duts and mists. hydro[ven chloride and hydro-
gen fluoride affect mainly the upper respiratory 
tract. Other materials ot internediate soluhililv 
stich a the halotens. ozone. diethyl or dinmethyl 
sulfate and phosphorus chlorides affcet bthi tlie 
upper respiratory tract ;ind the pulmonary tissue. 
Insolulble materids such as nitrogen dioxide, ar-
senic trichloride. or phosgene aflect piniarily the 
lung. There are exceptions to the statement that 
solubility serves to indicate site of action. One 
such is ethyl ether and other insoluble compounds 
that are readily absorbed tnallered frot the alve-
oli and hence do not accumtlate in that area. In 
the tipper respiratory pas,:ages and bronchi where 

the material is not readily absorbed, it can accum
ulate in concentrations sufficient to produce irrita
tion. Another exception is in materials such as 
bromobenzyl cyanide which is a vapor from a 
liquid boiling well above room temperature. It is 
raken up by the eyes and skin as a mist. In initial 
action, then, it is a powerful lachrymator and up
per respiratory irritant, rather than producing a 
primarily alveolar reaction as would be predicted 
from its low solubility.

Irritants can also cause changes in the me
chanics of respiration such as increased pulmon
ary flow-resistance or decreased compliance (a 
measure of elastic behavior of the lungs). One 
group of irritants among which are sulfur dioxide, 
acetic acid, formaldehyde, formic acid, sulfuric 
acid. acrolein and iodine produce a pattern in 
which the flow-resistance is increased, the compli
ance is decreased only slightly and at higher con
centrations the frequency of breathing is de
creased. Another group among which are ozone 
and oxides of nitrogen have little effect on resis
tance, produce a decrease in compliance and an 
increase in respiratory rate. There ii evidence 
that in the case of irritant aerosol, the irritant po
tency of a given material tends to increase with 
decreasing particle size:" as assessed by the in
crease in flow-resistance. Follossing respiratory
mechanics measurements in cats exposed to irri
tant aerosols, the histologic sections prepared after 
rapid freezing of the lungs showed the anatomical 
sites of constriction. ; Long term chronic lung 
impairment may be caused by irritants either as 
sequelae to a single very severe exposure or as 
the result of chronic exposure to low concentra
tions of the irritant. There is evidence in experi
mental aninmals that long term exposure to rcspir
atory irritants can lead to increased mucous secre
tion and a condition resembling the pathology of 
human chronic bronchitis without the intermediary 
of infection.; :;. The epidemiological assessment 
of this factor in the health of residents of polluted 
urban atmospheres is currently a vital area of 
research. 

Irritants are usually further subdivided into 
pimary and secondary irritants. A primary irri
tant is a inaterial which for all practical purposes 
exc rts nitsNytemic toxic action either because the 
prodlucts formed on thc tis,,ues of the respiratory 
tract are nonfoxic or hccause the irritant action 
is far in excess of' any sstemic toxic action. Ex
ail e, of thefirst t.Vpe would he hydrochloric 
acid or sull'uic acid. l"xaniples of the second type 
woulkt be materials such as Lewisite or mustard 
gas. Mhich would he quite toxic on absorption 
but death from the irritatioin would result before 
,iiiicien, anounts to produce s\stemic poisoning 
would i e absorbcd. Secondar)'irritants are na
te. '.'hihdo prod nicc irritant action on mucousrial 
mncn',oles. but this effect is o\ershadowed by 
systemic effects resulting from absorption. Exam
pies of materials in this category are hydrogen 
vulfide and many of the aromatic hydrocarbons 
andl other organic compounds. The direct con
tact fliquid aromatic hydrocarlons with the lung 
can cause chemical plcumnnitis with pulmonary
edema. homorrhage and tissue necrosis. It is for 
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this ,iasofn that in the case of accidental inges-
tion of these materials the induction of vomiting 
is contraindicated because of possible aspiration 
of the hydrocarbon into the lungs. 
Axphyxiants: The basis of classifying these ma-
terinis is their ability to deprive the'tissue of oxy-
gen. In the case of severe pulmonary edema caused 
by tn irritant such as nitrogen dioxide or laryngeal 
spasm caused by a sudden severe exposure to 
sulfuric acid mist, the death is from asphyxia, 
but this results from the primaly irritant action. 
The materials we classify here as asphyxiants do 
not damage the lung. Simple asphyxiants are 
physiologically inert gases which act when they 
are present in the atmosphere ii sullicient quan-
tity to cxclude an adequate oxygen supply. Among 
these are such substances as nitrogen. nitrous 
oxide, carbon dioxide, hydrogen. helium and the 
aliphatic hydrocarbons such as methane and 
ethane. All of these gases are not chemically 
unreactive and among them are many materials 
which pose a major hazard of fire and explosion, 
Chemical asphyxiants arc materials which have as 
their specific toxic action rendering the body in-
capable of utilizing an adequate oxygen supply. 
They are thus active in concentrations far below 
the level needed for damage from the simple as-
phyxiaits. The two classic examples of chemical 
asphyxiants are carbon monoxide and cyanides. 
Carbon monoxide interferes with the transport of 
oxygen to the tissues by its aflinity for hemoglobin, 
The carboxy-hemoglobin thus formed is unavail-
ablc for the trar.;port of oxygen. All aspccts of 
current research on carbon monoxide were the 
subject of a recent conference of the New York 
Academy of Sciences and the monograph result-
ing from this meeting is an excellent reference.:' 
Over and above the familiar lethal effects. there 
is concern about how low level exposures will 
affect performance of such tasks as automobile 
driving, etc. In the case of cyanide. there is no 
interference with the transport of oxygen to t>: 
tissues. Cyanide transported to the tissues forms 
a stable complex with the ferric iron of ferric 
cytcc,irome oxidase resulting in inhibition of en-
zyme action. Since aerobic metabolism is dc-
pendent upon this enzyme system. the tissues are 
unable to utilize the supply of oxygen. and tissue 
"hypoxia" results. Therapy is directed towards 
the formation of an inactive complex before the 
cyanide has a chance to react with the cytochrome. 
Cyanidc will complex with methemoglobin so ni-
trite is injected to promote the formation of meth-
emoglobin. Thiosulfate is also given as this pro-
vides the sulfate needed to promote the enzymaiic 
conversion, of cyanide to the less toxic thiocyanate. 
Primary Anesthetics: The main toxic action of 
these materials is their depressant effect upon the 
central nervous system, particularly the brain. The 
degree of anesthetic effect depends upon the ef-
fective concentration in the brain as well as upon 
the specific pharmacologic action. Thus, the ef-
fectiveness is a balance between solubility (which 
decreases) and pharmacological potency (which 
increases) as one moves up a homologous serie. 
of compounds of increasing chain length. The 
anesthetic potency of the simple alcohols also rises 
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with increasing number of carbon atoms through 
amyl alcohol which is the most powerful of the 
series. The presence of multiple hydroxyl groups 
diminishes potency. The presence of carboxyl 
groups tends to prevent anesthetic activity which 
is slightly restored in the case of an ester. Thus 
acetic acid is not anesthetic, ethyl acetate is 
mildly so. The substitution of a halogen for a 
hydrogen of the fatty hydrocarbons greatly in
creases the anesthetic action. but confers toxicity 
to other organ systems which outweighs the anes
thetic action. 
Hepatotoxic Agents: These are materials which 
have as their main toxic action the production of 
liver damage. Carbon tetrachloride produces se
vere dilTuse central necrosis of the liver. Tetra
chloroethane is probably the most toxic of the 
chlorinated hydrocarbons and produ:cs acute ycl
low atrophy of the liver. Nitiosamines are cap
able of producing severe liver damage. There arc 
many compounds ot plant origin such as some of 
the toxic components of the mushroom Amanita 
phalloides, alkaloids from Senccio, and aflatoxins 
which are capable of producing severe liver dam
age and in some instances are powerful hepato
carcinogens. 
Nephrotoxic Agents: These are materials which 
have as their main toxic action the production of 
kidney damage. Some of the halogenated hydro
carbons produce damage to the kidney as well 
as to the liver. Uranium produces kidney damage. 
mostly limited to the distal third of the proximal 
convoluted tubulc. 
Neuroto.ric Agents: These are materials which in 
one way or another produce their main toxic 
symptoms on ,he nervous system. Among them 
are metals such as manganese, mercury and thai
lium. The central nervous system seems partic
ularly sensitive to organometallic compounds. and 
neurological damage results from such materials 
as methylmercury and tetraethyl lead. Trialkyl 
tin compounds may cause edema of the central 
nervous system. Carbon disulfide acts mainly on 
the nervous system. The organic phosphorus in
secticides lead to an accumulation of acetyl cho
line because of the inhibition of the enzyme which 
would normally remove it and hence cause their 
main symptoms in the nervous system. 
Agents which act on the blood or hematopoietic 
system: Sonic toxic agents such as nitrites, aniline 
and toluidine convert hemoglobin to methemoglo
bin. Nitrobcnzcne forms methemoglobin and also 
lowers the blood pressure. Arsine produces hemo
lysis of the red blood cells. Benzene damages the 
hematopoictic cells of the bone marrow. 
Agents which damage the hng: In this category 
are materials which produce damage of the pul
monary tissue but not by immediate irritant ac
tion. Fibrotic changes are produced by materials 
such as free silica which produces the typical sili
cotic nodule. Asbestos also produces a typical 
damage to lung tissue and there is newly aroused 
interest in this subject from the point of view of 
possibie effects of low level exposure of individuals 
who are not asbestos workers. Asbestosis was the 
subject of a recent conference of the New York 
Academy of Sciences and the papers in the re



suiting monograph present the various aspects of 
current research in the area.' " Other dusts, such 
as coal dust, can produce pneumoconiosis which,
with or without tuberculosis super-imposed, has 


been of long concern in mining. Drinker and 
Hatch" is a classic reference in this area and 
Hunter:" discusses at length occupational expo-
sures to dusts. Many dusts of organic origin such 
as those arising in the processing of cotton or 
wood can cause pathology of the lungs and/or
wltertions n laung fton. h t eol tcano

alterations inlung function. The proteolytic en-

zvncs added to laundry products are an occupa-

tional hazard of current interest. Toluenediisocya-

nate (TDI) is another material which can cause 

impaired lung function at very low concentra-

tions and there is evidence of chronic as well as 

acute effects.:19 Chapter 33 discusses materials 

in this category. 
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Environmental Consideration in the Location of Industry
 

1. INTRODUCTION
 

Over the past decade there has been an increasing awareness that there
 

is a vital need for preservation and improvement of the environment in the
 

world in which we live; that with ever increasing population and the corre

sponding requirements for energy, air, water and living space, planning is
 

essential.
 

This realization culminated in the Stockholm Conference of 1972 which
 

within the omnibus aim of preservation and improvement of the human environ

ment made 106 recommendations for action. As a result the United Nations
 

formed a body now known as the United Nations Environment Programme (UNEP)
 

to take action on these recommendations. UNEP in conjunction with the other
 

many United Nations Agencies and several interested Governmental and Non-


Governmental bodies developed a plan of action in which the recommendations
 

were grouped into eight broad programme areas. (Ref. 1)
 

Of these eight programme areas three are particularly apt to the context
 

of the location of industry:
 

Programme Area: (a) Human Settlements, Human Health,
 
Habitat and well-being
 

(b) Land, Water, and Desertification;
 
(c) Trade Economics and Transfer of
 

Technr logy.
 

It is of significance that these three programme areas have all been designated
 

as having high priority by the Governing Council of UNEP. The importance of
 

the environmental aspects in location of industry are thus well recognized.
 

The reason underlying the assignation of high priority is expressed in
 

the Declaration of Principles of the United Nations Conference on the Human
 

Environment in June 1972. Quoting from Principle No. 1: "Man has the funda
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mental risht to freedom, equality and adequate condition of life in an environ

ment of quality that permits a life of dignity and well-being and he bears a
 

solemn responsibility to protect and improve the environmentfor future
 

enerations" 

Proper consideration given to location: of industry can help .to achieve 

both of the goaIsstated, ensure alife of dignity and well-being, and pro

tectin"and improvement of the environment. r 

However, while the former, expressed as the economic requirements of 

lomat6n,' have been well'recognized., the importance of the latter has not in 

the past been given the attention it deserves. 

During man's evolution to the 'technological society in industrialized
 

countries of today, the social pressure arising due to population growth was
 

not fully realized and little care was taken to consider the effects on the
 

'ecologyof the environment of either the technology or location of the in

dustries which are evidence of the development process. Social aspects such
 

as health and overall community well-being were in fact subjugated, or neglected
 

and in some cases deliberately exploited in man's haste to "improve" his living
 

standard. Despite the social pressures and environmental awareness of today,
 

this state of affairs continues to some extent due mainly to lack of criteria
 

to enable a complete overview of the technological process. Such an overview 

must include not only the narrow aspect of the economics of the industry con

cerned but also the effect on the overall economy of the region. This is an 

area in which considerable work needs to be done and in fact UNIDO in conjunction 

with UNEP have in process projects intended to provide suitable data for decision

making purposes.
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2. OVERVIEW OF THE LOCATION P1OBLEM
 

It is important to realize that the broad generalizations which are dis

cussed here must be considered carefully in light of the ecological and economic
 

structure of the ecosystem in which the industry is to be located since the
 

decision on actual location may have far reaching consequences. Nevertheless,
 

these generalities serve Lo pin-point guidelines for the more detailed studies
 

necessary to provide decisive criteria.
 

The environmental consideration of location of industry involve more than
 

just the physical aspects of the matter, just as important and in many ways
 

more so, is the desirability of the industry itself. The question which must
 

always be answered is,what are the aims of setting up the industry? To exploit
 

a natural resource? To expand a known market? To create employment? For
 

politico-social reasons? For national prestige? To exploit particular technical
 

or manual skills? To take commercial advantage of proximity to an existing
 

market? To take advantage of geographical location? To attract overseas in

vestment? To absorb excess local capital? All of these are plausible reasons
 

for setting up an industry and each will face its own particular problem, but
 

in every case the common factor is the improvement of living standards in both
 

economic and environmental aspects.
 

In this connexion it is important to note the interrelationship between
 

relative income and acceptance of poor enviroi. antal conditions.
 

It is reasonable to expect that at the near subsistence level, as occurs
 

in some developing countries, that more importance should be placed by the
 

populace upon the essentials of life, shelter, food and water, than upon
 

atmospheric pollution, destruction,of the flora and fauna, etc. However,
 

experience,has shown that as economic conditions improve there becomes an
 

increasing awareness of the desirability of a good habitat,and social pressure
 

arises for a decrease in environmental pollution. It seems likely that there
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is a correlation between living standards kcf1al pressures and studies
 

are 'in progressto tryto 'express this inquantitaitiveicoela'tin terms.
 

Such information could, 'A used in the decision-making process, lead to large 

economic advantages since the cost of'adding pollution mitigation equipment
 

to an existing, producing factory or plant is almost certainly higher than if
 

this equipment is included in the"initial investment.
 

In both developed and developing countries there is a tendency towards
 

agglomeration of both urban and industrial areas. This is natural since an
 

industry needs an infrastructure with such facilities as transport, labour
 

market, commercial structure for banking and investment, proximity to raw
 

materials, proximity to markets, etc. Production costs can be saved by adding
 

to a conglomeration in which this infrastructure exists but this narrow view
 

may be wrong when consideration is given to the regional and national economic
 

aspects. The aim in location studies must be to achieve a balance between social
 

and economic profitability which, without consideration of-all parameters, may
 

appear as conflicting natural goals. If development were the only criterion of
 

environmental improvement their future agglomeration would be sensible.
 

It would appear, therefore that dispersion, while possibly desirable from
 

the ecological aspect, may be difficult due to lack of infrastructure. Thus
 

dispersal must be the result of a planning operation which ensures provision of
 

appropriate facilities and takes account of natural or regional development
 

requirements. The question of the optimum size of an agglomoration has not
 

been fully investigated but isworthy of further study taking into account
 

ecological aspects on an equal footing with the economic consideration. The
 

experience of several of the larger cities of the world whose location has been
 

based purely on trade convenience are examples of unplanned siting which it
 

would be preferable not to repeat.
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The aim of location studies today mustt betot allow: full industrial
 

development without detrimental socio-ecological effects.,,, -


Thel problem, which' forms the basic of the paperT is .therefore to bring into 

perspective the socio-ecological factors and their relationship to the already
 

well-known economic aspects.
 

3. FACTORS IN THE LOCATION OF INDUSTRY
 

(i) Economic Factors
 

Although not the subject of this paper it is considered worthwhile to list
 

here some of the major economic considerations normally considered as factors
 

and used inmathematical modelling for location studies. Discussion of these
 

factors has been well documented elsewhere and will not be repeated here, but
 

since it is essential to consider all factors in the decision-making process they
 

may serve as a useful reference.
 

Proximity to Natural Resource
 
Proximity to Market - local or export
 
Availability of Transport System
 
Cost of Transport

Availability of Commercial Infrastructure.
 
Availability of Labour Market
 
Available Labour Skills
 
Retraining of Labour
 
Sectoral Planning Requirements

Availability of Technology
 
Cost of Land
 
Viability of Change of Use of Land
 

The above factors are related to the strictly commercial aspects of the
 

problem only, if the industry is required to also be designed to have a minimum
 

effect on the habitat. The econo-ecological effects of the measures taken also
 

need to be taken in to account.
 

This is of great importance since the added investment and running cost of
 

pollution mitigation equipment can only be negative factors in the viability
 

calculation if the industry is considered in isolation. 
The benefits of the
 

community must also be accounted in economic terms.
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Typicail of,these benefits are:-


A. 	Health
 
Just the creation of an industry in an undeveloped
 

,region may mean the instigation of a hitherto non-existent or
 
improvement of a rudimentary health service. The creation of
 
a non-polluting industry will ensure that this service will be
 
provided at the optimum costs.
 

B. 	Workers Compensation
 
Pollution control in the factory should ensure less
 

compensation payments for industrial deseases and injuries.
 

C. 	Working Life
 
The provision of a pollution free habitat should have
 

a beneficial effect on both working and total life span of the
 
populace, thus reducing training costs and potentially more
 
efficient production.
 

D. 	Habitat
 
The provision of a clean atmosphere, correct water
 

treatment and controlled treatment and disposal of solid wastes
 
will all have the effect of increasing the useful life of build
ings, roads, and community amenities.
 

E. 	Preservation of Site Aesthetics
 
All cultures have an aesthetic sense through the
 

dynamics of development becomes of increasing importance as the
 
standard of living rises.
 

F. 	Regional Economic Effects
 
What price can be paid locally to preserve the amenities
 

and perhaps livelihood of the populace downstream of the industry.
 
One portion of the community cannot be allowed to develop to the
 
detriment of another.
 

4. 	ENVIRONMENTAL FACTORS
 

In the quotation from Principle 1, stated above it is evident that
 

there are two components for environmental consideration; improvement and
 

protection.
 

"Improvement" occurs more frequently in developed countries as is
 

evidenced by the decentralization policies at present being carried out,
 

notably in the U.K. and in Western Germany and by the careful planning which
 

was 	used in developing the Port of Rotterdam. The advantages of this policy
 

have been among other, prevention of increasing agglomeration and consequent
 

addition of further pollution to already polluted areas, to allow by planning
 

It -927
 



7
 

the utilization' of fully integrated systems for', energy supply,,wste removal 

sewage, water supply, and- the more,efficient)utilizationi of existing transport
 

systems by reduction of local traffic volume and planned-integrationoof new
 

systems into the existing network. Not only hasthis resulted in an improve

ment of the environment in the subsystem but it seems likely that there has
 

been overall economic advantage.
 

While dispersion of existing industry and prevention of excessive
 

agglomeration are primarily of importance in industrial countries they are
 

also of relevance in developing countries where industrial systems have been
 

developed during colonial administration.
 

India with its large concentrations of industrial activity such as
 

Bombay and Calcutta are good examples of this and pose the problem of
 

mobility of labour, regional socio-economic requirements, cultural character

istics and natural resource proximity. There is of course the additional danger
 

in disposal planning, particularly in developing countries, of spreading
 

limited investment resources so thinly that they become ineffective.
 

Interlinking in a complex fashion with both economic and improvement
 

consideration are the protection requirements.
 

Given the opportunity to freely make decisions on location, as in a
 

decentralization policy or in the creation of new industries whether in the
 

developed or developing countries, it is imperative to have knowledge of the
 

pollution potential of technology, the effectiveness and investment require

ments for pollution mitigation equipment, of tolerable pollution levels and
 

of energy requirements.
 

While considerable information is available for the techno-economic
 

aspects related to most industries data on the wider external factors is not
 

yet sufficiently well formulated to be of quantitative use.
 

Thus location studies today are restricted by a knowledge gap, which
 

several organizations are trying to fill.
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UNIDO,in-conjunction,withUNEPhasa series of projects fitting within
 

.the framework-of-anintegrated programmeof environmental work which should
 

make a!contribution-to.this -field. "Impact" studies of,existing plants are
 

in progress-to~establishthe overall effect they have had upon the total
 

environment., Since-the UNIDOmandate is to give aid,-to developing countries
 

the industries chosen are those which areparticularly important to such
 

countries, namely leather, rubber, textiles, iron and steel, cement, and
 

,basic chemicals. The methodology used-in these projects is designed to pro

ivide information for inputs to the complex study described later in this
 

paper and to endeavour to discover, :through pattern recognition techniques,
 

necessary modification to the initial thoughts upon the subject.
 

5. MINIMISING POLLUTION THROUGH LOCATION
 

Because of this paucity of quantitative broad based information
 

considerable thought has been given to ways and means of achieving environ

mental cleanliness utilizing available knowledge.
 

It is considered that there are two steps which can be taken now.
 

1. Minimization of pollution from a given plant or factory;
 

2. Integrated complexes of industries with minimum pollution.
 

These will lead, as facts become available, to the sensible location of
 

industrial complexes as a third factor.
 

It is the second of these factors which is the subject of a major joint
 

UNIDO/UNEP project.
 

The starting point in pollution mitigation is the realization of the
 

pollution potential of any given industry and the measures which can be taken
 

within the industry itself.
 

L -911
 



9 

A typical pollution' cycleiis sho ' in the'block diagram of Figure 1,
 

in which a typical existing system is shown in full line. It should be
 

particularly noted that included in the system are not only the industry
 

itself, but also transport and the consumer who also-contributes to the
 

overall, pollution,' 

In dotted line are shown modifications to the system which are
 

feasible and which could be addea to achieve minimum pollution. All efforts,
 

it should be noted, are in the direction of recycling and utilization of
 

wastes. The removal and or disposal of pollutants from the system without
 

possible re-use is a cost which 'an only decrease the economic viability of
 

th" iiianitry concernea.; 

Treatments of air, water and solid wastes are reasonablywell established
 

but the problem of-waste energy utilization, while the subject of a large
 

amount of study, has not been completely solved. Its importance is shown,
 

however, by the realization that the average efficiency of thermal processes
 

is only 35% and that at the moment the remainder serves no useful purpose. 

In conventional fuels alone, there are 3,900 million tons of fuel per annum
 

serving only to heat the atmosphere.
 

The other final waste products of the cycle are a non-reusable residue 

and by-products which could become raw materials for other industries. It 

is of course not realistic to assume that all potential raw materials can be 

extracted from the pollutant residues since quantities and extraction costs 

may make the operation non viable. The modified system does appear to be 

possible, however, for large scale industries. 

The non-reusable waste products-would have to be treated by conventional
 

methods, removal of harmful gases, neutralization of water priorto dischargea
 

into sewers o arvter courses and controlled dumping, inct.neration and composting
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of solids. The te'hhblogyof :thelatteris'till in.its infancy, but it is 

expected that in view of the awakened interests in recycling of materials,
 

--that-use,0of-the process will, increase greatly in the near future. 

•ese 	deliberations-leaa to the ,concept of-the-Intearatid industrial,
 

-THE INTEWAxxxD INDUSTRIAL COMPLEX WITH, MINIMUM POLLUTION 

The objective of this project is to establish criteria for mixing in
 

an industrial estate industries which can either:
 

1. utilize the product of another industry;
 
2. utilize raw materials extracted from the waste of another industry;

3. 	provide a neutralizing medium for the non-reusable waste from 

another country 

The concept can be realized by consideration of the block diagram of 

Figure 2. Although each of the individual industries shown have a pollution 

cycle-similar to that of in Figure I., for clarity only simplified cycles are 

shown here. 

In order to achieve viability of the pollution treatment process it has 

been assumed that the complex would be concentrated around a major industry 

such as an iron and steel plant or chemical works. Although experience may 

show that this is not essential. 

The major industry A should feed its products as raw materials for 

ancillary industries B.C.D. It is likely then that pollutants from each of 

these f6r industries will have a high degree of comonality and can be fed 

to a common extraction treatment plant or plants. 

The output from the treatment plant' provides raw materials for
 

industries P. and E. and gives a pollutant residue which when added to that
 

of industries A. B. C, D., ,has been designated type +X.
 

4- 27
 



12 

MINIMM POLLUTION INDUSTRIAL COMPLEX 

' 

RAW ER ARAP/ 


ATERIAL 
MA -----

iESALE S-AP , 
-'-----[ 

._ BUSTRY ._IND 

IO
 

RODUCPOLLUT 


T F,IoSRoY 

TNDUSTRH 

LIRO 

"aof WASTE HEAT TOAS APPROAE 
I NDUSTR Y A , , i MUSTRY B-J 

POLLUTANT S 
RODCT J 

INUTR INDUSTRY D 

ooIDUSTRYoE ' 

POLLUTIONI RESIDUALTYE+ 

NDUSTRY J 

TaPE -X 

' 1 "NEUTRAUiZED RESIDUAL 

POLLUTION OUTPUT 

,FIGURE 2 

4-2 



13
 

Industries H. and J. canbe of any type providing a non reusable residue
 

'
which has been designated type -X and which wil- neutralize the non-reusable
 

pollutants from plants A. B. C. D. and E.
 

It must be realized that the concept as described is very much over
 

simplified, but it is expected that by using system analysis techniques that
 

useable results will be achieved from full accounting.
 

There are bound to be many variations on the above theme and there is no
 

lack of appreciation of the difficulties which are likely to arise. However,
 

the advantages of the ideas 'even if only partially realized are such as to
 

make the attempt worthwhile.
 

The main advantages are:
 

1. Minimum waste of resources;
 
2. Minimum residual treatment costs.
 
3. Reduction of transport costs and provided the estate area is
 

not too large, reduction inboth traffic volume and pollution

by utilization of non-polluting transport.
 

4. Creation of a commercial infrastructure of planned size and
 
amenity.
 

5. Because of the wide variety of industries fullest exploitation
 
of the total labour market.
 

7. CONCLUSION
 

This paper has not attempted to answer questions but rather to state
 

the problem and inform on steps that are being taken to achieve solutions.
 

The ideas suggested are almost certainly not the only possible solution,
 

nor are they necessarily the best solution, but it is hoped that they will
 

stimulate thoughts on this most important subject.
 

There is a further question upon which no comment has been made here,
 

that is, where within a region should the industry and complex be located?
 

This, of course, brings in such parameters as geography, meteorology, labour
 

potentials, land use and the overall characteristice of the ecosystem within
 

which it is desired to create an industry. The problem has been neither
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forgotten nor neglected, but a scheme for the necessary investigation has not
 

yet been formulated sufficiently firmly to allow discussion in this brief paper.
 

The sole purpose of UNIDO as an organization is to aid developing countries
 

to formulate and implement programmes of industrial development. It is
 

essential that the information being sought on location problems should become
 

quickly available, therefore, in global environmental terms it is also in the
 

interests of industrialized countries to continue to make available their
 

experience and knowhow on these matters to the developing countries.
 

It is in these developing countries that the opportunity most often arises
 

to set up industry from grass roots and it is of paramount importance that this
 

process should proceed without hindrance. 

We have inherited an essentially restricted environment which we must
 

improve and preserve for posterity.
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CHAPTER 29
 

IONIZING RADIATION 
Edgar C. Barnes 

INTRODUCTION
Defition and General DescriptionIonizing radiation in genral is ave 

antiingparticuate isan'ctpro-radiatiognl 
magnetic or particulate radial ion capi ble of' pro-
ducing ions, directly or indirectly, b interaction 
with matter. In the specific situation being con-
sidered here, the ind,sti ial environment --- and 

usually in considering radiation protection matters 
that portion of the electromagnetic spectrum 

having frequencies in the ultraviolet portion and 
lower is excluded (see Chapter 28). Stated in 
more explicit terms, the Intet national Commission 
on Radiation Units and Measurements (CRUP 

defines ionizin, radiation as: "any radiation con-
sisting of directly or indirectly ionizing particles or 
a mixture of both. D ir iizing particles arecharged particot elect alpha par-

(electrons, protons. a pr-
ticlcs, etc. ) having suflicient kinetic cnergy to pro-
duce ionization by colli'ion. Indirctly ionizing 
particles are unchared ,articles (neutrons. pho-
tons, etc.) %shich can liberate directly ionizing 

particles or can initiate nuclear transformations. 
Thus, ionizing radiation encompasses considera-
tion both of atomic particles having a variety of 
physical and electrical characteristics streaming at 
velocities from nearly zero. to values approaching 
the speed of light, and of electromagnetic radia-
tions (photons) having a wide range of energies 
streaming at the speed of light. Photons. which 
have no mass. arc referred to as "particles" for 
theoretical reasons. In this chapter "radiation" 
implies "ionizing radiation." 

In the industrial environment, the radiations of 
primary concern are: x. gamma. alpha. beta and 
neutron. X and gamma radiations may be called 
x rays and gamma rays. Also. alpha and heta 
radiations ate called alpia and beta particles. 
Except for very small amounts from natural back-
ground radiation, proton and sonic other kinds of 
radiation are not of concern unless there is equip-
ment designed to specifically produce them. Re-
search facilities, such as large accelerators, are 
not discussed in this chapter. 

X and gamma radiations both are penetrating 
electromagnetic radiations having wavelenths 
much shorter than that of visible light but :hey 
are of different origin. X rays originate in the 
extra nuclear part of the atom. whereas gamma 
rays are emitted from the nucleus in the process 
of nuclear transition or during particle annihila-
tion. (Annihilation is the process by which a nega-
tive electron and a positive electron, called a posi-
tron, combine and disappear with emission of 
electromagnetic radiation.) 

-

Ordinarily, useful x rays are produced in an 
evacuated tube hv accelerating electrons from ahe;'ted fil:ament to a metal target with voltages of 
50) t 500 kilovolts (kV . Sometimes much higher 
0ii' Wit oe 'laie r s The de r %ehatlower vohia c.,are uS d. Th Ce
trons interact with orbital clectrons of atoms in 
the target catisin- cnergy lesel changes that result 
in the cin:,ion of "'chatracteristic' x rass. and also 
with the nucleus of the atom to produce electro
magnetic radiation having a "continuous" spec
trum (called bremsstrahlung). 

All radionuclidcs undergo t spontaneous trans
formation, called decay. during which radiation is 
emitted and a new nuclide. called a datughl"c (or 
decay product) is formed. The radiations are of 
a specific type (or types) and energy. or energy
distribution, for each species of radionuclide. Tabulated data for many radionuclide; are presented 
ih 

.i 
a rays.. are emitted b the nucleus of 

L 1 ,LU1l, u,.';_ UUI 4 L.,,IIIL, . E ,d; 
such radionucLId enits one or niore -1.111111;a raw 
having a specific energy. Gamma rays also are 
produced by neutron interactions with nuclei. 

Alpha radiation consists of a stream of alpha 
particles, each particle being physically identical 
to the helium nucleus - two neutrons and two 
protons. They arc emitted spontaneously during 
the radioactive decay of certain radionuclides. pri
marily those of higher molecular weight - bis
mulh and higher. Because of the comparatively 
large size and double positive charge of the alpha 
particles, alpha radiation does not penetrate mat
ter readily. The more energetic radiation is corn
pletely stopped by the skin. Inside the body. how
ever. it produces dense ionization in tissues. 

Beta radiation consists of a stream of beta 
particles, which are either electrons of negative 
charge or electrons of positive charge. called posi
trons. which have been emitted by an atomic 
nucleus - or by a neutron in the process of trans-
Cvrmation. Radionuclides that spontancously emit 
,eta particle, span the entire range of the elements. 

These nuclides emit particles having a maximum 
energy characteristic of that nuclide. along with 
many other particles of lower energy. 

Neutron radiation consists of a strean (flow) 
of neutrons. Radionuclides do not emit neutrons 
spontaneously. although a,small number of very 
heavy radionuclides lission spontaneously with the 
emission of neutrons. Neutron radiation is pro. 
duced by various nuclear reactions, by nuclear 
fission and by interactions of alpha or gamma 
radiation with certain nuclei. Since neutrons arc 
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uncharged, the radiation readily penetrates matter. 
Neutrons decay into a proton and an electron with 
a half-life of 11.7 minutes. Neutron energies, ex-
pressed in electron volts (eV) or the multiples
kiloelectron volts (keV) and inegaelectron volts
(McV), span a very wide range of values, and are 
commonly classified into three general groups -
slow, intermediate and fast. The range of energies
for each of these general groups is ind6finite, dif-
ferent ranges being selected according to specific
needs. One such classilication is <I eV, I eV to 
0.1 McV and >0.1 MeV, respectively.- There 
are also more specific classes, e.g., thermal, which 
are those essentially in thermal equilibrium with
the medium in which they exist (mean value 
0.025 eV at 20°C).

Quantities and Units 


In quantitating. radioactive materials, a unique
situation exists because one property of primary
interest is continually changing. As decay takes 
place, the activity, or number of nuclear disinte-
grations occurring in a given quantity of material 
per unit time decreases exponentially. Therefore. 
a time dependent factor, half-life, becomes part of 
any quantitative evaluation. Each radionuclide 
has a definite half-life, however the range of half-
lives for different radionuclides is very great, from 
fractions of a second to billions of years. Since 
the mass of material does not change significantly
during this decay, the quantity of a radionuclide 
or of a radioactive material is usually specified in 
terms of its activity, with the exception that mass 
may be used in some situations (e.g.. nuclear fuel
manufacturing) where half-lives of the useful 
radionuclidcs ,irvzry !orig. '".icc actikitv ii a 
given specimen (and the radiation from it) maycome from one or more radionuclides. each decay-
ing exponentially, the composition and activiiy
must be specified as of a definite (late, the accuracy
(year, month, day, minute, second) depending on 
the relation of the half-lives to previous or sub-
sequent periods of interest. The activity is con-
monly expressed in curies (or its multiples) al-
though for sonic measurements. disintegrations per
minute (dpni) or per second ((fps) are coin-
monly used. One curie equals 3.7 x 1011 disin-
tegrations per second, 

Another unique and complex situation exists
in quantitating the effect of radiation on living
organisms. The different kinds of radiation inter-
act in a wide variety of ways both with living
organisms (e.g., body tissues) and inanimate 
things (e.g., shielding). Furtherniore. the inter-
actions may be different for different energies of
the same type of radiation, and the spatial dis-
tribution of the interaction is not uniform. They
all. however, impart energy to nmatter throuch
which they pass: alid for living organisms the 
absorbed dose-energy imparted in a volume 
element divided by the mass of irradiated mate-
rial in that volume element -- provides a common
base for considering the degree of effect produced
by specific amounts of an, of the different types
of radiation. The unit of absorbed dose is the rad.
One rad equals 100 ergs per gram.

.The biological effect for equal absorbed doses 

from different types and encrgies of radiation,
however, is not constant. Therefore dose equiva
lent, which is the absorbed dose modified by perti
nent factors, particularly the "quality factor," is 
used for radiation protection evaluations to take
into account the difference in the biological effect 
of the different radiations. Values of the quality
factor for commonly encountered radiations, suit
able for general use. have been determined (see 
page 391). The special unit of dose equivalent is
the rem, which is the product of absorbed dose 
in rads and the applicable qut'ity factor. For 
special situations, a factor in addition to the qual
ity factor may be used. Dose-limiting recommen
dations are expressed as maximum permissible
dose equivalent in reins. commonly called "inaxi
mum permissible dose (MPD)." A similar concept
is expressed as a Radiation Protection Guide 
(RPG) by the Federal Radiation Council.' 

In some situations, it may be convenient and
sufficiently accurate to express dose-limitng rec
ommendations for x and gamma radiation (or to
make related measurements) in terms of ioniza
tion in air, at the point of interest. The measure 
of ionization produced inair by x or gamma radia
tion is called "exposure," its special unit being

the roentgen (R ). It is custonary, for radiation
 
protection purposes. to consider that one R at 
the point of interest would be equivalent to a
 
dose equivalent of one reinl.
 

A comprehensive collection of data. graphs

and tables will be found in the Radiological
Health Handbook.: It ,hould prove to be a useful

adjunct to this chapter. since extensive tables and
 
graphs ,ienoi IAiC. oive.
 
Glossary

This glossary includes a limited number of
 
terms used in radiation protection practice. These
 
definitions are mostly from reference (3) which
 
contains definitions of other terms. References 
(2) and (3) also include peitinent definitions.
activity (A). The number of nuclear disintcgra

tions occurring in a given quantity of material 
per unit time. 

body burden. The total quantity of a radio
nuclide present in the body.

body burhn. maxittiim pernisible. That body
burden of a radionuclidL' which, if maintained 
at a1constant level, would produce the maxi
mun permissible dose equivalent in the critical 
organ. 

brem.%.%trulhhv,. The electromina c ic ladi~alion 
associated with the decclem.. .iof charged
particles. The term is ilko applied to tile
radiation associated with the acceleration of 
chlarged particles.

controlh'd ar'it. A specified area in which ex
l"osurc ,fpei"on nel to radiaiion or radioactire 
Materi:il is cointiollcd ;ind which is under the 
siper vision of a cikM l\sho has knowledge of 
the appropriate radiation protection practices.
includinz pertinent regulations, and who has 
responsibility for applying them. 

curie (Ci). The special unit of activity. One curie 
equals 3.7 x 10'" disintegrations per second 
exactly. fly popular usage, the quantity of any 
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radioactive material having an activity of one 
ctrie. 

-daughter. , A nuclide, stable or radioactive, formed 
by' radioactive decay. A synonym for decay 
product. 

doae. A general term denoting the quantity of 
radiation or energy absorbed in a specified 
,mass. For special purposes, its meaning should 
be appropriately stated, e.g., absorbed dose. 

dose, absorbed. The energy imparted to matter 
in a volume element by ionizing radiation 
divided by the mass of irradiated material in 
that volume element. 

dose equivalent. The product of absorbed dose, 
quality factor, and other modifying factors 
necessary to express on a common scale, for 
all ionizing radiations. the irradiation incurred 
by exposed persons. 

dose equivalent, maximum permisilh' (.\IPD). 
The largest dose equivalent received within a 
specified period which is permitted by a regu-
latory agency or other authoritative group on 
the assumption that receipt of such dose equiva-
lent creates no appreciable somatic or genetic 
injury. Different levels of MPD may be set 
for different groups within a population. (By 
popular usage, dose, maximum permissible, is 
an accepted synonym.) 

exposure. A measure of the ionization produced 
in air by x or gamma radiation. It is the sum 
of the electrical charges on all of the ions of 
one sign produced in air when all electrons 
hberated by photons in a volume element of 
air are completely stopped in the air. divided 
by the mass of the air in the volume clement, 

genetically .significant dose (GSD). The dose 
which, if received by every member of the 
population, would be expected to produce the 
same total genetic injury to the population as 
do the actual doses received by the various 
individuals, 

hall-life, radioactive. For a single radioactive 
decay process, the time required for the activ-
ity to decrease to half its value by that process. 

half-value layer. The thickness of a specified 
substance which, when introduced into the 
path of a given beam of radiation, reduces the 
value of a specified radiation quantity by one-
half. It is sometimes cxpressel in terms of 
mass per unit area. 

isotopes. Nuclides having the same atomic num-
ber but different mass numbers. NOTE: this 
term is often used inaccurately as a synonym 
for nuclide. 

nuclide. A species of atom characterized by its 
mass number, atomic number. and energy 
state of the nucleus, provided that the means 

lfc in that state is long enough to be observ-le nimaterials. 
able. 


quality factor. A linear energy transfer depend-
ent factor by which absorbed doses are to be 
multiplied to obtain the dose equivalent. 

rad. The special unit of absorbed dose. One rad 
equals 100 ergs per gram. 

radiation source. An apparatus or a material 

emitting or capable of emitting ionizing radia
tion. 

Radiation Protection Guide (RPG). The radia
tion dose which should not be exceeded with
out careful consideration of the reasons for 
doing so; every effort should be made to en
courage the maintenance of radiation do.cs 
as far below this guide as practicable. 

Radioactivity Concentration Guide (RCG). The 
concentration of radioactivity in the environ
ment which is determined to result in organ 
doses equal to the Radiation Protection Guide. 

roentgen (R). The special unit of exposure. One 
roentgen equals 2.5X x 10-' coulomb per kilo

gram of air. 
sealed source. A radioactive source scaled in a 

container or having a bonded cover, where the 
container or cover has sullicient mechanical 
strength to prevent contact with and dispersion 
of the radioactive material under the condi
tions of use and wear for which it ws de
signed. 

ASPECTS OF IONIZINGPHYSICAL 
RADIATION 

Electromagnetic Radiation 
In the electromagnetic spectrum. gamma radi

ation spans an energy range from approximately 
8 x 10' eV to 10 eV. the coiresponding frequen
cies being 2 x 10" to 2.5 x 10 1hertz. X ri)s 
span a somewhat wider ranee of values :11i,h 

there is no clear break at the lower energy bound
ary and at higher energies special equipment. UL1l 

as an accelerator, is used for their production. 
A beani of x rays from x-ray equipment en

compasses a range of energies. The highest photon 
energy in the beam corresponds to the electron 
accelerating voltage, with the median being con
siderably below this value. The beam will include 
both photons having energies which are "char
acteristic" of the target material and photon, hay
ing a continuous spectrum (brenisstrahlung). the 
proportion of the latter being greater at higher 
electron accelerating voltages. The energy spec
trum, or quality of the beam. may be expressed 
either in terms of an 'efective energy" or in terms 
of its half-value layer. The accelerating vohage 
may be constant or may come from a pulsating 
generator, which inluenccs the photon energy dis
tribution. the latter being designated in terms of 
peak voltage (kVp). Ordinarily. x-ray tubes aud 
their housings are arranged so that there is shield
ing in all directions except for a "window" where 
the useful beam isemitted. The solid anle and 
shape of the useful beam is determined by the 
size of theiprgsadcnsand devices.hedna window by collimatingsuch aeo 

suc as diaphragmns and cones, made of shielding,
Some low energy x rays are absorbed 

in the target, while others are removed from the 
useful beam by the material inthe tube window 
and usually al.so hitillers that preferentially absorb 
the less penetrating radiation. Accelerators used 
to produce high energy x rays are commonly ar
ranged for beam emission to accomplish a specific 
purpose. 
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Sealed sources, consisting of a radionuclide 
,encased,in a metal capsule, are a common source 
,,of gamma radiation used in industry. They are 

used in radiography, measuring devices and a 
number of other special applications. The radio-
-nuclides in them are selected to provide radiation 
of the desired photon energy. Some emit photons 
of one energy, such as cesium-137 (.66MeV); 
others a range of energies, such as radium (.047 
to 2.4 MeV due to retained daughters). 

There are two basic processes by which elec-
tromagnetic radiation interacts with matter: scat-
tering, in which the direction of the photon and 
its energy are altered; and absorption, in which 
the photon disappears with transfer of its energy 
to other radiations. 

Along the path of a primary bean of photons, 
there are interactions between the electric fields 
of these photons and the electrons in the material 
being penetrated which cause "scattering" of some 
of the primary beam photons. Further reactions 
ensue with a resulting 360' angular distribution 
of scattered photons having a range of energies 
down to nearly zero. The shape of this angular, 
and associated energy, distribution is a function 
of the energy of the original photons. For a mathe-
matical treatment if scattering, see Priniples of 
Radiation P 'otectio:.' 

Absorption of photons occurs primarily by 
three processes - the photoelectric effect, the 
Compton effect and pair production. These are 
also treated mathematically in the above book. 
The photoelectric effect prcdominates for the 
lower energy photons. the Compton cilect where 
the energy is greater than approximately 0.5 MeV. 
and for pair production a miniimum of 1.02 MeV 
is required. 

The photoelectric effect involves an interaction 
between incident photons and the electrons in the 
shells around the nuclei. Electrons are ejected 
fron the atoms with an energy equal to the differ-
ence between the photon energy and the binding 
energy of the ejected electron. Subsequently. x 
rays or electrons are emitted as the shell vacancies 
are corrected, the x rays having a wide range of 

energies which are higher for the higher atomic 
number materials. The portion of photons inter
acting by the photoelectric process increases with 
increasing atomic number and decreasing energy. 

The Compton effect involves interactions of 
photons incident on orbital electrons. The photon 
gives up part of its energy to the electron causing 
it to recoil and the balance of its energy goes into 
a scattered photon. From conservation of energy 
and momentum, the angular relationships of the 
recoil, electron, scattered photon and incident 
photon can be determined. The original photon 
energy determines the distribution of these angles; 
at lower energies, the angles at which electrons 
are scattered is greater. 

Pair production occurs by the interaction of a 
photon with the electric field surrounding a 
charged particle. "The .miginal photon disappears 
with the formation of an elcctron-pw i ron pair. 
The photon energy must exceed 1.02 MeV and 
it is divided equall) Ictween the electron and the 
positron. The portion of incident photons %hich 
interact with a nucleus by pair production in
creases with increasing atomic number. 

As a beam of photons traverses matter, the 
scattering and absorption of photons by all proc
esses results in attenuation of the beam exponen
tially. This is expressed by the equation: 

I= I,,e- 1 (I 
where I is exposure ratc at a depth x 

I,, is exposure rate at zero depth
it is the attenuation coellicient 

. nThe vaithe u.o,'" .. ,,in c 'i 'Jen' d 

on the photon energy and the ahsorbing material. 
This coefficient may ie expressed in terms of 
thickness, as a linear attenuation cocllicient 
(cn-'). or as a mass attenuation coellicient 
(cm"'g) obtained by dividing the linear coeflicient 
by the der,-ity 1,of the absorbing nmiter:il. Table 
29-1 presents some of these values. More cx
tensive tables are available in reference (2). In 
maiter being traversed by a beam of clectromag
netic radiation, there is actually a higher intensity 
of photons at any point, particularly at great depth, 

TABLE 29-1
 
Mass Attenuation Coefficients
 

Photon energy Mass attenuation coefficient in cm"'g for 

MeV Aluminum Iron Lead Water Concrete 

0.01 26.3 173 133 5.18 26.9 

0.02 3.41 25.5 85.7 0.775 3.59 

0.05 0.369 1.94 '7.81 0.227 0.392 

0.1 0.171 0.370 5.40 0.171 0.179 

0.5 0.0844 0.0846 0.161 0.0968 0.087 

1.0 0.0613 0.0599 0.0708 0.0707 0.0637 

5.0 0.0284 0.0314 0.0424 0.0303 0.0290 
10.0 0.0231 0.0298 0.0484 0.0222 0.0231 

Reprinted from "Radiological Health Handbook". U.S. DIIEW, t'uhlic Health Service, 1970. 
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Dose Buildup Factor (B) forI a Point Isotropic Source 

material 'MeVMea. .1 2 4 7 IQ 15 20 

Water 0.255 3.09 7.14 23.0 72.9 166 456 982 
'0.5 2.52 5.14 14.3 38.8 77.6 178 334 
1.0 2.13 3.71 7.68 16.2 27.1 50.4 82.2 
2.0 1.83 2.77 4.88 8.46 12.4 19.5 27.7 
3.0 1.69 2.42 3.91 6.23 8.63 12.8 17.0 
4.0 1.58 2.17 3.34 5.13 6.94 9.97 12.9 
6.0 1.46 1.91 2.76 3.99 5.18 7.09 8.85 
8.0 1.38 1.74 2.40 3.34 4.25 5.66 6.95 

10.0 1.33 1.63 2.19 2.97 3.72 4.90 5.98 

Aluminum. 0.5 2.37 4.24 9.47 21.5 38.9 80.8 141 
1.0 2.02 3.31 6.57 13.1 21.2 37.9 58.5 
2.0 1.75 2.61 4.62 8.05 11.9 18.7 26.3 
3.0 1.64 2.32 3.78 6.14 8.65 13.0 17.7 
4.0 1.53 2.08 3.22 5.01 6.88 10.1 13.4 
6.0 1.42 1.85 2.70 4.06 5.49 7.97 10.4 

'8.0 1.34 1.68 2.37 3.45 4.58 6.56 8.52 
10.0 1.28 1.55 2.12 3.01 3.96 5.63 7.32 

Iron 0.5 1.98 3.09 5.98 11.7 19.2 35.4 55.6 
1.0 1.87 2.89 5.39 10.2 16.2 28.3 42.7 
2.0 1.76 2.43 4.13 7.25 10.9 17.b 25.1 
3.0 1.55 2.15 3.51 5.85 8.51 13.5 19.1 
4.0 1.45 1.94 3.03 4.91 7.11 11.2 16.0 
6.0 1.34 1.72 2.58 4.14 .6.02 9.89 14.7 
8.0 1.27 1.56 2.23 3.49 5.07 8.50 13.0 

10.0 1.20 1.42 1.95 2.99 4.35 7.54 12.4 

Lead 0.5 1.24 1.42 1.69 2.00 2.27 2.65 (2.73) 
1.0 1.37 1.69 2.26 3.02 3.74 4.81 5.86 
2.0 1.39 1.76 2.51 3.66 4.84 6.87 9.00 
3.0 1.34 1.68 2.43 2.75 5.30 8.44 12.3 
4.0 1.27 1.56 2.25 3.61 5.44 9.80 16.3 
5.1097 1.21 1.46 2.08 3.44 5.55 11.7 23.6 
6.0 1.18 1.40 1.97 3.34 5.69 13.8 32.7 
8.0 1.14 1.30 1.74 2.89 5.07 14.1 44.6 

10.0 1.1! 1.23 1.58 2.52 4.34 12.5 39.2 

*•tx-mas absorption coefficient (itfp) x shield thickness (cm) Xshilcd density (g/cm'). 

NOTE: For concrete use an average of aluminum and iron: eg., B(con")k [Btiron) + B(AIJI +2. 
Reprinted from "Radiological Health Handbook", U.S. DHEW, Public Health Service. 1970. 

than would be predicted solely by attenuation ually necessary to consider this buildup factor. 
(equation I) because of the presence of x rays Since absorption of energy is the physical 
and secondary or scattered photons. This increase quantity used in specifying absorbed dose, a mass 
in exposure rate, called buildup (B). is not easily energy absorption coefficient similar to the atten
calculated. It can be included as a factor B in uation coefficicnt is useful. 
the attenuation equation =1--Bl,,e' and tabu- Table 29-3 presents sonic of these values. More 
lated values of B for one set of conditions is shown extensive tables will be found in Physical Aspects 
In Table 29-2. Additional values appear in ref- of Irradiation.' 
erence (2). To assure proper accuracy,.it is us
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TABLE 29-3 

Mass Energy-absorption Coefficients 


Photon Mass energy-absorption coefficient 
energy in cml/g for e 
MeV Water Air Bone Muscle 

0.01 4.89 4.66 19.0 4.96 
0.02 0.523 0.516 2.51 0.544 

0.05 0.0394 0.0384 0.158 0.040 ) 

0.1 0.0252 0.0231 0.0368 0.0252 

0.5 0.0330 0.0297 0.0316 0.0327 
1.0 0.0311 0.0280 0.0297 0.0308 

5.0 0.0190 0.0173 0.0186 0.0188 

10.0 0.0155 0.0144 0.0159 0.0154 
Reprinted from "Radiological Health Handbook", U.S.DHEW,Public Health Service, 1970. 


Shielding of radiation sources is commonly 
provided to reduce the exposure rate in occupied 
areas. For economy, the shield should be as close 
as possible to the radiation source. For discrete 
energies, the attenuation by a shield can be calcu-
lated from the attenuation equation, including
buildup. In practice, extensive data on attenua-
tion (or transmission), presented in graphic form, 
is available and used for shielding calculations, 
This data is presented in a variety of ways and 
selection of the most useful fomii will simplify 

ex-
shielding calculations. Because attenuation is 
ponential, the thickness of a "half-value layer" 
(HVL) for difTerent shielding materials is a com-
mon and convenient form to present such data. 
A shield thickness of 2 IIVL reduces exposure 
rate by a factor of 4. 3 HVL by a factor of 8,etc. 
Table 29-4 presents such data for the gamma 
radiation from several radionuclides. as well as 
their specific gamma ray constants (exposure rate 
constants). The latter are useful in determining 
exposure rate at varying distances, in air, from, a, 
point source using the inverse square relationship 
between exposure rate and ditance from the 
source. Additional values are included in refer-
ence (2). Comprehensive shielding data for x 
rays appear in Sajety Standard Jor NoI-inlCdical 
X-ray and Sealed Gamma-ray Sourr-ev, and Nfeli-
cal X-ray anul Ganmmna-rav Proection for Energies 
up to 10 MeV., 
Particulate Radiation 

Beta radiation is emitted by a large percentage 
of the radionuclides, frequently accompanied by 
x or gamma radiation. Each nuclide. %khich dccays
by beta particle emiksion. emits beta particles 
having a maximum energy characteristic of that 
nuclide along with many other particles of lower 
energy. The average of these energies is much 
less than the maximum and for different nuclides 
the ratios of maximum to average span a wide 
range of values. For different nuclides. the rance 
of maximum ener.ies is front :a few keV to slightly 
over 4 MeV. In contrast to electromagnetic radi-

-

ation which is attenuated exponentially, beta radi
ation has a definite range as it traverses matter, 
the maximum being determined by its energy and 
the density of the material. if this distance is 
divided by density, a graph showing range in 
mg/cm- versus energy in MeV is applicable to 
all materials. Values for a given energy from the 
graph in Figure 29-1. divided by the density of 
the material being traversed (mg/cm:'), gives the 
thickness of that material (cm) which will com
pletely stop that beta radiation. It should be 
noted that complete shielding for beta radiation is 
provided by reasonable thicknesses of commonly 
available materials. Correspondingly, measuring 
instruments must be selected which will not sig
nificantly impede the beta radiation, this being of 
particular importance at low energies. As beta 
radiation traverses matter, the electrons occasion

to produce electromagally interact in a mannernetic radiation (brcnsstrahlung), the amount of 
this radiation increasing as the beta energy andatomic number of the absorber increase. 

Alpha radiation is emitted primarily by the
heavier radionuclides. The alpha particles are 
emitted at a specific energy characteristic of each 
nuclide. The energy range of these alpha particles
from the different nuclides is predominantly he
tween 4 and 8 MeV. Alpha radiation, like beta, 
has a definite range in the materials it traverses. 
The distances traversed, however, arc much 
shorter than for beta. The horny layer of the skin 

tcompletely s ops alpha radiation and air stops it 
in a few centimeters. Figure 29-2 is a graph show
ing the .ange i,,a , for diffrernt ercrgy i!ph.
particles. 

Although neutrons are not emitted by radio
nuclides other than by a few that fission spontan
eously, there are several types of radioactive neu
tron sources available and in use. Of course, 
neutron radiation exists around the core of any 
nuclear reactor and it will be produced in the event 
of an accidental nuclear criticality incident. The 
radioactive neutron sources are sealed sources, 
normally of relatively small size. Their neutrons 
are produced by interactions of alpha or gamma 
radiation with nuclei of appropriate materials 
(target materials). Alpha emitting radionuclides 
having a high specific activity are mixcd with or 
alloyed with the target mte'rial; and in sources 
using ganna interactions, the target material usu
ally surrounds the radiOanuclide. "he~e sources 
emit neutrons %.itha maximmi energy character
istic of the radionuclide and target material; and 
many more neutrons at lower energies, with a dis
tinctive energy spectrum. Characteristics of some 
radioactive neutron sources are sho%%n in Table 
29-5. \W ien ncutron ra;diation traverses matter it 
is attenuated by and scattering.elht,,ticinelastic 

capture. and ind.uced nucl reactions.
Nar The Cx
tent of these processes depends both on the energy 
(or energy spectrum) of the radiation and the 
specific nuclides in the matter being traversed. 
Moderation (slowing down) of the neutrmns by
elastic collisions progressively changes the energy 
spectrum. The probability of these interactions 
taking place is specified in terms of cross-sections. 
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Figure 29-2. Aloha Particle Energy Range Curve. 
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with their area expressed in units of barns (I 
barn= 10 -2cnt'). These various interactions re-
sult in the production of secondary radiations, 
particularly gamma rays, which must always be 
considered when neutron radiation is present. The 
complexities of neutron interactions with matter 
do not permit adequate treatment of energy ab-
sorption and shielding here (see Protection Igainst
Neutron Radiation).' 
Dosimetry 

Dosimetry involves the evaluation of radiation, 

often complex as to its nature, energy, direction 
and quantity, in terms related to its efTcct on bio-, 
logical systems or other matter. Theoretically, it 
would seem that measurements could be made to 
completely describe the radiation field itself at 
any point of interest including time variations. 
and from this, the dose or other quantity of in
terest determined. In practice. however, measure
ments are made at the place of interest in a man
ner which relates the measurement directly to the 
quality of interest - usually absorbed dose or 

TABLE 29-4
 
Data for Gamma-Ray Sources
 

Atom-
ic 

Num- Half 
Radioisotope ber Life 

Cesium-137 55 c27 y 

Cobalt-60 27 5.24 y 

Gold-198 79 2.7 d 

Iridium-192 77 74d 

Radium-226 38 1622 y 

Gamma 
Energy 

MeV 

0.66 

1.17, 1.33 

0.41 

0.13 to 1.06 

0.047 to 2.4 

T tSpecific 
Half-Value Tenth-Vale Gamma-

Layer" Layer G Ray 
Cone. Steel Lead Cone. Steel Lead Constant 

in in cm in in cm R cm" m 

Ci-h" 

1.9 0.64 0.65 6.2 2.1 2.1 3.2 

2.6 0.82 1.20 8.2 2.7 4.0 13.0 

1.6 - 0.33 5.3 - 1.1 2.32 

1.7 0.50 0.60 5.8 1.7 2.0 5.0" 

2.7 0.88 1.66 9.2 2.9 5.5 8.25d 

Reprinted with permission of National Council on Radiation Protection and Measurements from "NCRP Report No. 
i". (j a'l) w.n,,h;n,,n plr. 
B Approximate values obtained with large attenuation. 
bThese values assume that gamma absorption in the source is negligible. Value is R/millicurie.hour at 1 cm can 

be converted to R/Ci-h at 1 meter by multiplying the number in this column by 0.10. 
C This value is uncertain.
 
dThis value assumes that the source is scaled within a 0.5 mm thick platinum capsule, with units of R/mgh at I cm.
 

TABLE 29-5 

Data for Neutron Sources 


Max. Avg. Yield 
neutron neutronn/sec. x 
energy energy 10-"/

Source Half-life MeV MeV curie 

21ij-no 138.4 d 10.8 4.3 2.5 
Ra DEF-Be 19.4 y 10.8 4.5 2.5 

226n,,ne 1622 y 13.2 3.6 15 
24,400 y 10.6 4.5 2.0

239__._. __24,400 __y_10.6 _4.5 _2.0 

Reprinted from NBS Handbook 85-196, National Bureau 
of Standards, Washington, D.C. 

dose equivalent. To the maximum liossible extent, 
there is a summation of the quantities of interest, 
Furthermore, due to t',e complexity of any bio-
logical response to irradiation by various types 
and quantities of radiation, as well as their meas-
urcment, it is customary to utilize environmental 
measurements for radiation protection purposes, 
with precise determinations of dose and dose dis-
tribution in biological systems limited to situations 
of special interest - usually abnormal exposures. 

Thus, dose-limiting recommendations, although 
specified in terms of dose equivalent in the body, 
are commonly evaluated by strictly environmental 
measurements. 

There are a variety of detectors, with asso
ciated readout devices which are used for radia
tion monitoring or measurement. The most im
portant are: Geiger-MUller (GM) tubes, ioniza
tion chambers, proportional counters, luminescent 
detectors, scintillation detectors, photographic
emulsions, chemical reaction detectors, induced 
radiation detectors and fissionable materials. None 
are universally applicable and selection of the most 
appropriate detector or detectors for each radia
tion measurement (or type of measurement) be
comes a matter of great importance. These detec

tors, with associated readout equipment, are used 
to perform two distinctly separate functions - to 
measure the radiation in the environment (moni
toring or surveying); and to determine the activity 
or kind of radionuclide, or both. insolids or fluids, 
commonly samples from a larger quantity of ma
terial (analysis). 

G-M tubes detect ionizing events which take 
place within their sensitive volume, each event 
causing an output voltage pulse. These pulses 
may be counted or summed in various ways, usu
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ally to give a count rate (counts per minute, cpm). 
Two types of G-M. survey meters are in common 
use. One uses a cylindrical tube encased in a pro-. 
tective metal shield with an opening on one side 
over which various absorbers can be placed. The 
other has the opening at one end of the cylinder 
where the tube has a very thin "window.' The 
output (cpm) is not proportional to exposure or 
absorbed dose rate for different types and energy , 
of the radiation. Although scales on surve.y meters 
are frequently marked "R per hour," these values-
are only true for the calibrating radiation. Sig-
nificant errors can occur from use where the radia-
tion is different than the calibra'ing radiation. 
When G-M tubes are used for analysis, proper 
calibration is likewise essential. * 

Ionization. (ion) chambers are commonly used 
to measure dose or dose rate (or exposure or ex-
posure rate) from beta, gamma and x radiation. 
Ions formed by the radiation passing through a 
selected gas in a chamber are measured either by 
applying voltage continuously with measurement 
of the extremely low current flow or by using the 
chamber as a condenser which is first charged, 
then exposed to the r;,diation and the amount of 
discharge determined. The chamber walls, inter-
nal components and gas filling are usually either 
air equivalent or tissue equivalent. 

Proportional counters usually consist of a gas 
filled cylinder (chamber) containing a central 
wire to which a potential is applied. The potential 
is selected so that the output voltage signals are 
proportional to the energy released by the radia-
tion causing the ionization events in the chamber. 
This permits selective measurement ot aitferent 
radiations. These counters are commonly used to 
measure alpha or neutron radiation. The gas in 
the chamber may be either static or flowing. They 
may be used as survey meters or for analysis. in-
cluding spectrometric analysis (measurement of 
radiation intensity as a function of energy). The 
alpha survey neters have a very thin "window" 
to minimize absorption of the radiation, 

Luminescent detectors are solids in which 
energy changes produced by radiation are stored 
so that subsequent processing will cause them to 
emit a quantity of light proportional to the energy 
change. Com:only used materials are inetaphos-
phate glass and calcium or lithium fluoride. The 
glass is processed by irradiation with ultraviolet 
and the fluorides by heating. The latter, called 
thermoluminescent dosimeters crI.I)). are find-
ing many uses because of good sensitivity with 
small pieces. They ,-re used for personnel moni-
toring, including neutron exposure evaluation, 

Scintillation detectors use the phenomenon of 
light production due to interaction of radiation 
with crystals or other phosphors (solid, liquid or 
gas). Light pulses from the scintillator Z:e meas-
ured with a photomultiplier tube and its aso-
ciated electronic equipment. Since the light out-
put and in turn the electrical signal is proportional 
to the radiation energy absorbed in the scintillator, 
these devices find a wide variety of uses. They are 
used as survey meters and for analysis, including 
spectrometric analysis. 

Radiation produces a latent image in photo-, 
graphic emulsions, resulting in darkening of the. 
film when developed by usual techniques. Two 
general types of film are used, one in which the 
radiation (beta, gamma, x ray) produces a gen-. 
eral blackening, and the other in which small 
tracks are produced by charged particles, usu
ally protons from fast or thermal neutron inter
actions in the film. The blackening due to gamma 
and x rays is not proportional to air or tissue 
absorbed dose at different energies, and various 
absorbers are placed adjacent to the film to mini
mize this aberration. Blackening due inho-!? rad
ation varies a small amount with energy. A major 
use of film for dosimetry has been in personnel 
monitoring badges. Using both shielded and un
shielded sections permits measurement of beta as 
well as gamma and x rays. 

Chemical reaction detectors are systems in 
which radiation produces a chemical change in a 
material in such a manner that a chemical analysis 
or indicator will measure the amount of change. 
An example is a system using a chlorinated hydro
carbon, such as chloroform, with water and itdye 
indicator to measure the acid formed due to ir
radiation. These detectors are not used extensively 
because of their low sensitivity. 

Induced radiation detectors are materials in 
which the radiation interacts to form radionuclides 
whose radiation can be measured. They are par
ticularly useful for detecting or measuring neutron 
radiation. A typical example is the use of indium 
foil for detection of neutron radiation exposures. 
Proper selection of foil materials permits evalua
tion of a neutron energy .peLtIum. Fissionable, 
materials also are useful for neutron radiation 
detection and measurement. 

CATEGORIES OF RADIATION EXPOSURE 
Nauiral Radiation 

Individuals continually receive a dose from 
natural radiation that conies both from sources 
external to the body and from naturally occurring 
radionuclides dposited within the body. The ex
ternal sources are primarily cosmic radiation and 
gamma radiation from materials naturally present 
in the ground and in building materials. From 
foods, drinking water and in the air. several radio
nuclides are deposited in the body including uran
iuii and its decay products, thorium and its decay 
products. radiopotassiumn and radiocarbon. Nat
ural radiation in the United States results itan 
estimated averace annual dose equivalent to in
dividuals of about 125imren ( 100 mrem external 
and 25 mrcm internal). It is unlikely to be less 
than 100 mrcm for any individual and unlikely to 
be more than 400 mrem for any significant num
ber of people." 
Environniental Rndiation 

In addition to n:tural radiation, environmental 
radiation from man-made sources adds a small 
increment of dose to the population generally. 
This dose comes from a wide variety and type of 
sources including: fallout from nuclear weapons 
testing; effluents from nuclear and other facilities 
processing or using radionuclides; luminous dial 
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clocks oi Watches and signs; and electronic de-
vices, such as television sets, using high voltages.
The average annual dose equivalent to the popu-
lation from these sources is estimated to be only 
a few percent of natural radiation, probably about 
five or six mrem per person per year. 
Medical Irradiation 

The planned exposure of patients to radiation 
is a category which involves a large percentage of 
the general population. Occupational exposures 
received incidentally by physicians and sufiporting 
staff are not considered part of this exposure cate-
gory. Diagnostic and therapeutic procedures in-
volve external irradiation with beta, gamma or x 
radiation, internal irradiation from ingested or 
injected radionuclides, and irradiation from ira-
planted sealed sources. Doses to individuals vary 
over an extremely wide range but usually involve 
only partial body irradiation. Average annual 
dose equivalent to the population members from 
these sources has been estimated to be between 
50 and 70 nirem per year.'" Ordinarily, medical 
and occupational exposures are considered separ-
ately. With the exception of a high dose due to an 
occupational accident, necessary medical expos-
ures are not restricted because of occupational 
exposures. 
Occupational Irradiation 

Occupational radiation exposures arise from 
practically every type of radiation and radiation 
source. The major group, of occupationally ex-
posed personnet are medical or para-medical 
workers and workers in the expanding nuclear 
energy programs. However, there are many ex-
posures to radiation or radioactive materials 
throughout industry, in underground mining, and 
in many types of research. -On the basis of occu-
pational radiation exposure records of the U. S. 
Atomic Energy Commission and its contractors 
for 1967. the average annual occupational expos-
ure is estimated at about 500 nirem per person 
to 100,000 adults (95% of them received less 
than I rem each)."' Assuming a similar dose 
to other workers, the estimated average annual 
dose equivalent to the population members is a 
fraction of a millirem per year. 

BIOLOGICAL ASPECTS OF IRRADIATION 
Somatic and Genetic Effects 

Irradiation of humans produces two typ,:s of 
effect - somatic and genetic. The somatic effect 
is the effect on tissues, organs or whole body. 
Independent of any somatic effect, irradiation of 
the gonad, may cause genetic effects since muta-tions, which are caused by heritable changes in 
the germ plasm, may occur. Of course, only the 
irradiation prior to conception can have this in-
fluence. 

Somatic effects vary over a wide range 
from rapid death due to short term whole body 
exposures of 10.000 Roentgens or greater to slight 
reddening of the skin due to minimal exposure.

Effects. including those of particular concern 
-neoplasms, cataracts and life shortening-may
also be delayed for long periods. Withih the body, 

cells react with varying degrees of sensitivity. Tis
sues also respond dilferently, depending on dose 
equivalent rate. l)ose fractionation has an amel
:orating effect and there is repair of tissues and 
organs when time permits and the change is not 
irreversible. Partial body irradiation has much 
less effect than w"hole body irradiation. Age is a 
signifeant factor; for a given dose many efleets 
are less as ace increases. For equal absorbed 
doses, different types (and energies) of radiation 
do not produce the same degree of response. 

In the study of biological effects, the variation 
due to different kinds of radiation is referred to 
as "relative biological cl'ectivene,%" (IRE ) 
the ratio of absoibed doses that produce equal
effect, with cobalt-60 gamma rays or 200-250 
kV x rays used as the reference. This ratio is 
retlected indirectly in the quality factor used in 
radiation protection practice. Those soratic ef
fects (e.g., neoplasms) that are delayed for long
periods of time may occur only in a small fraction 
of the exposed individuals - the probability of 
the effect occurring increasing with increased dose 
equivalent. 

Genetic effects are of general concern because 
radiation-induced mutations are added to the 
"load" of defective genes present in the popula
tion. Because of the presence of defective genes 
in all members of the population, it is not possible 
to idenify an abnormality in an oflspring with 
possible n'utations caused by irradiation of the 
txrcn:. "h:.. ga:: e:s relate to po-uan 
groups. not individu,:,ls. 1Because of this. the radia
tion exposure to the entire population group is the 
matter of primary concern, and the genetically 
significant dose (GSD) has been established as a 
measure of this population exposure. Further
more only gonadal exposures during the reproduc
tive period of a lifetime have an influence. Thus. 
the age at which radiation exposures occur. as 
well as the dose equivalent, is of primc concern 
in relation to genetic eflects. 
Acute and Chronic Exposures

Practically all occupational irradiation involves 
chronic exposures, i.e.. small weekly doses (e.g., 
<100 mrem) occurring over many months and 
years. Occasionally. due to an accident, an acute exposure may occur, i.e., a high dose (e.g., >25 
rem) in a period of a day or less. Somatic re
sponse to acute exposure is diflerent from and 
greater than that for an equal chronic exposure. In 
a lifetime of occupational exposure without any 
observable effect, an individual's total dose can be 
large enough so that an equ:il dose given in a fewhours would be scriously disablin or fal. Effects 
of acute exposures may be early, ielayed or secon
dary. and late. Early effects as a result of an 
acute whole body exposure are shown in Table 
29-6. There is less effect for partial body expo
sures. Delayed effects may occur sonic time after 
the early J-4ecot have been ancli irted. the extent 
(lepending on the dose. In addilin to possible 
loss of hair, one such effect of peneral concern 
(often misunderstood) is sterility. Permanent 
sterility occurs only with absorbed doses to the 
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TABLE 29-6 
Regreentditive Dose-effect Relationships

rManfor Whole Bodylrradiation 

n Msometimes 

Representative 
absorbed dose 

of whole body 

x or gamma 
Nature of Effect "adiation (rads) 

Minimal dose detectable by chro- 5-25 
mosome analysis or other spe-
cialized analyses, but not by 
hemogram 

Minimal acute dose readily de- 50-75 
tectablc in a specific individual . 
(e.g., one who presents him-
self as a possible exposure case) 

Minimal acute dose likely to pro- 75-125 
duce vomiting in about 10% 
of people so exposed 

Acute dose likely to produce tran- 150-200 
sient disability and clear hema-
tological changes in a majority 
tofeoi chanepsed mjoactivei 
of people so exposcd, 

Median IcthIal dose for single short 300 
exposure 

The dose entries in this table hould be taken 
as representative compromises only of a surpris-
ingly variable range of values that would be of-
icicd by wcll-quailifid obscr','Lr. as.kcd to com-
plete the right hand column. This comes about 
in part because whole body irradiation is not a 
uniquely definable entity. Mid-line absorbed doses 
are used. The data are a mixed derivative of cx-
pcrience from radiation therapy (often associated 
with "free-air" exposure dosimetry), and a few 
nuclear industry accident cases (often with more 
ipto date dosimctry). Also, the interpretation of 

such qualitative terms as "readily detectable" is a 
function of the conservatism of the reporter. 
Reprinted with permission of National Council on Radi-
ation Protection. from "NCRP Report No. 39" (1971)
Wmhington. D.C. 

gonads of 500-600 rads of x or gamma radiation; 
and a single dose of 50 rads may induce brief 
temporary sterility in many men and sonic 
wonen." Late effects the result (if cx-as acute 
posure. such as leukemia, may occur many years 
after cxposure. their prohability increasing as dose 
increases. Front chronic exposures, there are no 
secondary or dlayed effects and the possibility of 
late ellects is ininail. If chronic occupational 
doses arc wiihii the NCRP dose liniting recoin-
mendations. the probability of any late effect is 
so small that it has not been possib lc to establish 
clearly whether any such somatic effect exists. 
Internal and External Radiation Sources 

External radiation sources. i.e., those sources 
which are located external to tile body, present an 
entirely different set of conditions than radionu-
clides which have gained entrance to the body 

with their attendant continuous irradiation of the 
cells and tissues in which they exist. Such radio
nuclides are called internal radiation sources

intcrnal emitters. 

Entry of internal radiation sources into the 
body during occupational exposures is principally 
from breathing air containing particulate or gas
eous radionuclides, although ingestion may be a 
significant mode. Absorption through the skin 
is significant for some compounds of a few radio
nuclides, particularly tritiuni; and implantation 
under the skin' may occur as the result of acci
dental skin puncture or laceration. Once inside 
the body, radionuclides are absorbed, metabolized 

and distributed throughout tie tissues and organs 
acording to the chemical properties of the ele
ments and compounds in which they exist. Their 
effects on organs or tissues depends on the type 
and energy of the radiation and residence time. 
Both radioactive decay and biological climina
tion remove radionuclides from the body and its 
organs, these removal rates frequently being ex
pressed as half-lives. The net rate is designated 
as the "eP''ctive half-life." While metabolically
similar, the degree of effect from different radio

isotopes of the same element will vary ac
cording to the type and energy of the radiation 

they emit and their radioactive half-life. Acute or 
early effects do not occur from internal radiation 
sources, with the possible exception of a very 
large intake of certain radionuclides. 

While radiation measurements can be made in 
the environment of wkrorkers which characterize 

l ttheir dose 0 i,'di en fronii extv'rnal radiation 
sources, no comparable environmental radiation 
measurement will reveal dose equivalent from ex
posurcs to internal radiation sources. Instead. 
evaluation (and control) is based on activity con
centrations in air or water, a specific relation be
tween these concentrations ond the resulling dose 
equivalents for each radionuclide having been de
termined from human experience when available, 
or from calculations. Thus. practical dose-limiting 
recomnmendations are expre.ssed in terms of maxi
mum permissible concentrations (MPC) for in
halcd or ingested radionuclides.' A similar con
cept is expressed as a Radioactivity Concentration 
Guide (RCG) by the Federal Radiation Coun
cil. 1 For essctially insoluble gases producing beta 
or gamma radiation, such as the inert gases argon 
and krypton. the aniotint (if the radiontclidle that 
becomes an internal radiat ,'a ,ource is so snall 
that the external irradiation from an infinite cloud 
surrounding the individual \ill produce the greater, 
(lose equivalent. 

The ef'ect front extcrnl: r;idiation sormces de
liends oil the p-unetriiin, ,uhilitv of the palticular 
'adiAtiiOn. '1lt',. alpihNa, rad a( jot is of no concernt 
ex\ternallv. and etia is snopl'cd in the outer lissues. 
the depthi depending on encrg y. Very low energy 
x or gaimma radiation is atcnu'ateu quite rapidly. 

The efTect of radiation ott any organ or tissue 
is dependent on the total dose equivalent from 
both internal and external radiation sources. Thus, 
the total dose equivalent must be considered when 
comparisons with the MIPD are made. Theoretic
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ally, it should be possible to sum these separate 
dose equivalents but in practice such quantitation 
is difficult, if not impossible. Therefore, it is cus-
tomary to use the two different dose-limiting rec-
ommendtions conservatively. 
Critical Organs and Tissues 

The various tissues and organs of the body 
are not affected equally by equal irradiation, 
Their responses vary considerably and for radia-
tion protection purposes it is essential that dose 
equivalent to the most sensitive organs essential 
to well being be given primary consideration. For 
uniform whole body irradiation, the blood form-
ing organs (red bone marrow), the lens of the 
eye, and the gonads are more susceptible to sig-
nificant ellects and these are designated as "crit-
ical organs." Of course, f'or individuals past re-
productive age the gonads are not a critical organ. 
For those internal radiation sources that do not 
irradiate the body uniformly the distribution and 
metabolic pattern for each radionuclide will de-
termine which organs and tissues receive the 
larger (lose. Again, for radiation protection pur-
poses, any essential organ or tissue which is likely 
to be afl'ccted the most by the radiation from in-
ternal radiation sources is of primary concern and 
these are also designated as critical organs. These 
critical organs (and tissues), sometimes desig-
nated as limiting organs. are: lung. GI tract, bone. 
muscle, fatty tissue, thyroid. kidney. spleen, pan- 
creas and prostate. 

Tile total activity (curies) of a radionuctae 
in the body is designated as the "body burden." 
Distribution may be inhonogcneous. with a large 
fraction in one or more organs or tissues. While 
the activity in the crititcal organ i%the limiting 
factor, the body burden corresponding to the 
MPD for the critical organ indicates the total ac-
tivity that should be present in the entire body. 
It is designated as the maximum permissible body 
burden. 

RAIIATION PROTF.CTIONCONSIDERATIONS 

Occupalional and Public Exposures 
Occupational radiation exposures involve a 

select age group of healthy individuals. Their ex-
posures occur for periods not exceeding approxi-
mately eight hours per day and 250 days per year. 
This group is a very small portion of the general
population and they are trained in radiation pro-
tection practices. In contrast, the general popula-
tion necessarily includes the unborn, the very 
young, the sick or disabled; and their exposures 
can be continuous - 24 hours per day, 365 days 
per year. For these, and other reasons, dose-
limiting recommendations for the general popu-
lation are set at lower limits than for occupational 
exposure, commonly by a factor of 10 or greater. 
Dose-limitiag recommendations applicable to the 
public are designated frequently as "dose limits." 
those for occupational exposure as "maximum 
permissible dose equivalent (MPD)." The Fed-
eral Radiation Council designates both as RPG's. 
Only those individuals whose duties involve ex-

-

posure to radiation should be classed as "occupa
tionally exposed" and their training in radiation 
-protection should be assured. 
Dose Assessment 

To accurately determine the true dose equiva
lent to the critical organs of all occupationally 
exposed individuals is a desirable objective % hich 
in practice becomes impractical, if not iipossible. 
Activities in the workplace aie vaiied in space 
and time. the energy and frequently the type of 
radiation varies, parts of the body being irradiated 
change with time, irradiation may occur from both 
internal and external radiation sources, and incas
urement devices have varying derCees of accuracy. 
Environmental measurements, however, can be 
made in a manner such that they provide a con
servative evaluation of the dose etluivalent to the 
critical oroans and in turn as.s.ure that dose-limit
ing recommendations are not exceeded. This is 
accomplished by a combination of radiation sur
veys, area monitoring and personnel monitoring. 
If radiation surveys or other adequate data indi
cate that external irradiation will be less than one 
fourth of the applicable dose-limiting recommen
dation. personnel monitoring devices are '.t rec
ommended. Above this, suitably selected person
nel monitoring devices are required for evaluation 
of the radiation environment in %%hich the indiid
ual works. The lo,,e cquiv;lcnts indicated by 
these are normally conserv;livc with respect to 
any critical organ do,,e equivalent, and for gcn
eral control purposes their readings can be corn
paled to the ;applicablh l sc-li recommentinitg 

dation. Personnel monitoring deviccs :re nor
really worn on the trunk of the body. but for sonic 
types of work they re required on extremities. 
particularly Ilands and forearms, as well. The 
do,,e-limiting recommecndliations permit higher 
doses here. Possible (loscs from small beams not 
intercepted by persmnnel monitoring devices must 
be evaluated by olher means. 

For enoosures to airborne radioactive ma
terials. :lie .activity concentration in the breathingzone of the worker. averaged over at 40-hour 
weekly period. is collpared %lil ihe tabulated 
values of nlaxinul permissible concentrations 
(MPC) for the radionuclides of concern (see page 
390). These concentrations, if breathed 40 hours 
per week indleinitely, will produtce idose equiva
lent in the critical organ equal i the dose-limiting
recommendation. 

If a valid determination of total (lose equiva
lent to the whole body, the parts of the body. or 
the critical organ is required. such as after an 
abnormal exposre or to establish a monitoring 
pro r e,cx d eailed e tali.ha onito r 
procedure, a detailed ,evalution onbased all per
tinent data should be mdl. 

To convert absos bed dose to dose equivalent, 
the rounded piactical values of the quality factor 
in T;ble 29-7 may be used. Methods of cacullt
ing a quality factor are (escribed in reference (It). 
If neutron flux density and energy are measured 
or known, the (lose equivalents may be found in 
Table 29-8. 
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TABLE 29-7 

Practical OualityFactors 


Radiation Type 

Rounded 

OF .
 
X 	rays,%gamma rays, electrons or post- 1 

trons, Energy >0.03 MeV 
Electrons or positrons, Energy <0.03.' 1 

MeV 
3Neutrons, Energy <10 keV 

Neutrons, Energy >10 keV 10 
10Protons 

Alpha particles 20 

Fission fragments, recoil nuclei 20 

TABLE 29-8 

Mean quality factors, OF'. and values of neutron 


flux density which in a period of 40 hours 

results in a maximum dose equivalent 

of 100 mrem. 

OF NeutronNeutron Energy 
Flux Density 

2MeV 	 cm- s-1 

2.5 X 10- (thirmal) 2 •680 

IX 10-1 2 680 

IX10-' 560 


"
 1X 10 1 2 560 
"I X 10 2 580 

1X 10-s 2 680 
" 2.5 700IX10 1 

IX 10-1" 7.5 115
5X 10-1. 1 27(300 
51 11 27 
1 9 20 
2.5 	 9 20 
5 8 16 
7 7 17 

10 6.5 	 17 
14 	 7.5 12 

120 	 8 
40 7 	 10 

60 	 5.5 Ii 


IX 10' 4 14 

10 	 3.5 13 

3X 101 3.5 ii 
4X 10' 3.5 10 

'Maximum value of QT-in a .O.cin phantom. 
Tables 29.7 and 298 reprinted with permnission of Na. 

ulonal Council on Radiation Protection and Measure. 
ments. from "NCRIP Report No. 39" - (1971) Wash-
Ington, D.C. 

TABLE 29-9
 
NCRP Dose-limiting Recommendations
 

Maximum Permissible Dose Equivalent for Occu
pational Exposure 

Combined whole body occupational exposure 
Prospective annual 
limit 5 reins in any one year 
Retrospective 10-15 rcis inany 
annual limit one year 
Long term accumu
lation to age N 
years (N- 18) X5 rems 

Skin 15 rems in any one year 
Hands 	 75 rcms in any one year

(25,/qtr) 
Forearms 30 reins in any one year 

(10,'qtr) 
Other organs, tissues 15 reins in any one year 
and organ systems (5/qtr)
 
Fertile women (with 0.5 rem in gestation 
respect to fetus) period 

Dose Limits for the Public, or Occasionally Ex
posed Individuals 

Individual or 
occasional 0.5 rem in any one year 
Students 0.1 rem in any one year 

Population Dose Limits 
Genetic 0.17 rcm average per year 
Ju*.i, 	 1,. ,,,,r,.per yar 

Emergency Dose Limits-Life Saving 
Individual (older 
than 45 years 
ifpossible) 100 reins 
Hands and forearms 200 reins, additional 

reins total) 
Emergency Dose Limits-Less Urgent 

Individual 25 reins 
llands and forearms 100 rems, total 

lalily of Radioactive Patients 
Individual 
(under age 45) 0.5 rem in any one year 
!ndividua! 
(ocr age 45) 5 rcms in any one year 

Reprinted with permission of National Council on Radi
ation Protection and Mcasurements. from "NCRP Report 

Va hili
No. 39" (1971 1 ton, D.C. 

Ihe (lose to the %%hole body or to the critical 
or!;!s from int,:rn, ridiation snurces continues 
ais long as the radi.titclide is prescnt. When in
take is Stoppcd, dos decreascs with tile 11l' 


frequently exponentially. Where the effective half
life is long,. the total dose equivalent is rather 

large iii comparison to that produced during and 
shortly after the time of exposure. This total doseequivalent. integrated over a lifetime, is desig
eali i 
natei as the "lose cominitmnent." !tis useful in 
a number of dilferent lyles of evaluations. 



Dose-Limiting Recommendations 
The National Council on Radiation Protection 

and Measurements (NCRP) is generally recog-
nized as an authoritative source of radiation pro-
tection information, data and criteria in the United 
States. NCRP Report No. 3910 discusses radia-
tion protection criteria in detail and presents their 
dose-limiting recommendations, which are shown 
in Table 29-9. The NCRP comment on the occu-
pational limits is: "There will be occasions when 
the measured or estimated actual dose equivalent 
exceeds the prospective limit of 5 rcins in a year.
No deviation from sound protection is implied if. 
the retrospective dose equivalent does not exceed 
10 to 12 reins for dose increments well distributed 
over time or even 15 rems for exceptiomlly well-
distributed increments. Repetition of retrospective 
dose equivalents in excess of planned limits is 
controlled by the long-term occupational accumu-
lated dose equivalent." The NCRP recommenda-
tions serves as the basis for various regulations 
and standards in which interpretations are made 
according to specific needs. Regulations of states, 
U.S. Atomic Energy Commission and other gov-
ernmental agencies may not be the same as NCRP 
recommendations and must be consulted and used 
as applicable (see Chapter 9 and page 392). 

Similarly, NCRP has provided tabulated val-
ues of maximum permissible body burdens and 
maximum permissible concentrations of radionu-
clides in air and water for occupational exposures.
Some of these values are shown in Radiological 
Health Handbook.- I nc compiete taoulation is in 
NCRP Report No. 22'' and a similar tabulation. 
with the derivation data and methods, is in a re-
port of the International Commission on Radia-
tion Protection.'- The various regulations also 
contain such tabulations, usually including values 
applicable to the general public, 

IRRADIATION BY EXTERNAL 
RADIATION SOURCES 

Exposure Control 
A basic concept in radiation protection prac-

tice is the establishment of a "controlled area." 
Access to these areas must be controlled and 
within them supervision and control of occupa-
tional exposures is provided. Emergence of beams 
and escape of radioactive materials from these 
areas are also controlled. These areas are idcnti-
fled by use of the standard radiation symbol', with 
associated warning notices. This symbol, a pur-
pie trefoil on a yellow background, also identifies 
any radiation source. 

Since the useful beam of x-ray equipment may 
inflict a yeat's MPD in minutes or less, the design 
of industrial x-ray facilities must of necessity give 
proper consideration to the establishment of a 
suitably controlled area which will assure proper 
radiation protection for two groups of individuals 
-those who operate the equipment (occupation-
ally exposed) and those in the environs, either 
normally or casually (not occupatiomlly ex-
posed). Where possible, the x-ray equipment 
should be within a room or other enclosure ar-
ranged with controls outside and having interlocks 

to prevent entry when equipment is energized. 
Shielding can then be provided so that the cx
posure rate outside the enclosure will be low 
enough to insure that the applicable MPD or dose 
limit will not be exceeded. Small devices or in
struments using x rays. sucn as laboratory equip
ment, usually can be totally enclosed with ade
quate shielding, but accessibility to the inside of 
the shield requires special consideration (inter
locks. etc.). \Where work requites truly mobile or 
portable equipment, exposure time and distance 
from the equipment become the basic method for 
controlling exposure rates to values which will 
insure that no individual exceeds the applicable 
MPD or dose limit. Portable shielding can be an 
aid. American Naiionau Standard .54.1-1963
classilies x-ray and sealed gamma-ray source in
stallations into three types: exempt, enclosed and 
open. Shielding design and operational require
ments are given. Although intended for medical 
installations, Medical .-rav and GaImna-ray Pro
tection for Energies up to 10 MeV may provide 
useful data; shielding data is also presented in 
reference (2). For accelerators, American Na
tional Standard Radiological Safety in the Design 
and Operation of Particle Accelerators estab
lishes safety requirements. 

In addition to x-ray equipment, there may be 
other sources of x rays in industry, such as high 
voltage P> 10kV) electron tubes, which may re
quire shieldtoc or other Ineans of control to as
sure adequate radiation protection for workers (or 
the public). 

Gamma radiaton. usuallv from a sealed 
source, is used for a variety of purposes in indus
try. The larger sources produce beams compar
able in exposure rate to x-ray equipment. Detailed 
descriptions cannot be given here. but rather a 
few genernl considerations. Ganmia radiation can
not be turned off like x rays. This imposes a 
severe requirement on retention of the scaled 
source at a predetermined specilic location where 
exposure control is assured or within appropriate 
shielding at all times. Procedures and surveys 
must guarantee this control. The integrity of the 
encapsulation or bonded cover of the sealed source 
must be assured at all times to prevent release of 
the radioactive material into the environment 
where it could be dispersed and inhaled or in
gested. Periodic tests, such as smears of the 
sealed source or its container, should be made. 
Appropriate testing of radium sources is particu
larly important because any failure will- release 
radon gas which, with its daughters. can contain
inate the surrounding area. Exposure rates from 
sealed sources, in air, can be calculated from the 
specilic gamma-m'ay constant (see page 382). As an 
approximation, the gainila exposure rate (R hr) 
at I foot is 6CE, wherc C is the number of curies 
and E is the total energy per disintegration in 
MeV. As for x-ray installations, references (7) 
and (9) provide useful shielding information. 

Jieta radiation sorces, which arc frequently 
built into sonic piece of equipment such as a thick
ness gauge. must be shielded and arranged so that 
access to the beta radiation is prevented. Of par
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ticular concern is control of exposures during any 
maintenance procedures. Consideration must be 
given to any associaled gamma radiation; and to 
the bremsstrahlung exposure rate, particularly for 
sources of high activity and energy. To permit 
escape of the beta radiation, the encapsulating 
material must be relatively thin, at least over the 
useful area of the source. Damagle to this en-
capsulation will permit rclease of the radionuclide 
to the environmcnt where it can be dispersed and 
inhaled or ingested. 

Radioactive neutron sources are commonly 
small scaled sources of relatively substantial con-
struction. Yield of neutrons is proportional to the 
activity in the source. See page 385 for neutron 
source data. Consideration must be given to 
gamma radiation as well as neutron radiation from 
them. If the radionuclide in them is radium, the 
gamma dose equivalent rate is higher than that 
from neutrons and the possibility of radon leak-
age must be recognized. Leakage of any of the 
radionuclides used in these sources presents a 
hazard of considerable magnitude which necessi-
tates care in use and periodic testing. Commonly 
used shielding materials are concrete, polyethy-
lene. boronated polyethylene or boron in other 
materials such as aluminum. Shielding ind other 
useful data will be found in I'hy'sical Aspect.%of 
Irradiation" and Protection Against Neutron Radi-
ationfl. 

External radiation sources involve a wide va-
riety of equipment which cannot be described 

,,. D. t a- .cl'ul %,,;;Ibc found,rod , 
in Radiaion lvgiene Handbook.", 
Exposure Evaluation 

Applicable regulations (or NCRP recommen-
dations) established the time period during which 
specific dose equivalents may be given to workers. 
Currc-tly, most regulations permit a limit of I.25 
rem quarter indefinitely to the whole body, go-
nads. bloodforming organs and lens of the eve; 
or. for individuals %%hose previous raidiation his-
tory has been established, a linit of 3 rens 

quarter* with an overriding yearly limitation of 
5(N-18) renls. N being age in years. Separate 
quarterly amd usually y)early limits, with hiher 
values, are specified for extremnties ad skin. 
Exposure evaluations therefore must he related 
to these time periods, no matter whcilher lleas-

ulreilletlts are la(C in rents (ir R) per hour, 
per day. per week or per month. Administrafively, 
daily or weekly limits are frequently used for 
general control. 

The evahiations to establish dose equivalent 
from external rali:tion sources are icconlishcd 
by conducting radiation sur~eys aidll monitoring 
tie enviaonlnent in which the indiiduals S\\ork.
"The radiation survey establishes the parameters
that must be measured and depicts w thter occa-

sional or essentially continuous surveillance with 
measuring instruments is required. Proper instru-
ments must be selected for the survey so that all 
possible types and energies of the raiation will 

be measured with reasonable accuracy. A wide 

*This was a former NIP recomnicnidation. 

selcction of instruments is available commer
cially" "-'" but caution must be exercised to be 
certain their specified capability will fulfill the 
required needs. A comprehensive discussion of 
instrumentation is in Radiation Protection Instru
mentation and Its Application." Proper calibra
tion for the radiation to be measured is essential. 
The higher the instantaneous dose rates or poten
tial dose rates in the work area and the greater 
the complexity of the operations, the greater the 
need for continuous or frequent surveillance incas
urements; and correspondingly, closer control 
over the exposure time of the workers. Where 
abnormal situations may occur, area monitoring 
by permanently installed instruments at key loca
tions, with readouts under observation at a central 
location, will aid in detecting any significant 
changes of the radiation levels in the general en
vironment. Use of alarms may be indicated in 
extreme cases. 

Except where it can be assured that dose 
equivalent rates are consistently very low (<25% 
MPD). personnel monitoring devices must be 
used to measure the radiation incident on a work
er's body (or extremities), integrated over pre
selected time periods. Film badges, available from 
commercial services.--- ha e been used exten
sively with time periods usually being from a week 
to a nonth. Currently. there is increasing use of 
therniolunincscent dosimeters ('TlD) for these 
and longer periods. Where dose equiva1lent 
rates are high and variable, the dose accum
ulated (unllnc minutes or Iours (t exposure 
hecorites critical, and )ocketdo, ileters (ionization 
chambers) provide a convenient means of such 
measurement. There are two types, those that 
require an instrument for readout and those that 
can be read directly. The latter are particularly 
useful hen the worker can read them frequently 
and limit his work period or procedures accord
ingl. A film badge or TV) is normally used in 
addition to the pocket doimeter to promide a 
back-up for an off-scale reading. There may be 

discrepancy between the two readings because of 
ditferent response characteristics. A pocket-size 
instrument %%ithtin alarm w&nsiti e to either (lose 
or. do c rate is available and can be used if oper
atii.,. conditions warrant. Indium foils may be 
',dcd t film bal!!es or twhir bmdve% worn by 
\%(jkers if aiiidO.lll hihh neti ron espoures 

: v occur. tie induccd actiiy permitting a rapid 
qualitative check for a hi .h neutron exposure. 

External irradiation of the body tissues or or
cans may occur f' dmi radiomiclide,, deposited on 
tht: %,kinor in the clothin!e. lo detect (or nias
1ii. I this requires :I \er\ ciiicl l probing over the 
entire bod,, %vilha suiille ilstuiment. A probe
on a llexiic cord is desir able: or where the con
tamination is limited to the hands or shoes, a 

"hand and foot counter" may lie used. 
(laior mnr easons bue 
desialle for many reasons. they cannot be used 
as a means of exposure evaluation unless (lose 

equivalents are many times ihe MPD (see Table 
29-6). A relatively new cyto 'enetic technlque 
involving a deternination of ch-onmosome irregu. 
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larities found in somatic human blood cells.", al-
though nonspecilic, can provide a means of incas-
uring dose equivalents slightly above the MPi), 
but use of this technique is severely limited due 
to the many man-hours required for each de-
termination. 

General administrative practices for radiation 
monitoring are presented in Anerican National 
Standard Guide for Admini.virative Przrfices in 
Radiation Monitoring.:"-

IRRADIA'rION BY INTERNAL 
RADIATION SOURCES 

Mode of Entry 
Internal radiation sources gain entry to the 

hotly by breathing gaseous or particulate ai.rborne 
radioactive materials, by swallowing radioactive 
materials that have gotten into the mouth from 
contaminated lips, hands. foods, or liquids, and 
by absorption through or implantation under the 
skin. After entry, a rather complex distribution 
throughout Ohe body may occur as indicated in 
Figure 29-3. Although there maly be irradiation 
throughout the body, the organs ofr tissues where 
the residence lime and concenlration are greatest 
receive most of the lose equivalent from alpha 
and bela radiation, while ganna (lose is more 
distributed, 

When inhalcd, i fraction of radioactive gases 
and particulates are ret;ined and absorbcd in ac-
cordance with chemical and physical properties
(not radio.cilive properties). ile halance bein ,L 
cxhlled. lhe ictained miterial is distributed along 
aii resli rictor) passigcs - tint telpositcd in the 
tipper pas,,ges being suhscquently ,\kalloycd 
after cleair.nce b,, draiiiirge or ciliary action. Re-
tention of particulate, in ile ,c\cr;il sections of 
the respiratory tract is a function of the particle 
size distributi, ftileIh rger particles ( 10 pi 
dia.) nc;., rcachin the ln. Soluble materiAs, 
when deposited in the tin,, are taken up in the 
blood streamn, their subsetltucnt distribution ind 
excretion being determined by the metabolic pat-
tern for that clement. Insoluble materials are re-
tained in tle Imu , with I rcl;i ivcly slow cleairaince 
rate (e.g.. 120 day half-life). \Vithout ,pecitic 
data. ICRP recollilliends :t11 ;i 'iptrnn Ihat 251; 
is exhaled. 51'; is deposited ill the upper re,,pir:--

,tory pms:t'es :tntl 25'; is deli.iteil ill the hlnis. 

vilnl Ill (f lat iii the 1i11,m r,.-0," b;t
l ;lcl 

n, tha Int Ille Itine!s bCinl' ,'.,lkwcd. 
Incested iiterials. includinL, those cleared 

from tile respiratory tract. pa,.s throtgh the .as 
trointestinal iract, with their ab.orption and cx-
cretion hcini determined by siltihilitv of the par-
ticilar chelnlical compound and nictabolic pattern 
of the elellent. 

E'mbedded nmIterials, ules, cry soluble. tend 
to reitlm in in the ti,,ucs hIear the of Csie'ht etiti \% 
with a slow clearance rate from Ihlt site. Those 
few materials which can be ahsorbed throuch tile 
skin are promptly distribulcd throthout the hody 
tissues. 

The talblatcd values of NIPC for air and water 
take all of these various ramnificat ions into accoutt 
except for embedded materials, yet for exposure 

control and exposure evaluation purposes some of 
the above factors require consideration. 
Exposure Control 

Work with radioactive materials that are not 
efTectively contained necessitates the establishment 
of a well defined controlled area. Preferably it 
should be i room or other totally enclosed area 
which will prevent atmospheric dispersion of the 
radioactive materials to outside areas. Exhaust of 
air from the room through filters may be required. 
Movement of individuals or materials through the 
exit (entrance) should be controlled to prevent 
inadvertent transfer of radioactive materials out
side. Any liquids containing radioactive materials 
should either be retained for safe disposal at an 
authorized location or bc put into a drain which 
fulfills pertinent requirements for release of radio
active materials to the environment. Only work
ers. properly trained, or visitors properly con
trolled. should be permitted entry. The degree of 
these controls will vary over a wide range for dif
ferent kinds of work depending on the activity 
(i) in volcd, tihe MPC of the radionucl ides in 
air or liquid, the dispersion characteristics of the 
materials aInt the size or complexity of the opera
tions. 

Within the controlled arca. the workers must 
be protected again,,t breathing radionuclides in 
concen rat ions greater tha n the NIPC averaged 
over a .10 hour week. Where exposure times are 
less or creater than 40l hurs in a week. the tabu
lated NIP(' mivay be adjusted ip or do%%n propor
tionitely. Although the NI l(-s are set for 40 
holrs per week expoturcs linyieiv. lost regu
l;mtitins icqiture that each wck be con,,ideied sep
arately. For \%ork with very sill[ Inoun is of 
material. c... less than the activity in I few 
ma xiniti permi.ssible hodv burdens, r'ather simple 
exposure controls are required -perhaps gloves 
and a lab coat. A., the itctivit, and dipers'ibility 
increa:se, protective mcasutires progress through
ventilated hoods, specially dscigned cxIh~iut hoods. 
total enclosures and cloe boxes. Some of these 
are dcerihed in reference ( 15 ). U e of personal 
pIrotective equipment sich as coveralls. gloves. 
head covers and shoe co\crs ;nv bc indicated 
(see (hip!cr 36). Whcre tei conccntrition of 
air rnc ,diictivc niterials cannot be ade
triatell c, nliolled esliii dby ,bya en,'losire%. 
rcspii, 1o l, potectis al. 'lne ;rpl -o\ed for 
rio.cti,.e itcrialls i itilcd \\ hcr. ilhnir
inal cou.enr,lioiis mIIi\ occli. contintious air 
sampling tdevices with an aiirl niav lie needed. 
Contlaiinltio of surf',ccs with radio ctive Ina-
Icrias throuchit0 the contri)Iled ;rel im' require 
.'ontrol. ,ruch ine.tturemcvcts heine imade by' count
ing . . , oill it,:r p;pcr,, I irm i1() cn-' 
are:. ( h,'hine- chmn::, \with ,ho .,.'r facilitiltili, 

ties. It,.cfit the ',itI e-ntrance) of the con
trolled area. may be required to prevent spcad of 
radioactive initerials frim the arca and to assure 
removal of comamitatioti from \workers' bodies. 
Possible retinmining conta mination is checked with 
an initrument probe. 

For a laborator,. inany or all of these factors 
require considceration. A'erican Nationalt/ Stanid
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ard Design Guide for a Radio-isotope Laboratory
'
(Type H)" is a general guldc 'to' these require-

ments. 
Exposure Evaluation 

Except for an accident, internal radiation 
sources resulting from occupational exposures usu-
ally accumulate gradually in the body of workers. 
Breathing airborne radioactive materials either 
intermittently or continuously is a prime source. 
Thus, a knowledge of the radionuclides and their 
average activity concentration in the air breathed 
by workers becomes important in any assessment 
of dose equivalent to critical organs or the c6rre-
sponding bodily intake in relation to the MPC. 
Usually it is sufficient to assure that the weekly 
average airborne radioactitv concentration in the 
breathing zone of workers is less than the MPC,
although other possible modes of entry should be 
considered. lHence, where dispersible radioactive 
materials are used, an air sampling program be-
comes a necessity. This program may vary from 
an occasional spot check where concentrations 
are readily maintained at a small fraction of the 
MPC', to continuous sampling either at or near 
the breathing zone of workers where exposure may 
average near the MPC or equipment failures may
produce abnormal conditions. 

Air sampling techniques and instruments dis-
cussed in Chapters 13, 14 and 15 may be used 
for radioactive materials provided the sample is 
suitable for radioactivity analysis. Samplers using
filter oaper or membranes have found general ap-
plication because the activity measurement can 
be made readily. For some situations, samplers
which provide a sire separation are used. The 
samplers may be portable instruments with a
sampling head that can be positioned or held near 
the breathing zone of workers, or be permanently
mounted equipment. American National Standard 
Guitle 1o Sampling Airborne RadioactiveMaterials 
in Nuclear Facilities-: provides a complete guide
to sampling airborne radioactive materials, 

Radionuclides are removed from the body by
excretion in the urine and feces, the rate and par-
titioning between the two depending on many
factors including mode of entry into the body,
elemental composition. solubility and rate. of in-
take. For many radionuclides, sufficient knowl-
edge of excretion patterns and rates are available 
so that measurements of excretion rates can be 
quantitatively related to intake rates, or activity
in the body, or both. Data obtained from analysis
of urine or feces - frequently called bioassays 

can serve as an assessment of previous and current 
intake rates to verify air sampling data. By dis-
continuing current intake for a period, an estimate 
of tie body burden or critical organ burden can 
be made from such excretion measurements 
usually a series of measurements over a period of 
a week or longer. When used to assess current 
intake rates it is common practice to establish, for 
each radionuclide. an "investigation level" or
"check point." These are discussed in Recom-
mendations of the International Commission on 
Radiological Protection, Report of Committee IV 
on Evaluation of Radiation Doses to Body Tissues 

'I 

from Internal Contamination Due to Occupational
Exposure,"'with very conservative values listed. 
For excretion rates or activity concentrations in 
the excreta which are below an appropriate inves
tigation level, itis assumed that exposure controls 
and evaluations have been adequate; but if above 
these levels, an examination of tie adequacy of 
current practices is made. 

A further means of assessing the current status 
of a worker with respect to intake and retention 
of radionuclides is an in viva determination of 
body burden or critical organ burden by measur
ing the gamma radiation being emitted front his 
body (or critical organ). The simplest of these 
is measurement of radioiodine in the thyroid Iv 
placing an instrument adjacent to the thyi'oid. 1hr 
most radionuclides. a "'whole body counter" is 
required. It consists of one or more measuring
instruments which scan the whole body. usuali,'
in a well shielded enclosure to minimize'the eflect 
of background radiation." Such measurements re
quire skilled personnel and very sensitive measur
ing Jdvices, properly calibrated. Such measure
ments can be made for radionuclides emitting x 
rays, such as uranium-235, plutonium-239 and 
aniericium-24 I. as well as for radionuclides emit
ting higher energy ganmma radiation. 

As with external irradiation. medical cxamina
tions cannot be used to evaluate dose equivalent
from internal radiation sources when exposures 
are at or below MP('. and the cytog'enetic tech
niniie (n:-,e 301) ,,v hp , ai 
way at slightly higher exposures. 

PARTICULAR CONDITIONS 
Nuclear Criticality Safety

A few of the heavier radionuclides shich are 
capable of sustaining a nuclear chain reaction re
quire handling and processing techniques which 
will avoid the possibility of inadvertently forming 
a critical mass, with the attendant emission of in
tense radiation. The mass of these lissile materials 
at any one location or their gceometric arrange
ient must be controlled with a high degree of 

confidence. Information about the basic limitine 
parameters used to assure nuclear criticality safety 
are in American National Standard N16.1 - ; Addi
tionally. all fissile materials arc used under Atomic 
Energy Commission regulations and license - in 
which they are designated as "Special Nuclear 
Materials." The regulations designate the masses 
of fissile materials below which nuclear criticality
safety controls are not required and licenses spec
ify the limiting cofiditiomis of use for greater

amounts. A standard symbol is used to identify

fissile materials and areas in which they are
 
used." It is similar to the radiation symbol with
 
circular bars around it.
 
Nuclear Reactor Industry


The nuclear reactor industry presents an array
of radiation protection problems much too con
plex to discuss in this Chapter. During mining of

uranium ore there are exposures to radon gas

and its daughters, as well as to uranium dust;"

and similar problemis occur during the processing

to extract the uranium from tile ore." The uran
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mtm enrichment (in uranium-235) process involves
various chemical forms of uranium including uran-
ium hexafluoride, a gas. After enrichment, nuclear
criticality safety controls become mandatory for
all subsequent handling and processing. Fuel 
manufacturing:; involves a chemical conversion 
process and various treatments of the resultingsolids prior to loading into the fuel rods. The 
fuel rods are sealed and subsequent handling in-
volves no further exposure to airborne radioactive 
materials. Fuel manufacturing and much of the
previous processing involves only relatively minor
external irradiation problems. In a nuclear re-
actor facifity, control of exposure to external radi-
ation sources as well as control of fission and
corrosion products which may become airborne 
becomes necessary. Fuel reprocessing plants take 
spent fuel. which is highly radioactive, and pass
it through complex chemical processes to separ-
ate the fuel materials (including plutonium) from 
the fission products, so that both external irradia-
tion and complex airborne radioactive materials,
including gases. require control and evaluation.
Fuel manufacturing may include fuel elements that
contain plutonium - requiring sophisticated con-
trols to prevent release of plutonium. Throughout
the industry, control and evaluation of releases
of radioactive materials to the environment is 
essential. 
Transportation 

Ratdioatctive materials arc .hipped by all nor-
mal transportation methods including the U. S.Postal Service. railroads. airplanes, trucks and
ship,. Tlicre are some limitations on the types
and quantities that will be acccpted hy soni ofthese. paIrticulrly the Poytal Service. Rczultionsofthee, U.S. eartn
[lieofl ervice.oRgulation sof the U. S. Department of Transportation (DOT) 
are applicable to all interstate transport except
for the Postal Service. There are separate rcgu-
hations for the Coast Guard and Federal Aviation
Agency. although these conform to the DOT Reg-
ulations. Most states have re.ulations applicable 
to intrastate transport and a few cities have sonic 
regu~lantions. Turnpikes. brigcl,, and tunnels oper-
ated by authorities nav have separate regulations, 
limitations and requ irements. Pack aging of fissile 
imaterials aid Ilkite titi anhilies (ifradioaictive na-

terials -ire ,subject-to Atomic Energy Commission 
Regulations. 1(0 CUR 71 (see Chapter 9). Inter-

national 
 transport is subject to reettlitions of the 

Internwttiontl Aotnic Enerv Atvencly.


In all cases the shipper is required to provide

packaging which fulfills the requirements of the 

pertinent regulations except for small quantities

that are exempted. For detailed packaging and

labelling require ens. re ations 

to the node of' shiptnent should be consulted. :;I' 


mil Ihe til applicable 

Records 
Since so me diseases ad attendant disabil iy

that may be caused by exposure to radiation orradioactive imtterials can occur after many years
of 	exposure or many y as after exposure. reten-
lion of suitable records relating to exposures andworking conditions for long periods of time is 
desirable and usually required by regulations.Workmen's Compensation Laws usually permit 

filing claims for radiation injury many years after 
exposure occurred, and for these adequate records
will be required. A comprehensive presentation
of information about records and their retention 
is in American National Standard N2.2.":' 

Regulations
The use of radiation and radioactive materials 

is subject to oflicial regulation by various govern
mental agencies. Such regulations are discussed 
in Chapter 9. It is essential that any user of radia
tion or radioactive materials become intimately
familiar with the details of all current rules and
regulations applicable to his operations. Licenses,
permits or notifications are commonly required.
Before preparing a license application the person
who will subsequently issue the license should be
consulted. Because of the length, detailed provis
ions and variability of these rules and regulations,
only a few general provisions have been mentioned 
in this chapter.
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Barnes, George E.
 

PLATING AND,.METAL,FINISHING,OPERATIONS
 

The plating shop at N.Oeton Instrument Company Was originaly des tigned
 

for 	only captiv6 plating within the company.' However, with growth the
 

company and changing obfits product lI ne and scope of operation, . the, 

plating shop has become mainly a'Job shop, accepting metal finis i 'bs
 

by 	contract from other persons-orfimns. Operation! of',the shop wi1l vary 

from day to day, depending ;on tne contracted workload4 

The metal finishing operations consist of fourma3j6r lines. Surface
 

coatings available are cadmium, chromium, copper, nickel, phosphate,,tin
 

and zinc, with chromium conversion coating of cadmium and zinc. The four
 

main lines are:
 

A. a hoist-operated iron phosphating line capable of treating
 

items 12 feet long;
 

,B. 	A hoist-operated zinc plating line, with chromium conversion
 

coating, capable of plating Items 8 feet long;
 

C. A barrel plating line for bulk handling of small ltems, with
 

cadmium, copper, tin and nickel plating and chromium conversion
 

coating of cadmium;
 

D. 	A hand rack line.for small numbers of smaller Items, with copper, 

nickel chromium, tin and cadmium plating and cadmium conversion 

coating. 

An ancilla'ry operation of the plating shopis deburring of machined par 

This isaccomplished by two vibrating rock tumblers and a rotating tumbler.. 

A layout and description of the plating shop isshown on Figure --.and 

inTable __ 



04"
 

rPl 

14A~b RA 

I I II I00 

4-510
 



TABLE 

NEWTON INSTRUMENT COMPANY PLATING SHOP
 

Processing Tank
 
Line No. 


Phosphating A-1 

Line A-29 A-3 


A-4 

A-5 

A-6 

A-7 


Zinc Line 	 B-1 

B-2, B-3 

B-4 


B-5 

B-6 

B-7 

B-8 

B-9 

B-10 


Barrel Line 	 C-1 

C-2 

C-3 

C-4 

C-5 

C-6 

C-7 

C-8 

C-9 

C-10 

C-l1 

C-12 

C-13 

C-14 


Hand Rack D-1 

Line D-2 


0-3 

0-4 

-5 


0-6 

D-7 

0-8 

0-9 

D-10 


0-1-1 

-12 

0-13 

D-14 

i-ff 
0-i. 

Tank Process
 

Alkaline Cleaner Rinse to A-2, A-3
 
Rinse tanks, countercurrent
 
Acid Pickle, H2SO4 Rinse to A-2, A-3
 
Iron Phosphate Rinse to A-6.
 
Spray Rinse
 
Chromium sealer
 

Alkaline cleaner Rinse to 6-2, B-3
 
Rinse tanks, countercurrent.
 
Reversing current cleaner, 4%NaCN, Rinse to B-2,
 

B-3
 
Acid Zinc plating tank Rinse to B-6, B-7
 
Rinse
 
Rinse
 
Chromium conversion coating Rinse to B-9
 
Rinse
 
Rinse
 

Alkaline electrocleaner Rinse to C-3
 
Reversing current cleaner, 4%NaCN, Rinse to C-3
 
Rinse
 
Acid Pickle, H2S04, Rinse to C-3
 
Cadmium Cyanide plating tank, Rinse to C-10
 
Copper cyanide plating tank, Rinse to C-7
 
Rinse
 
Tin plating tank Rinse to C-10
 
Nickel plating tank Rinse to C-10
 
Rinse
 
Rinse (not in use)

Unloading (Rinse tank not inuse)

Chromium conversion coatings, Rinse to C-14
 
Rinse tank, 2-stage countercurrent
 

Alkaline cleaner Rinse to 0-4
 
Reversing current cleaner, 4%NaCN, Rinse to 0-4
 
Alkaline electrocleaner -Rinse to -4
 
Rinse
 
Acid Pickle, H2SO4, Rinse to.D-4, 0-6
 
Rinse
 
Copper cyanide plating tank, Rinse to D-6
 
Nickel plating tank, Rinse to -9
 
Rinse
 
Chromium plating tank, Rinse to 0-il D-12,


0-13
 
Chromium dragout recovery tank
 
Rinse
 
Hot Water Rinse
 
Tin Plating tank Rinse to 0-16
 
Cadmium cyanide plating tank Rinse to 0-16
 
Rinse 
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hZ P.MV1OI0ERT AND TH1' TMDUSTRIAL 101OI"i 

by D. A. Fraser
 

Industrial Hygiene has been defined as 
"The science and art concerned
 

with the recognition, evaluationand control of those hazards to health that
 

arise from thework place". The realization that work may involve certain
 

risks and indeed may result in illness or traumatic injury is not new.
 

Indeed in 400B.C. Hippocrates described cures of lead poisoning in
men
 

engaged in refining metals. 
And in 600 A.D. Pliny the elder recommended the
 

use of masks made from the bladder of animals to protect workers refining
 

from noxious fumes and mists. 
An Italian physician Bernardo Ramazzini pub

lished the first text on Industrial Medicine entitled "De Moribas Artificum
 

Diatriba" in 1700. It
was not until the early 19th century that laws con

cerned with the well being of workers began to appear in great Britain:
 

"The Health and Morals of Apprentices" - 1802, "Child Labor Laws" - 1833,
 

"Protection of Health of Workers" 
- 1901. The Swiss in 1881 enacted a
 

Workman's Compensation Law and were immediately followed by many other
 

European nations. 
 The first such act in the United States was passed in 1911
 

by the state of Wisconsin and by 1920 42 States had followed this lead.
 

These laws, it should be noted, were concerned only with compensating the
 

worker after an injury occured.
 

In 1914 the United States Government faced with World War I and the
 

need to conserve manpower in the defense industries created a Division of
 

Occupational Health within the Public Health Service. 
 The activities of this
 

Division were further stimulated by the need for conservation and the control
 

of disease and injury during World War II. Other Federal Laws applying to
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particular industries or groups of workers were enacted during this period
 

but the motivation appears to have been principally economic and social
 

conocienceness had not developed to the point of prevention or great concern
 

for the workers. Appart from workmen's compensation the recourse of an
 

injured woiker"was througha civil suit and the English Common Law defenses of
 

(1) the worker assumed the known risk of the job, (2) the worker's own 

negligence contributed to the accident, (3) there was negligence on the part
 

of a fellow employee, were perfectly valid defenses. The first industrial
 

hygienists were usually physicians concerned with the diagnosis of strange and
 

exotic diseases and seeking the cause of these illnesses in the work environment.
 

As the causes were found the need to quantitate exposures and to recommend
 

control measures materialized and engineers, chemists and other specialists
 

were needed.
 

On December 29, 1970 the Occupational Safety and Health Act was signed
 

into law. This act was designed to insure a safe and healthful working environ

ment for American workers. The responsibilities for implementing this Act
 

are divided between the Department of Labor and the Department of Health,
 

Education and Welfare. The Department of Labor is required to: (1)promulgate
 

mandatory occupational safety and health standards, (2) to inspect workplaces
 

and to cite and penalize violations of these standards, (3) to collect and
 

analyse health statistics, (4) to supervise training of employees and employers
 

in occupational safety and health, (5) to administer grants to the States to
 

encourage local programs for implementing the Act. The Department of Health
 

Education and Welfare is to: (1) to conduct research relevant to occupational
 

health, (2) to develop criteria and recommend safe exposure levels for toxic
 

substances, (3) to publish annually a list of all known toxic substances,
 

(4) to conduct investigations at the request of employers or employees, (5)
 

to provide education to ensure a supply of adequately trained personnel to carry
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out the provisions of the act. 
 If the provisions of the Occupational Safety
 

and Health Act are enforced vigorously tne ettect on American labor and American
 

industry will be profound indeed.
 

Recognition of Industrial Diseases
 

An effective program of occupational health differs from other public
 

health activities-such as water and air pollution control in several ways.
 

Although its aim is the prevention of illness rather than the treatment of
 

disease the first essential element is the recognition of sickness in the
 

workforce which requires the diagnostic skills of the physician. It is con

cerned with only that position of the day, or of a mans life that is spent at
 

work. 
The number of hazards or insults is as diverse as the number of indust

ries and processes. 
At the same time the number of people exposed to a given
 

hazard may be relatiwly small and the normal public health surveilance
 

techniques may be inadequate. 
Once diagnosed, the illness must be differentiated
 

from ordinary community diseases and identified as work related. Something of
 

the exposure which produced the illness must be surmised. Superimpose on this
 

the adaptability of the human body to stress, the natural defenses against
 

disease and the unwillingness of most men to admit to illness and the physician
 

in industry is facing formidible problems. The new and powerful tools of indust

rial epidemiology and statistics are beginning to be applied to the recognition
 

of industrial diseases but the lack of adequate medical histories, exposure
 

information and the difficulty of locating even death certificates for previous
 

employees makes these studies very expensive and often physically impossible.
 

In spite of this, the alert physician has often recognized an industrial hazard
 

in its early stages and prevented a disaster which may have involved large
 

numbers of workers. Thus, the plant physician for the Goodrich Company in
 

Louisville, Kentucky, in reviewing death certificates of prior employees noted
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the second diagnosis of angiosarcoma (cancer of the liver) as a cause of death
 

and was astute enough to search previous records to find a third. Realizing
 
the rarity o1his disease, he informed the State Health Service and alerted the 

world to the potential of vinyl chloride to produce liver cancer. His revalation
 

lead to the immediate reduction of the permissable level of exposure for this
 

substance from 500 ppm to 50 ppm and the subsequent reduction to 1 ppm. thus
 

protecting thousands of future workers in this industry from unnecessary risk
 

of cancer.
 

While the physician in industry practices medicine and his efforts are
 

directed primarily toward the patient his counterpart and colleque the indust

rial hygienist addresses himself to the evaluation of the work environment and
 

the design of control systems to reduce exposure to hazardous materials and to
 

maintain a healthful working environment. Between these extremes a variety of
 

specialists contribute their knowledge to make safe processes possible. Among
 

these are the industrial nurse (often a primary contact with the worker and a
 

source of information concerning their responses to changes in work conditions)
 

the analytical chemist, the toxicologist and the physiologist. Thus, the
 

solution of industrial health problems always involves a team of people addressing
 

the common problem, the health of the worker.
 

Evaluation of the Environment
 

Early industrial hygients recognized the need for a yardstick by which to
 

judge the safety of exposure to chemicals. In 1920 Warren Cook published a list
 

of 20 substances with which he had some experience and suggested the airborne
 

concentrations of those that he considered safe. That list has now grown to
 

approximately 500 and is published annually as the "Threshold Limit Values"
 

(T.L.V.) by the American Conference of Governmental Industrial Hygieniuts. This
 

same list was recently published in the Federal Register by the U.S. Department
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of Labor and has pt0the"Federal Regulations.ecome 61fusie The concentrations 
listed are conhidld safe foro'ahn 8'hour exposure, 5 days per week for a normal 
working lifetime. 4 6hey
ai'desigined for the healthly adult male worker and not
 
young children, ti
e
i elderly or infirm and thus should not be confused with
 

community air quality standards. 
 In setting the limits the committee considers
 

several factors; the hazard Ln using the substance or the likelihood of pro

ducing damage; the comfort or lack of irritation of the worker. Thus these
 
limits do not provide a direct comparison of the relative toxicity of the com
pounds. The recommended concentrations are usually listed both as parts per
 
million (by volume) and as milligrams per cubic meter of air. 
 Special terms such
 
as millions of parncles per cubic foot of air or number of fibers per cubic cent
imeter of air are used to refer to numeral dusts or asbestos fibers. Other rules
 
apply when the dust contains more than 1% of free crystaline silica. 
 In the
 
latest (1973) T.L.V. list values or charts are also given for permissible expos
ures to certain physical agents (heat, stress, noise, microwaves). Sonizing
 

radiation is 
not invluded since these standards are published by the Atomic
 

Energy Commission.
 

Armed with this list and suitable sampling techniques the industrial
 

hygienist is prepared to make an estimate of the risk to health in the indust
rial environment. 
In the past, every airborne chemical in the environment
 

required a separate analytical method. 
Modern analytical technology is greatly
 
simplifying these techniques and today most sampling for solvent vapors is done
 
by drawing a known volume of air through a small glass tube filled with charcoal.
 

The charcoal is then extracted with a suitable solvent (CS
2) and the extract
 

analysed by gas chromatography. 
Portable instruments such as infra red
 
spectrophotometers and light-scattering photometers (for airborne particles) are
 
also available although quite expensive. The Threshold Limit Values are based on
 
time-weighted-average (TWA) concentrations and this may dictate the sampling
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and analytical method of choice. Thus if one were intere tedin "peak"' 

concentrations a "grab" or instantaneous sample might be indicated whilei po 

establish the TWA concentration a longer term integrated sample would be better.
 

In any case it is essential that the pump or air moving device be calibrated 

carefully so that the amount of contaminant can be related to the volume of air
 

from which it was extracted and the concentration calculated correctly.
 

'Control of the 'Industrial 'Environment
 

During an inspection of an industrial premises one of the most obvious, if
 

not sophistacted observations that is made, relates to housekeeping. Sloppy
 

handling of solvents and chemicals must lead to airborne concentrations of vapors
 

or dusts. Most reports will contain either praise for good housekeeping, or re

commendations for improvement of the aspect. It is often found that this is a
 

direct reflection of the morale of the workers or the adequacy of the supervision.
 

Probably the easiest and most economical recommendation that can be made
 

involves the substitution of a less hazardous or toxic substance for one that is
 

being used,for example toluene or stoddard solvent for benzine or perchoroetheylene
 

for carbon tetrachloride. Sometime a process modification is indicated such as
 

welding instead of soldering to eliminate lead exposure or wet drilling instead
 

of dry to reduce dust.
 

The major remedy available to the industrial hygienist, however, is vent

ilation. This may be in the form of general room ventilation to reduce odora,
 

humidity or temperature but more often will involve local exhaust ventilation to
 

remove the offending contaminant at the source and to prevent its escape into
 

the room atmosphere. The techniques of local-exhaust ventilation are described
 

in a book entitled "Industrial Ventilation" published by the American Conference
 

of Government Industrial Hygienists". An efficiently designed exhaust system
 

will offer protection to the worker and eliminate the need for respirators-or,
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other personal protective devices; Dbsignqinstallation and-testing',of
 

such a system should beo supervisedyby aacompeatanti4industrial hygienist since
 

few contractors are familiar with the health related objectives of the system
 

and many examples can be found of expensive and technically attractive
 

installations which do not provide adequate protection to the employees.
 

In the event that none of the above approaches is possible, respirators,
 

cannister guas masks, air line respirators may provide a last resort or
 

temporary solution. Since these devices all depend on voluntary compliance by
 

the worker they may not be reliable. A worker in a hazardous environment who
 

contracts an occupational illness will generally be awarded compensation even
 

though an approved respirator was provided by the company.
 

The Future Unfolds
 

Occupational health and the responsibilities of the industrial hygienist
 

cannot be divorced from a changing social climate and increased social
 

conscienceness. Legislation to protect the worker has been provided by the
 

Congress and it can be expected to be implemented. If additional legislation
 

is required it will be provided Labor unions are taking an increasing interest
 

in protecting the health of their members. This is evident in their demand
 

for appropriate legislation and in their willingness to bargain with nuinagement
 

for provision for this in their working contracts and indeed to share cooperative
 

programs and faculty sponsored studies with their management and universities.
 

The cost of controls to meet new regulations will lead to process changes which
 

in turn will require evaluation for implications to health. Improved technology 

and speeding up of old equipment will introduce new problems. The search for 

new sources of energy will introduce new processes and require novel controls. 

As men retire from work at an earlier age and at the same time have life 

extended by medical advances new diseases - some related to their work experience 
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will appear. Newlitermuusuch ae ergonomics 0tocitjj factors, psychologtcaltr*at
 

factors are already.; appearing ,lin-theiindustria1 hygienistwivocabulary-0,;
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Principles of Industrial Toxicology
 

General Considerations
 

This material has not been designed for physicians or others who have been
 
specially trained in the field of industrial toxicology. Rather it has been
 
prepared for the purpose of providing a certain amount of background for those
 
non-specialists who may be called upon to understand and interpret data which
 
are largely medical in nature.
 

Toxicology Defined. *n simple terms, toxicology may be defined as the study

of the actioi, of poisons on the living organism. Industrial toxicology is
 
concerned wi,.h the human organism and consequently lies within the broad field
 
of medicine. Since medicine cannot be considered an exact science in the same
 
sense that chemistry, physics or mathematics are so considered, toxicologic

phenomena cannot always be predicted with accuracy or explained on the basis
 
of physical or chemical laws. It is this unpredictability which frequently

reduces conclusions and decisions to opinion rather than fact.
 

Poison defined. 
 In attempting to define the term "poison", a major consideratior
 
is that of quantity or dosage. A poison may be defined as a substance which
 
causes harm to living tissues when applied in relatively small doses. A clear
cut distinction between poisonous and non-poisonous substances is not always
 
easy to make.
 

Effective dosage. Generally speaking, industrial toxicology is concerned with

the effects of substance which gain entry into some part of the human body.

Almost any substance can cause harm when applied directly to the skin. Among

the factors which are concerned in effective dosage, the most important are:
 

1. Quantity or concentration of the material
 

2. Duration of exposure
 

3. 	State of dispersion (size of particle or physical state, e.g. dust,
 
fume, gas, etc.)
 

4. Affinity for human tissue
 

5. Solubility in human tissue fluids
 

6i Sensitivity of human tissues or organs
 

uDviously there are possibilities for wide variations in any of these factors.
 

Methods of expressing effective dosage:
 

Threshold Limit Values (TLV), formerly Maximum Allowable Concentration
 
(M.A.C.),
 

For gases and vapors the TLV value is usually expressed in parts per

million (p.p.m.), that is parts of the gas or vapor per million parts

of air.
 

For fumes and mists, and for some dusts, the TLV is usually given as
 
milligrams per cubic meter (mgm/m3) or per 'ten cubic meters of air.
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For some dusts, particularly those containing siica ine TAV is usually e"
millions of particles per cubicfoot of air (1A.P.P.C.F.)pressed as 

TLV 	Values have gained wide acceptance in idustrial toxicology as a means
 
They purportof expressing concentrations of potentially harmful substances. 

exto represent the average amount of a substance to which persons may be 

posed for eight hours a day for a period of months or years without danger 

to health.
 

Literal acceptance of this concept is fraught with great danger 
for the
 

following reasons:
 

A great rnority of all published TLV values are based either on specu

lation, opinion or limited experimentation on rats, mice, guinea pigs or 

other laboratory animals. In very ftv instances. have the values boen 

established firmly on a basis of e.:aminations of human subjects correlated 

a. 


vrith adequate environmental observations. 

of dangerous materials in any vor1kinZ environrent rarelyb. 	 Concentrations 
remain constant throughout a worh day. The occurxence of "surges" is 

well knovln. 

c. 	 Industrial exposures frequently involve mixtures rather than single com
pounds. Very little is knowm about the effects of mixtures. 

d, 	 Individuals vary tremendously in their sensitivity or susceptibility to 

to:xie substances. The factors controlling this variability are not "ell 

understood. It is dangerous to assure that conditions which are safe
 

for 	some individuals wrill be safe for all.
 

!0. For some substances, concentrations which may be considered "safe" may
 

still result in discomfort or annoyance. 

f. 	A single TLV value is usually given for substances which occur in the
 

form of salts or compounds of different solubility or in different
 
physical states (e.g., lead, mercury).
 

If these limitations of TLV's are understood and accepted, the published
 

TLV values can be used to great practical advantage. The principal usefulness
 
is found in connection Trith the design of ventilating equipment. It should
 

not be assuried, however, that attainment of concentrations at or even belour
 

the published TLV limits rill necessarily prevent all cases of occupational
 

poisoning, nor should it be assumed that concentrations vhich exceed the 
given limits rill necessarily result in cases of poisoning. The concept 
knovai as Haber's Law, which involves the product of concentration and time 

(C x T = K), expresses an index of the degree of to:'Lc effect. This, too, 
may 	be misleading since little is 1movin of the relative effectivencss of 

large doses over a short period of time as compared with smaller doses over
 
a longer time period. 

2. 	 1:1nimal lethal dose and LD5O. 

In experimental toxicology it is comimon practice to determine the quantity 

of poison por unit of body weight of an experimental animal which vill have 
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* 	a fatal effect. (A scale cormionly used is milligrams of poison per kilogram 

That amount per unit of body vieight which il1 kill anof 	body weight). 
certain standard conditions is knovni as the mini.sl

experimental nimal 	under 
(M.L.D.). A more commonly used figure in e:-perimental industrial

lethal dose 
a group of experimentalwhich will kill one half oftoxicolom, is the aount 

animals. This is knovm as the LD5O, representing 50 percent fatalities. 

Chemists Association bases its definition of the term
The 11nufacturing 

on the LD5O test. In its publication entitled "Warning Labels"
"poison" 

"Poison: A substance or mixstates the followring:(6th edition, 1961) 	 it 
falls within any of 	the following categories.

ture of substances which 

(a) Produces death 	with 14 days in half or more than half 
of a group of
 

rats 200-300 grams at a single dose of 
10 	or more laboratory white weighing 

administered
50 milligrams or loss per kilogram of body weight, when 


orally; or
 

in 	 half than half of group ofaor 	more(b) 	 Produces death within 14 days 
or more laboratory white rats weighing 200-300 grams, vhen inhaled con

10 	
of one hour or less at an atrospheric concentration

tinuously for a period 
mist, or dust,of 	200 ppm. or 2 milligrams or less per liter of gas, vapor, 

man when the
provided such concentration is likely to be encountered by 


used any reasonable foreseeable manner; or
substances are 	 in 

(c) Produces death 	within 14 days in half or more than half 
of a group of 10
 

milligrams or less per kilogram
or 	mre rabbits tested in a dosage of 200 

with the bare skin for
body weight, when administered by continuous contact 


24 hours or less.
 

"If available data on human experience with any substance in the above nsred 

concentrations indicate results different from those obtained 
on animals, the
 

human data shall take precedence in any classification of a 
substance as
 

poisonous."
 

The official U.S. Governmental concept of hazard rating is 
set forth in Fed

fully effective in 1962.
eral Hazardous Substances Labelling Act which became 

has the charac-
In this act, a substance is considered "hiyhly tonic" if it 

teristics described above in the ianufacturing Chemists Association defini-

A toxic substance is defined as follows:
tion of a poison. (See above) 


death within 14 days in one-half of a group
"(1) Any substance 	that produces 

200 gra.is and 300 grains, at a single dose 
of white rats each weighing between 

of more than 50 milligrars per kilogram but not more than 5 gramns per kilo

gram of body weight, when orally administered. 

death within 14 days in one-half of . group
"(2) Any substance 	that produces 

when inhaled
of 	white rats each weighing between 200 grams and 300 grams, 

continuously for a period of 1 hour or less at an atmospheric 
concentration
 

wore than 20,00 parts per million
 
of 	more than 200 parts per million but not 
 morevapor or more than 2 milligrams but not than 200 
by 	volume of gas or 
milligrams per liter by volume of mist or dust, provided 

such concentration
 
is 	 used in any reason

is 	 likely to be encountered by man ohen the substance 

ably foreseeable manner.
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.,Anysubstance that produces death within 14 days in one-half of a group
 

of rabbits weighing betveen 2.3 kilograa and 3.0 kilograms each, tested at 

a dosage of more than 200 milligras per kilogram of bcdy weight, when ad
skin for 24 hours.ministered by continucus contact with the bare 

"The number of animals tested shall be sufficient to give statistically sig
conformity with good pharmacological practice.nificant results and be in 

on the basis of
"(4) Any substranc that is 'toxic' (but not 'highly toxic') 


human experience."
 

3. "Range Finding" Tests 

This approach to determining and expressing the degree of toxicity of chemi

cals used in industry has been developed primarily by 1.F. Smyth, Jr., and 

his collaborators. Its greatest usefulness is in te.zting new compounds for 
test is a cowwhich no toxicological inforwation exists. The basis of the 

parison of the potency of an unknovm compot.d with that of a more familiar 
there are a number of chemical: for which
material. This is possible since 

By this technique
fairly extencive toxicological data are already available. 


a certain anount of valuable information can be obtained within a space of
 

about three weeks.
 

. Hazard Rating 

ITis term is used in the present notes to indicate in a general way whether 

a material has high, mroderatc, or alight toxicity or has no poisonous prop
at all. This is obviously a somewhat crude methcd of expressingerties 

toxicity, but it is of value as a rough guide to be followed until further
 

information can be obtained. 

The hazard ratings of industrial chemicals are based on an interpretation of
 

all available data, particularly TLV, LD5O, and Range Finding data. 

5. Maximn AcneptblQ Concentration used by American Standards Assn. is more 
restrictive than TLV. It signifies a value which should not be exceeded at 
any time. (The term "Acceptable Concentration Standard" is now used by the 
A.S.A.) 1 

Hazard ratings based on acute, single expohurd experiments may be misleading 
since it cannot always be assturnd that a large amount of a toxic agent is 

more dangerous than a small amount. (See below under Individual Suscepti
bility) 



-5-


Classes of Toxic Substances
 

Toxic or harmful substances encountered in industry may be classified in
 
various ways. A simple and useful classification is given below, along
 
with definitions adopted by the American Standards Association.
 

1. 	Dusts: Solid particles generated by handling, crushing, grinding,
 
rapid impact, detonation and decrepitation of organic or inorganic
 
materials such as rocks, ore, metal, coal, wood, grain, etc. Dusts
 
do not tend to flocculate except under electrostatic forces, they do
 
not diffuse in air, but settle under the influence of gravity.
 

2. 	Fumes: Solid particles generated by condensation from the gaseous
 
state, generally after volatilization from molten metals, etc.,
 
and often accompanied by a chemical reaction such as oxidation.
 
Fumes flocculate and sometimes coalesce.
 

3. 	Mists: Suspended liquid droplets generated by condensation from
 
the gaseous to the liquid state or by breaking up a liquid into a
 
dispersed state, such as by splashing, foaming, and atomizing.
 

4. 	Vapors: The gaseous form of substances which are normally in the
 
solid or liquid state and which can be changed to these states either
 
by increasing the presure or decreasing the temperature alone.
 
Vapors diffuse.
 

5. 	Gases: Normally formless fluids which occupy the space of enclosure
 
and which can be changed to the liquid or solid state only by the
 
combined effect of increased pressure and decreased temperature.
 
Gases diffuse.
 

This classification does not include the obvious categories of solids and
 
liquids which may be harmful nor does it encompass physical agents. The
 
latter, strictly speaking, cannot be considered "substances". Living agents,
 
such as bacteria, molds, and other parasites comprise another group of
 
"substances" that would appear in a comprehensive classification of in-dustrial
 
health hazards.
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Routes of Absorption
 

In the physiologic sense, a material is said to have been absorbed only
 
when it has gained entry into the blood stream and consequently is carried
 
to all parts of the body. Something which is swallowed and which later is
 
excreted more or less unchanged in the feces has not necessarily been ab
sorbed, even though it may have remained within the gastro-intestinal tract
 
for hours or even days. The industrial toxicologist is concerned primarily
 
with three routes of absorption or portals of entry through which materials
 
may enter the blood stream: the skin, the gastro-intestinal tract and the
 
lungs. 

Absorption through the skin: Those who are familiar with the history of
 
medicine will recall that before the introduction of modern methods in the
 
treatment of syphilis a part of the standard therapy consisted of mercury
 
injunctions. The effectiveness of this treatment depended on the fact that
 
certain forms of mercury could be absorbed through the intact skin. Today
 
it is racognized that skin absorption may be a significant factor in occupa
tional mercury poisoning as well as in a number of other industrial diseases.
 
In the case of metals other than mercury, entry through the skin is relatively
 
unimportant except for some of the organic compounds such as tetraethyl lead.
 

Skin absorption attains its greatest importance in connection with the organic
 
solvents. It is generally recognized that significant quantities of these
 
compounds may enter the body through the skin as a result either of direct
 
accidental contamination or indirectly when the mate-rial has been spilled
 
on the clothing. An additional source of exposure is found in the fairly
 
common practice of usIng industrial solvents for renoving grease and dirt
 
from the hands and arms, in other words, for washing purposes. This pro
cedure, incidentally, is a fruitful source of cases of dermatitis.
 

Gastro-intestinal absorption: It has already been suggested that the mere
 
fact that something has been taken into the mouth and swallowed does not
 
necessarily mean that it will be absorbed. Naturally, the less soluble the
 
material is, the less is the likelihood of absorption. In the past it has
 
been common practice to attribute certain cases of occupational poisoning to
 
uncleanly habits on the part of the victim, particularly failure to wash
 
the hands before eating. There is no doubt that some toxic materials used
 
industrially can be absorbed through the intestinal tract but it is now
 
generally believed that with certain notable exceptions this portal of entry
 
if of minor importance. One outstanding exception is the case of the radium
 
dial painters who followed the practice of "pointing" their brushes between
 
their lips, thus ingesting lethal quantities of radio-active material.
 
Accidental swallowing of harmful amounts of poisonous compounds in single
 
large doses has also been known to occur. In general it can be said that
 
intestinal absorption of industrial poisons is of minor importance and that
 
the "dirty hands" theory of poisoning has been pretty well discredited.
 

Absorption through the lungs: The inhalation of contaminated air is by far
 
the most important means by which occupational poisons gain entry into the
 
body. It seems safe to estimate that at least ninety percent of all
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industrial poisoning (e:clusive of dermatitis) can be attributed to absorp
tion through the luis. Harrmful substances may be suspended in the air in 
the form of dust, fume, mist or vapor, and may be .mi:ed trith the respired 
air in the case of true ;ases. Since an individual under conditions of 
moderate exertion .- ll breathe about ten cubic Peters of air in the course 
of an ordinary oight hour working day it is readily understood that any 
poisonous material present in the respired air offers a serious threat. 

Fortunately all forei-n matter which is inhaled is not necessarily absorbed 
into the blood. A certain amount, particularly that which is in a very 
finely divided state, will be iwediately exhaled. Another portion of 
respired particulate matter is trapped by the mucus which lines the air 
passages and ins subsequently brought up in the sputum. (In this connection 
it might bc mentioned that Come of the sputum may be consciously or uncon
sciously swallowed, thus affording an opportunity for intestinal absorption.) 
Other particles are taken up by "scaveie . cells" following ,,!hich they rny 
enter the blood struai or 1e deposited in various tissues or or!'ans. True 
Cases will pass directly f:-om the lungs into the blood in the saiie manner 
as the o:.Vgen in inspired air. Because of the fact that a great majorityA 
of the .movm industrial poisons i.i.1ay at soi,.e time be present as atmospheric 
contam.inants md thus conr;titute a potential threat to health, progronrs 
directed toward the prevention of occupational poisoning generally place 
major emphasis on some form of ventilation to reduce the hazard. 

ntorage and Excretion
 

Relatively little is knoim about storage depots of industrial chemicals other 
than that lead tends to accuirailate in the bones bnd inorganic mercury in 
the kidneys. Transport mechanisms have not been extensively studied. Par-. 
ticulate matter when inhaled can be phagocytosed and remain in the regional 
lymph nodes where it may have little effect as in the case of coal dust or 
may produce pathological changes as in the case of silica and beryllium. 

Rxcretion of heavy metaln is usually studied only in the urine. This may 
,e due in part to the relative ease of sampling and analysis. Nobody enjoys 

anal.ysing feces. Sweat, saliva, bile, milk are not easy to collect for 
analysis. Gases and volati.e vapors are comonly excreted via the lungs. 
This can be used as a measure of earlier absorption. 
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Acute bnd Chronic Effects 

Induatrial toxicology is generally concerned vrith the effects of low'-grade
 
over a period of months or years.
sub-lethal exposures which are continued 

It is, of course, true that to:xicological problems are not infrequently pre

sented as a result of accidents which create sudden massive exposure to.over
results
vihelming concentrations of to::ic compounds. The acute poisoninig Thich 

may cause unconsciousness, shock or collapse, severe inflammation of the lungs 

or even sudden death. An understanding of the nature cf the &ctionof the 

offendin; agent may be of great value in the treatment of acute poisoning but 

in sore instc ncec the only application of toxicological knoiledge will be
 

estnblishing the cause of death.
 

The detection of minute nmrounts of to::ic zn[,onts in the atnmosphere and in body, 
fluids (blood and urine) wid the reco;-,rnition of the effects of emposure to 
snall quantities oil poisons is aruon ; the principal jobs of the industrial 
to::icoloist. The anifestations of chronic poisoning are often so subtle 
that the keenest judgment in required in order to detect cnd interpret "then. 
The most refined teclmiques of analytical cheiwstry and of clinical pathology 
are called into play, invoJ.ving studies of the worl:i.ng environrcnt and of ex
posed individunlS. 

In order to demonstrate that chronic industrial poisoning Los talcen place or 
is a possibility It ust Le shoun that an offcndin7 agen.t is present in sig
nificant concentrations, that it has been absorbcd aiil that it has produced 
disti'rbancec in the exposed subject. Sin;nificent concentrations are cornmotly 
expressed in terr.:s of Thrsifiold Limit Values (TL;:). Absorption of a sub
stance may be proven by demnonstrating its presence .Pthe blood or urine in 
.concentrations above those found in non-exposed pcrsons, or by finding certain 
metabolic products in the excreta. To prove that disturbanices have occurred 
*in an exposed subject may require the application of all of the diagnostic 
procedures used in medicine. This includes a nedical history, physical ew.-'aina
tion, blood counts, urinalysis, x-ray studies and other reasures.
 

A few of the more v'idely used industrial chencals, notab.y lead and benzene, 
vrill produce changes in the blood in the very early stages of poisoning. 
Other chemicals, particularly chlorinated hydrocarbons, give no such early 
evidence of their action, Hoea metals such as izercury and .end produce their 
chronic harmful effects throu;h what is kno,.m as "cur:,ulative action". This 
means that over a period of tjiie the material ,hich it absorbed is on].y partial
ly excreted and that increasing amounts accumulate in the body. Eventually the 
quantity becomes great enough to cause physiologic disturbances. Volatile 
compounds do not accu..alate in the body but probably produce their chronic 
toxic effects by causing a series of small insults to one or more of the vital 
orcans.
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Site of Ccion of Poisons
 

Brief mention has already been made of the fact that different poisons act
 
on different parts of the body. Many substances can produce a local or direct
 
action upon the skin. The fumes and mists arising from strong acids, some of
 
the war gases and many other chemicals have a direct irritating effect on the
 
eyes, nose, throat and lower air passages. If they reach the lung they may
 
set up a severe inflammatory reaction called chemical pneumonitis. These
 
local effects are of greatest importance in connection with acute poisoning.
 
More important to the industrial toxicologist are the so-called systemic effects.
 

Systemic or indirect effects are those which occur when a toxic substance has
 
been absorbed into the blood stream and distributed throughout the body. Some
 
materials such as arsenic, when absorbed in toxic amounts, may cause disturban
ces in several parts of the body: blood, nervous system, liver, kidneys and skin.
 
Benzene, on the other hand, appears to affect only one organ, namely, the blood
forming bone marrow. Carbon monoxide causes asphyxia by preventing the hemo
globin of the blood from carrying out its normal function of transporting
 
oxygen from the lungs to the tissues of the body. Although oxygen starvation
 
occurs equally in all parts of the body, brain tissue is most sensitive to
 
this insult; consequently the earliest manifestations are those due to damage
 
to the brain. An understanding of what organ or organs can be damaged, and
 
the nature and manifestations of the damage caused by various compounds is
 
among the more important functions of the industrial toxicologist.
 

At the cellular level, toxic agents may act on the cell surface or within
 
the cell, depending on "receptors" or binding sites. A familiar example is
 
the affinity of arsenic and mercury for sulfhydryl (S-H) groups in biological
 
material.
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I'Individual Susceptibility' 

.The term "individual susceptibility" has long been used to express the well 
]mown fact that under conditions of like exposure to potentially harmful sub
stances there is usually a marked variability in the manner in which individuals
 
will respond. Some may show'i no evidence of intoxication whatsoever; others
 
may show signs of mild poisoning while still. others may becoMe severely or 
even fatally poisoned. Comparatively little is lmovr aboit the factors which 
are responsible for this variability. It is believed that differences in 
the anatonLical structure of the nose may be concerned ith different degrees 
of efficiency in filtering out harmful dusts in the inspired air. Previous 
infections of the lungs, particularly tuberculosis, are kno.'un to enhance 
susceptibility to silicosis. i:ost industrial to:,icologists believe that 
obesity is an important predisposing factor ari-,on persons vho are subject t 
occupational e![posure to organic solvents and related compounds. Age and sc!.: 
are. also believed to play a part and previous illnesses may be significant. 

Other possible factors relating to individual susceptibility are even less
 
well understood than those just mentioned. It has been suggested that different 
rates of working speed, resulting in variations in respiratory rate, in depth 
of respiration and in pulse rate may play a part. The action of the cilia, 
those tiny hairs which are present in the cells vhich .ine the air passages, 
may have some importance. The permeability of the ltuigs may influence absorptior 
and the efficiency of the klcneys may govern the rate at v'hich toxic materials 
are excreted, but the widerl.ying nature of these possible variations is not 
at all knom. 

There is considerable literature purporting to show that nutritional factors 
may have soimething to do vith susceptibility to occupational poisoning. 2'ost 
of the published material is rather unscientific and unconvincing but a fewi 
reports recently published strongly suggest that there actually exists a rela
tionship between the nature of the diet and susceptibility to poisoning. There 
is as yet no substantial evidence that the addition of vitamin concentrates 
or special foods will have protective value, but when diets are deficient in 
some of the essential nutritional clemretsit appears that poisoning is more 
likely to occur. There is considerable evidence that indulgence in ethyl alco
hol Yill significantly increase the possibility of occupational poisoning occur
ring, particularly from organic solvents. 

Other "host factors" that may play a role in "individual susceptibility' are 
endocrine status, genetic make-up (heredity), intestinal flora and personal 
hygiene. 
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Toxiolty by Analogy,
 

Because of the paucity of toxicological information on many ched.cal compour.ds

used in industry there frequently is a tendency to assure that compounds vhich 
are closely related chemically will have similar toxic properties. 'Rilethis
 
may be true for a limited number of substances it is by no reans universally
 
true.
 

As mentioned elsewhere, many chemical compounds, when absorbed by the bcdy, 
undergo a series of changes (detcxication processes) lefore they are excreted. 
The intermediary products depend largely on the chemical structure of the 
original material, and minor differences in structure may result in totally
 
different intermediary and end products. This principle is well illustrated 
in the case of benzene and toluene, hich are closely related cherically 
but whose Dmctabollcm is dissimilar. The degree of toxicity of the two is
 
also very different. For some chemicals, e.g. jrethanol, metabolic intermed
iates may be responsible for important toxic effects.
 

When a person is exposed to a mixture of chemicals, there is always the pos
sibility of combined action. This may enhance or diminish toxic response. 
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Absorption vs. VPois6ning" 

As mentioned above, with the exception of external irritants, toxic substances
 
generally must be absorbed into the body mid distributed through the body by
 
means of the blood stream in order for poisoning to occur. In other vords,
 
poisoning ordinarily does not occur without absorption. On the other hand,
 
absorption does not necessarily or always result in poisoning. The hwnan body
 
is provided with an elaborate system of protective mechanisms and is able to
 
tolerate to an amazing degree the presence of many toxic materials. Some
 
foreign materials are excreted unchanged through the urine and feces. Toxic 
gases, following absorption, may be given off through the lungs. So.ie chemical 
compounds go through processes of metabolism and are excreted in an altered 
form. Some of these processes ure 1nom as deto:xication (or detoxification) 
mechanisms. In some instances the intermcdiary products in a detoxication
 
process may be more Loxic than the original substance, e.g. formic acid and 
formaldehyde from methyl alcohol. 

Since absorption must precede poisoning, the question often arisOs as to where 
the dividing line between absorption and poisoning is to be dravm. An answer 
to this question frequently entails considerable difficulty. There is no doubt
 
that when absorption reaches a point whiere it causes iiajairment of health, 
poisoning has occurred. Imp .,red health manifests itself by the presence of 
altered structure, altered funpction, or a combination of the two. These impair
ments, in turn, result in abnormai symptcirs, abnormal physical or laboratory 
findings, or combinations of these.
 

W'hen absorption has produced iuoth abnormal symptoms and abnormal objective find
ings there is no question that poisoning has occurred. In the opinion of the 
vriter, absorption which produces objective evidence of altered structure or 
function should also be called poisoning, even though there may be no abnormal 
subjective symptoms. 1.hcn subjective synptoms constitute the only basis for 
distinguishing between absorption and poisoning, the distinction becomes a 
matter of medical opinion requiring individual evaluation. 
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Causal Relationship and Competent ProducJng Cause 

The industrial toxicologist frequently becores involved in medico-legal prob
lems, since actual or suspected cases of occupational disease often result in
 
workmen's compensation claims or negligence suits. A successful legal action
 
on the part of a claimant or plaintiff dupends upon his abi) ity to demonstrate, 
usually through iredical or other expert testimony, that occupational exposure
 
caused harm to his health. 

A competent producing cause is one which conceivably 
harmful effect. It involves possibility. 

rathld have produced the 

Causal relationship exists when a competent producing, cause 
the harmful effect. It involves probability. 

actually L1 produce 

.edico-le;al cases are usually adjudicated on the basis of opinion, because of 
the fact that medicine is not an exact science. It has teen said, and truth
fully, that in medicine any-Lhing can hap,-en. Decisions then, r:ust be rade on 
the basis of the most probable explanation of a set of circui. -stanccs. 7"cdicil 
opinion, to be convincing;, ust be baned on actual facts or observations, butl 
the same set of facts or observations ir!t2y be subject to more tha one interprc
tation. Hence the importance of opinion. 

Vorlkmen's compensation lawas are usually written or interpreted in such a way
that in cases of doubt (sometimes reasonable doubt) a decision is rendered in 
favor of the claimant. Socially this is probably correct, at least in theory. 
This practice, however, tends to place the burden of proof on the defcndant 
rather than on the claimant. Competent producing cause is all too often con
sidered to be synonymious with causal relationship. Often it devolves upon E: 
defendant to attempt to prove that a comnpetent producing cause was in fact not 
the actual cause of an illness. Obviously this may entail considerable dif'i
culty. It is not sufficient for the defendant merely to deny the existence of 
causal relationship. Successful defense requires an opinion (diagnosis) other 
than that of an occupational disease which wll provide a more convincing ex
planation of the observed facts. Often this requires the highest degree of 
diagnostic acumen as well as the most astute legal procedure. 
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Principles of Prevention
 

Any 	effective program for the prevention of occupational poisoning depends on
 
teamwork. Key members of the preventive team are the industrial physician with
 
his knowledge of toxicology, the industrial hygiene engineer with his under
standing of control measures, and the chemist who provides basic analytical
 
data. The industrial nurse because of her intimate contact with employed
 
personnel, often provides the first clue to the existence of a potentially
 
dangerous situation. Safety men and supervisors also play an important part,

while a well-informed working force, instructed to recognize danger signs,
 
constitutes an additional safeguard.
 

It was pointed out above that an understanding of the basic principles of
 
industrial toxicology is fundamental in any program of prevention. One must
 
know what materials can cause poisoning and the relative toxicity of various
 
compounds and groups of compounds. Another essential is an understanding of
 
how toxic substances are absorbed, and the relative importance of the various
 
routes of absorption. Realization of the fact that inhalation is the principal
mode of entry means that preventive measures will be directed mainly toward 
reducing atmospheric contamination. For proP-Rction against chemicals that can 
be absorbed through the skin, suitable imper, ous gloves and work clothing can 
be provided. 

Although very little is known about "individual susceptibility", the few facts 
which are available may be helpful in selectively placing certain persons in 
jobs where their age, sex, state of nutrition or previous illnesses will not 
constitute any extra threat to their well-being. Thorough familiarity with the 
so-called maximum allowable concentrations, their interpretation and applications 
is essential for the engineer who is called upon to design ventilation 
systems. All who are concerned with a preventive program must know that months 
or years of exposure may elapie beofre toxic manifestations appear, and the 
physicial in particular must be prepared to detect and recognize the earliest
 
evidences of poisoning. Failure to apply these few fundamentals may be costly
 
not only in terms of lost production and lost income but also in terms of health
 
and even of life.
 

Preventive procedures are often spoken of as falling into two major categories:
 
(1)medical control and (2)engineering control.
 

1. Medical control. This term is used to describe those procedures which
 
are applied to the employed person. It includes:
 
a. 	Preplacement physical examinations. One purpose of these examinations 

is to protect workers with unknown susceptibility against any poten
tially harmful exposure. An individual found to have healed pul
monary thberculosis, for example, should not be placed in a job 
entailing exposure to silica dust nor should one with former liver 
disease be exposed to chlorinated hydrocarbons. 

be 	 Periodic examinations. A major purpose of these is to detect any

existing evidence of poisoning at an early stage when corrective
 
measures can be expected to result in complete recovery. Correction
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may: call for iuprovedf industrial hygiene practices, for temporary or
 
permanent.:change,.of jobassignments or both of these.. 

c' .,Education. The purpose of this is, to inform workers and supervisory
'personnel of the nature of any potentially harmful materials with which 
they may come in contact. An informed working force may be expected to 
accept and observe recommended precautionary measures. 

d. 	Personal protective devices. With few exceptions, personal protective

devices should be relied upon only when the application of engineering
 
measures offers insurmountable difficulties. Protective clothing is
 
usually worn to prevent injuries and so will not be.discussed.
 

Protective masks have been widely used, (or rather misused) to reduce the
 
inhalation of potetially harmful dusts, fumes, vapors, mists and gases.
In general it can be said that reliance on madks is justified only when 
exposures are of short duration (minutes) and low frequiency (10-20 times 
daily). 

Protective masks or respirators obviously should be properly selected for
the purpose for which they are intended. To be effective they must be 
individually fitted to the user In the filter or canister types the
 
filtering units must be replaced regularly and with Adequate frequency.

A program of regular cleaning, repairing and replacing of iorn out parts
 
is highly desirable. Those who are obliged to wear repn1rators or masks
 
should be fully instructed as to proper use and maintenaice. Unless these 
rules are followed it cannot be said that masks and respirators are being
properly used and itmight be prefer-able not to use then at all. 

2. 	 Engineering Control. 

In this category are included those procedures which are applied to the 
working environment rather than to the individual. The most important 
engineering control measures are: 

a. 	 Substitution of a less toxic in place of a more toxic material, when this
 
is possible technologically. Common examples of this approach are the
 
use of steel shot in place of silica sand in sand blasting.
 

b. 	 Enclosure of a process. This has its widest application in the chemical
 
industries where frequently it is possible and practicable to design

totally enclosed systems for carrying out the manufacture 6r processing
 
of chemical compounds.
 

c. 	 Segregation, which may be accomplished by confining a potentially dangerous 
process to a segregated or enclosed area to prevent contamination of
 
adjacent work spaces. In some situations segregation can be accomplished

by locating a process in an opem shed or even completely out of doors.
 

do 	 Ventilation, which is perhaps the most Iaportant engineering control
 
measure. Ventilation may be general or local. General ventilation
 
consists in rapid dilution of contaminated air with fresh air usually
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by fans'located in windows or overhead in work areas. 
Fans or blowers
 
may operate by bringing fresh air into a space, thus forcing con-,,;
 
taminated air out through natural openings such as doors and windows,
 
or by drawing off contaminated air thus creating a partial vacuum which
 
is filled by the entry of fresh air. Unpleasant drafts of air, par
ticularly near open doors and windows, are sometimes produced when
 
natural ventilation is produced in large volume.
 

Local ventilation usually consists in providing air suction close to the
 
point where potentially harmful dusts, fumes, vapors, mists dr gases
 
are generated. This permits removal of the contaminants with
 
relatively small qua'tities of air and prevents contamination of adjacent

work spaces. Collection and disposal of contaminants removed by local
 
exhaust ventialtion sometimes presents a major engineering problem.
 
In some processes, especially those involving the use of volatile
 
chemicals, it is common practice to install a recovery system as part

of the ventilating equipment. This may result in savings sufficient
 
to defray the cost of installing and operating the ventilating system.
 

e. 	 Wetting, The use of water to limit the dispersal of atmospheric

contaminants finds its chief application in the control of dust. 
This
 
procedure is widely used in rock-drilling and it is also useful when
 
sweeping is done in a dusty work-room.
 

f. 	Neutralization or inactivation of chemical compounds is sometimes
 
useful in connection with local exhaust ventilation and in cleaning
 
up contaminated areas.
 

g. 	 General housekeeping proceduras, while perhaps the simplest of all
 
control measures, is none-the.-.less extremely important and valuable.
 
Regular clean-up schedules, particularly where dust is a problem, are
 
essential in any control program.
 

In adcition to the specific procedures just enumerated, it is often important
to condust regular appraisals of the working environment by means of dust 
counts, air analyses and similar tests, thereby checking on the effectiveness 
of the preventive measures.
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The World Bank, Industrial Development, and the Environment 

Introductior
 

The World Bank Group--the single largest economic 

development institution in the world--follows a policy that
 

calls for every project proposed to it for financing in
 

developing countries to be examined for its environmental
 

implications and to have appropriate safeguard measures
 

incorporated. Industrial projects undergo a searching
 

evaluation of their pollution potential; that story, in
 

brief, is presented below following a description of the
 

World Bank Group as an institution.
 

THE WORLD BANK GROUP AND POLLUTION
 

CONTROL IN DEVELOPING COUNTRIES
 

The World Bank Group provides financial and technical
 

.help for the development of poor countries.
 

The Group consists of the World Bank (International
 

-Bank for Reconstruction and Development), IDA (Inter

national Development Association) and IFC (International
 

Finance Corporation).
 

The Bank and IDA are now lending more than $3,400
 

million a year to help raise the standard of living in
 

developing countries. This is well over one-fourth of the
 

total from all official sources outside the developing
 

countries themselves. The IFC has the same purpose, but
 

its role is mor, specialized; helping to stimulate growth 

in the private sector, particularly industry. It is now 
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,investing.nearly $150 million a year. 

ki-'jBoth; the Bank and,IDA have expanded rapidly in the 

last five yeats-as shown in the following tables: 

Table 1: Bank and IDA lending to
 

current borrowers1 1964-73
 

C(USS millions. Fiscal years.)
 

Number of Coun- Average Average
 

tries in ( ) 1964-68 1969-73 1973.
 

Bank only (33) $ 516 $ 1,154 $1,241
 

IDA only (25) 16 205 384
 

ank/IDA (35)
 

Bank 223 629 810
 

IDA 251 582 973
 

Totals $ 1,006 $ 2,570 $3,408
 

1
 

Member countries which have borrowed since fiscal 1968
 

or which are included in the fiscal 1974 lending program.
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Table'2:'; Bank and IDA lending to current
 

borrowers by principal sectors, 1964-73
 

(US$ millions. Fiscal years.)
 

1964-68 1969-73 1973
 

Amount % Amount % Amount Z 

Agriculture $ 124 12 $ 518 20 $ 938 28 

Education 31 3 145 6 276 8 

Industry1 120 12 364 14 377 11 

Population Planning 


Public Utilities2 


Tourism 


Transportation 


Urban Projects3 


Non-project4 


Totals 


- - 13 1 22 1 

346 34 706 27 849 25 

- - 16 1 - -

293 29 651 25 682 20 

- - 10 - 36 1 

91 9 146 6 229 7 

$1,006 $2,570 $3,408 

llncluding development finance companies. 

2Communications, power, water supply and sewerage. 

3Specif1cally to help with the "urbanization" problem. 

41ndustrial imports, reconstruction and rehabilitation, 

technical assistance, project preparation, planning. 
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In fiscal 1973. the Bank provided more than twice as
 

muph. and IDA nearly four tinesas much. financial help to 

developing countries as in.any year before 1969. These
 

funds are helping to support a wide variety of projects,
 

large and small, public and private chiefly in the follow

ing fields: agriculture, education, electric power,
 

industry, population planning, tourism, transportation,
 

telecommunications, urban development, water supply and
 

sewerage.
 

The Bank Group has also committed itself to helping
 

its 122 member countries with their many intractable devel

opment problems, including questions of income distribu

tion, rural poverty, unemployment, excessive population
 

growth, rapid urbanization and, of late, environmental
 

rehabilitation.
 

Although legally and financially distinct, the Bank,
 

IDA, and IFC are a closely integrated unit. Using funds
 

from different sources and lending on different terms and
 

arrangements, they have become a highly flexible instrument
 

for giving both financial and technical assistance to
 

developing member countries at virtually all stages of eco

nomic and social growth. Together, they constitute a true
 

development institution.
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On a global scale, the World Bank was the first insti

tution to be established with the explicit purpose of help

ing less developed countries raise their living standards.
 

Along with the International Monetary Fund (IMF), the 

Bank was founded in 1944 at a United Nations Monetary and
 

Financial Conference of 44 governments at Bretton Woods,
 

New Hampshire, U.S.A. It began operations in June 1946.
 

Membership in the Bank is open to all members of the IMF,
 

and 122 have joined. The Bank is owned and controlled by
 

its member governments.
 

The Bank's charter spells out certain basic rules
 

which govern its operations. Itmust lend only for produc

tive purposes, and only if there are reasonable prospects
 

of repayment. Each loan must be guaranteed by the govern

ment concerned. Except in "special circumstances," loans
 

must be for specific projects. The Bank must assure itself
 

that the necessary funds are unavailable from other sources
 

on reasonable terms. The use of loans cannot be restricted
 

to purchases in any particular member country or countries.
 

And the Bank's decisions must be based only on economic
 

considerations.
 

A unique feature of the Bank aA an intergovernmental
 

organization Is the fact that it relies mainly on private
 

investors for its financial resources. Most of the money
 

it lends comes from the Bank's own borrowings in various
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c pital markets. Although a total of $25,197 million of
 

,its authorized capital of $27,000 million has been sub

scribed, members pay in only 10%. The remaining 90% serves 

as a gurantee of the Bank's debt. It can be used only if
 

required to meet obligations to investors in Bank securi

ties.
 

Thus, investors who might otherwise never become
 

involved in the financing of projects in developing coun

tries are contributing to their economic growth. The Bank
 

has borrowed a cumulative total of $15,764 million, of
 

which $8,882 million is outstanding in 15 different cur

rencies.
 

Since the Bank obtains most of its funds on commercial
 

terms, it must charge its own borrowers a commensurate rate 

of interest. On average, Bank loans are repaid over about
 

20 years, and the current rate of interest is 8 percent.
 

Table 1 shows how Bank loans are used along with IDA
 

credits, on unusually favorable terms, to help meet the
 

needs of many of the poorest countries.
 

Aside from borrowings, paid-in capital subscriptions
 

and charges on its loans, the Bank has two other principhi"
 

sources of funds it can lend. Host important is the flow
 

of repayments on previous loans. These have amot ated to
 

$5,316 million. In addition, it often sells po''tions of
 

its loans to other investors, chiefly commercial banks, and
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uses these funds to make additional loans. By this means, 

it has been able to raise $2,500 million.
 

The Bank earns a profit on its operations, but it has
 

never paid a dividend, since all shareholders agree that 

earnings should be used to help developing countries. Paz
 

of the Bank's net earnings have been placed in reserves 

which strengthen its ability to borrow and most of which
 

are also available for lending. Beginning in 1964, the
 

balance each year has been given to IDA, increasing its
 

ability to help the poorest countries. These grants to IDA
 

have totaled $705 million, and net earnings applied to
 

reserves have amounted to $1,750 million. 

IDA
 

Unlike the Bank, IDA gets virtually all of its funds
 

n the form of contributions. This makes it possible for
 

the Bank Group to help countries that are too poor to bor

row from the Bank at all, and to ease the average terms of
 

lending to others that can afford to borrow only a part of 

their legitimate needs on conventional terms.
 

Nearly all IDA "credits," asthey are called, have 

bean for a period of 50 years, without interest except for 

,a small charge to cover administrative costs. Repayment of 

principal does not begin until after 10 years of grace.
 

The need for lending to many poor countries on much
 

easier terms than the Bank alone could give became apparent
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during the 1950s. On the initiative of the United States, 

endorsed by other members of the Bank and 1"bthe United 

Nations General Assembly, IDA was established in 1960 to
 

help meet this need. It was made an affiliate of the Bank,
 

to be administered in accordance with the Bank's own stan

dards of efficiency.
 

All members of the Bank are .eligible for membership in
 

IDA, and 112 have joined. Nineteen of the wealthier mem

bers have contributed 87% of all funds that have been
 

available for the Association's use, or $6,094 million.
 

Out of its net earnings, the Bank has contributed $705 mil

lion, or 10%, including $3 million earmarked for agricul

tural research grants. About $78 million has been con

tributed or otherwise made available by developing coun

tries.
 

The annual amount IDA can lend has increased by more 

than 400% over the last five years. During the period
 

1964-68, the Association was able to lend an average of
 

only $267 million a year. In fiscal 1973 its credits
 

totaled nearly $1,360 million.
 

These funds are carefully rationed for use in the
 

poorer countries. There are four main criteria that a
 

country muet meet in order to borrow from IDA:
 

1. It must be very poor. The "poverty ceiling" 

varies from time to time, depending on circumstances; it is 

1'-91
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nov 	roughly $375 a year of income per capita.
 

2. It must have sufficient economic, financial and 

political stability to warrant long term development lend

ing. 

3. Itmust have an unusually difficult balance of
 

payments problem, and little prospect of earning enough
 

foreign exchange to justify borrowing all it needs on con

ventional terms.
 

4. It must have a genuine commitment to development, 

reflected 	in its policies. 

About 70 countries would now be eligible under the 

first 	criterion. They include nearly four fifths of the
 

population of the 96 countries that are current borrowers
 

from the Bank, IDA or both. About 70% of them live in 

Asia, 24Z in Africa, 3Z in Europe (Turkey), and 4Z in Latin 

America and the Caribbean area. 

Under the second criterion, four of these countries 

have not been in a position to borrow from either the Bank 

or IDA. Fhk Various reasons related to other criteria, 

another six have borrowed from the Bank but not from IDA. 

Twenty five of the poorest have borrowed only from IDA. 

And a "blend" of Bank loans and IDA credits has been pro

vided to another 35. 

To the poorer countries, the importance of IDA as an 

Integral part of the Bank Group can be seen in the record 
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"loflaningas shownisinaTable 1.tWilhogt funds on IDA
 

terms$ any; signifleant vhelpsto the group of 25 very poor 

countries might well have-been impossible. Without the
 

ability to reduce the average debt burden by combining its
 

loans with a rising volume of IDA credits, the Bank could
 

not have increased its own support to the 35 "blend" coun

tries to the degree it has.
 

Thus the scope and flexibility of Bank Group help to
 

the poorest of the poor depend upon the volume of IDA's
 

resources. This is determined chiefly by the level of con

tributions agreed to from time to time by the wealthier
 

member countries. The amount from this source is now about
 

$800 million a year.
 

Operating Methods
 

Whether large or small, every project financed by the
 

Bank o IDA is considered in the light of the country's
 

total needs, capabilities and policies. This is essential
 

from the point of view of the Bank and IDA, to assure the
 

most efficient use of their own resources. It is even more
 

mportant to the people of the borrowing country, whose
 

hope for a better standard of life depends upon the effi

cient mobilization and allocation of all resources avail

able.
 

The first stop in response to each country's request
 

for assistance, therefore, is the conduct of a compre

4- %. 
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henive study of its economy.S. )The resulting "country eco

noide"teprt" is'used by: both the Government and the Bank, 

amid i kept up-to-date. It provides a basis for the Bank's 

own decisions on both financial and technical assistance. 

Ittoften serves also as a planning tool for the Government, 

and as a basic document for the use of other national and 

international lending agencies. 

The report describes and analyzes the entire economy 

and the country'a development policies, organizAtion and 

principal problems. On the basis of objective analysis,
 

it outlines a general order of development priorities 

among the various sectors. Whenever necessary, the coun

try study is supplemented by more detailed analyses of
 

individual sectors and relationships between them, which
 

help to throw lisht on the relative importance of alterna

tive projects in achieving the country's development goals.
 
o" Chiefly on the basis of the economic report, and after
 

consultation with the Government, a program of Bank/IDA 

operations in the country is drawn up for a five-year 

period. This is reviewed and revised annually. It takes 

into account the likely availability of other external
 

fance, as well as the country's own resources. The pro

,amprovides a framework for concrete proprosals for 

action to help the country carry out an agreed strategy of 

%development. Bach individual project is then considered 
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S_,There is no ",applicaion.forOr,for Ban or IDA finan

cing., ;SoatiMeS aTforual-requeta ,,,adeb letter, per

baps 'to :th Pres4entof ,theBank.0 Sorett s Bank staff 

membets or missions identify specific project possibilities,
 

discuss.7them wiLth ,the-,Governmentand, in some cases, help 

with the detailedvork required to descibe.and document 

thew. .Moreoften,projectproposals,,arise out of the Joint 

effortsaof Government3 and.Bank:.staff members in their 

,.search for solutions to commonproblems.,. -Nomatter how a
 

'proposal originates, however,,.the project is subjected to
 

careful analysis, including its environmental aspects, and
 

a detailed agreement.is.worked out with.the borrower before
 

a loan or credit is approved., 

S-Assumeforexample,:that technical,staffs of the
 

,,Governmentand-the Bank agree that .improvements in the road 

!system are a priority need for.attainment of the country's 

development goals. :'Often in. such,;a .case,; the Bank will 

reconnend that consulting :engineers be hired to draw up 

detailed plans. After-, this preparatory .work is completed, 

a staff mission.to make, a thorough,;the Bank,'will send 

appraisalk of all aspects of the,project,.. . 

When agreement is reached on details of the proposed 

.project and on financing requi.ement#,sa,,, forma] loan or 

-credit agreement'i. negotiated. If -,,thisis- sat isfac tory, 
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the President presents the proposal to the Executive 

Directorn,,who represent all member countries, for their 

approval., 

The approval of a loan does not end the Bank's invol

vement, nor does the borrower walk away with cash in his 

pocket. In most cases, the borrower seeks bids, on the 

basis of International competition, for the goods and ser

vices requiree The Bank releases money only as needed to 

meet verified expenditures on the project. Goods and ser

vicel paid for by Bank loans or IDA credits may be obtained 

from any member country or Switzerland. The Bank pays in 

whatever currency is required, and the borrower repays in 

,the currency used by the Bank. 

Bank involvement continues throughout the life of the 

project. The borrower provides periodic progress reports 

,and DBank staff members visit the site from time to time, 

helping to anticipate and overcome difficulties and to 

-assur that the project's intended benefits to the country 

are realized. This close supervision is facilitated by the 

fact that the borrowing country-is a part owner of the Bank 

and shares in the control of its policies and operations. 

As a cooperative multinational institution, the object of 

theIank is to sea that each project is carried out at the 

,laatpossiblecost and that it makes its ,full contribution
 

e,to the coutrys development. 
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how 'uch Sis 'bieiiht tb the current 

borrowers for different purposes duriig the last 10 years, 

and how the emphasis has been changing. Shifts in the geo-

Table 2 shows -

graphical distribution of lendii-are reflected in Table 3 

as follows: 

Table 3: Bank and IDA lending to 

current borrowers by region, 196473' 

CUS$ millions. Fiscal years.) 

1964-68 1969-73 1973 

Amount % Imunt % Amount Z 

Eastern Africa $ 71 7 $ 214 8 $ 342 10 

Western Africa 60 6 178 7 177 5 

Asia 387 38 '866 31 1,292 38 

Europe, Middle 

East, No. Africa 178-18 606 24 913 27 

Latin America, 

Caribbean 310 31 7()'27 685 20 

Totals 41,006 $2570 $3,408 

IPC
 

Llhe International Finance Corporation (IFC), estab

lished in 195'6, is the member of the World Bank Group that 

encourages the growth of productive private enterprise in 

the developing countries, especially in the industrial 
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sector. 

Hembership in IFC is open to all aovernments which are
 

members of the World Bank. On June 30, 1973, the Corpor

ation had 98 member countries.
 

[PC has total resources of approximately $616 million. 

That amount is tqade up of the Corporation's capital of $107
 

million, subscribed by its member countries, accumulated
 

earnings oi some $76 milliou, ability to borrow up to $428
 

million from the World Bank and a $5 million loan from the 

Netherlands. These resources are augmented'through repay

ments on IFC loans, which as of June 30, 1973, totaled $66
 

million, and sales by IFC of its own investments to other
 

investors.
 

IFC can orrer other resources to local and torelgn
 

entrepreneurs, sponsors, technical partners and similar
 

'investor_associated with its projects. For example, the
 

Corporation as 'ert knowledge on financial, legal, tech

niciaand related aspects of private enterprise in develop

ing'countries. IFC can also draw on the World Bank's wide
 

experience, as well as on its own contacts with financial
 

institutions, business concerns, economic development agen

cies and governmental organizations. 

The Corporation encourages private enterprise in the
 

developing countries principally by itself investing . pro

jects that either establish new businesses, or expand,
 

1-101
 



'World Bank 

-16

modernize or diversify existing businesses. 

Besides making its own investments 1FC can recruit 

capital from other sources, local and foreign, and obtain 

amanagerial and technical support for project. 

As of June 30, 1973. IFC had made 285 commitments
 

totaLing $848 million to 203 private enterprises, located
 

in 51 developing countries. Other investors had invested
 

approximately $3,372 million in these projects--making a
 

total of over $4,200 million. 

In addition to making its own direct investments IFC 

invests in regional and local development finance companies 

turn, smaller investments , in the privatewhich, in make I - ' , '.
 

sector in the developing countries than it is practicable
 

for IPC itself to do.
 

The World Bank Group and the Environment 

As stated earlier, the basic function of the World 

Bank Group is to prepare and finance projects for economic 

development in the developing countries of the world.
 

That purpose is paramount today; it will remain so
 

tomorrow. It is also the policy of the Bank 	Group that 

in the plancareful and studied attention must be given, 

ning and execution of its development projects, for the 

and the health and welconsequences to the environment to 

fare of 'affectedpeoples. 

prior to 1971, concernedThough the Bank Group had, 
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itself with the environmental implications of its develop

mental activities, no systematic procedure existed to iden

tify and examine those effects. More importantly, methods
 

to prevent or mitigate adverse environmental consequences 

had not, in all instances, been devised. 

Such an unsystematic approach was clearly seen as in

adequate in light of scientific data that has come to light 

in recent years about the specific and collective effects 

of unplanned development on environmental systems; and, the 

rapid growth of control technologies. 

En late 1970, the post of Environmental Adviser was 

established -id given a strong mandate to review and eval

uate every investment project from the standpoint of its 

potential effects on the environment. That solo post has 

now grown into an Offlne of Environmental Affairs which 

overseas the Bank Group's environmental activities, includ

ing especially, ensurir g that projects proposed for financ

ing are examined for their ecological, health, and socio

cultural effects, and appropriate measures taken to prevent 

or mitigate seriously adverse consequences. 

Important to this task has been the Bank Group's hand

book, Enviroamental, Health, and..Humpn Ecologic Consider

atione In Economic Development Prolects. Prepared for use 

by its own staff, the handbook has found widespread use 

throughout the developing world, including government 
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planners, borrowing entities, engineering and construction
 

firms, consultant organizations, universities, etc. As
 

environmental cqnsiderations have more and more become a
 

fixed part of Bank Group operations, these guidelines and
 

criteria now cover many different kinds of project possi

bilities and settings and are used in the evaluation of
 

environmental impacts of virtually all projects.
 

Experience in environmental evaluations within the 

Bank Group has given rise to a series of operations which 

are now being followed for each project believed to have 

significant enviromental/health/human ecologic impacts. 

In brief these include:
 

In-house study of the proposed project utilizing
 

the Bank Group's technical staff.
 

On-site "environmental reconnaissance" to determine
 

likely impact of the project; the problems, if any,
 

likely to result; recommendations for preventing
 

or mitigating such problems; or recommendations for
 

in-depth studies of particular environmental
 

responses.
 

In-depth studies are the subject of multi

disciplinary investigations conducted under terms
 

of reference carefully tailored to the conditions
 

and requirements surrounding the particular project,
 

or component thereof.
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Pro6jects of such a nature that their dnvironmental 

1i acts 'ae ,of unique importihnce to a',regional or 

global audience, and wherein singularly unique and 

important environmental values are involved must, of
 

necessity, be the object of comprehensive and 

detailed 'studies to determine how or if the project 

can proceed. 

Projects for which environmental safeguards or con

trols are to be included are examined during the 

Construction and pre-operation stages to determine 

their adequacy and sufficiency in light of any 

changes which may have occurred subsequent to final
 

appraisal.
 

Projects in operation are examined periodically to
 

deiermine the continuing adequacy of environmental
 

safeguarda, and the need, if any, for new or improved
 

controls.
 

Projects involving important ecological systems are
 

subjected to "environmental post-audits" at appro

priate points in their implementation to determine
 

the"accuracy of the pre-project impact assessment,
 

and the actual consequences for such systems.
 

r each and every project subjected to one or more of
 

the steps cited above, the environmental safeguards which
 

mIay be indicated are the object of cost/benefit analysis.
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Bffort are pcontinuing to develop a more suitable method

o~ooy. for identifying and quantifying the diseconomies, 

social andl opportunity costs, and benefits to be antici

,pated. The difficulties experienced in this regard are 

many, and are the subject of increased research. 

The environmental studies seen as being requisite to 

financing a project are, in most linstances, financed by the 

borrowing entity, in much the same manner as other aspects 

of project,preparation, such as engineering, geology, mar

keting, etc. In some cases involving poor countries, the 

Bank Group may finance the required studies. Increasingly,
 

the borrowing entity is encouraged to make the necessary
 

studies, while the Bank Group reserves the right to approve
 

the terms of reference and the qualifications of those
 

employed in their conduct. The Bank Group does assist,
 

where.appropriate, in preparing the terms of reference and
 

In defining the disciplines to be used in the studies. In 

some nstances, the Bank Group will conduct the required
 

studies being financed by the borrower. In any event,
 

findings of environmental studies are shared jointly with 

:the borrower, member country government, and the Bank
 

Group. 

Thus, .while noformal "impactsta~ement" on the envi

romental 'consequences of a development project is strictly 

required, the Bank Group does require that major adverse 
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effects be avdided"r6ritigited 'and'as indicated$ has estab

'lishid "ystemti .'.procedures for accomplishing"this. To 

date, all protjects requiring safeguard measures have been
 

successfully negotiated with the 'b6rrower and member coun

try.
 

Industrial Projects 

The g4idfelines for industrial projects'given in the 

Bak'Group's handbook follow a progression of check points
 

designed to accomplish two main purposes: the prevention
 

of deterioration of natural resources so that they can con

tinue to provide the basis for further and sutained eco

nomic development; and, the provision of adequate warning
 

of the side effects of'project development which may incur
 

costs not identified in ordinary review procedures.
 

'The first purpose, protection of the resource base for
 

future development, aims to identify opportunities in pro

ject design which will facilitate the full utilization and
 

renewal of resources where possible or, the conversion of
 

resource sites to alternate subsequent uses where renewal
 

is not possible. The guidelines also seek avoidance of
 

depletion and destruction in the sense of leaving areas
 

with no future uses or in a condition to do harm to other
 

related resources.
 

The second purpose, to call attention to undesirable
 

side effects, aims to bring external effects or social
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costs -not .ordinarily calculated, into,,'the. oyerall ,project 

,eyaluation,.,. In tb*9 case, the rate,of return pn the pro-

Ject and the economic return to society may be different 

so that the total expected costs have to be weighed against
 

total expected benefits.
 

The objectives require a compilation of information in
 

a frame of reference of sufficient breadth of scope and 

time to Identify the relevant context for project evalu

ation. Nine different steps are outlined; they serve to
 

link the particular project first to the natural resource
 

origin of the raw material to be handled and finally to its 

eventual resting place in a disposal area. The steps call
 

attention to the place of the project being appraised in 

the context of the cycle from extraction to disposition.
 

A second feature limits the concern of the analyst.
 

In order to incorporate environmental considerations into
 

the concerns of economics, the environment has, to be treated
 

as an economic entity. It must be demonstrated to have
 

scarcity, priorities, and alternatives for action. Without
 

an awareness of these three characteristics, environmental
 

evaluation reduces to assertions which cannot be handled
 

through economic analysis. Whether cir not these economic
 

characteristics of the environment are quantitatively 

expressed is not the only issue. Analysis can proceed as
 

long as there is a sense of scarcity, priorities and
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alternativesi
 

Environzental considerations :have :often-lieen excluded
 

from economic analysis because they could not be handled
 

with current analytical tools. The development of;neces

sary concepts is still in the early-stages and the criteria
 

articulated here are minimally necessary to proceed.
 

The state of the art of incorporating environmental 

criteria is not only complicated by conceptual difficul

ties, but also by an absence or relative paucity of both
 

the data necessary to assess effects and the dynamic pre

dictive models which employ the data. Thus, the need to 

make difficult judgments, in order to assess the risk of
 

uncertainty of prediction as well as weigh the costs asd
 

.benefits. The difficulty is compounded by the fact that
 

many environmental judgments do not have to deal with the 

mperatives of survival, but with differences in values 

of substance and timing. Thus, poor men may value -jobs 

more than aesthetics and may be willing to make short term
 

gains now and hope to repair the damage later. The guide

lines point the way to making these choices consciously, 

but they cannot make the choices themselves. They- are 

guides rather than absolute prohibitions or assertions of 

certain fact. 
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Environmental Guidelines*
 

,,heenvironmental ,giJudelnes 

.include a broad arr.ay.of,-concerns .designed-to assess costs 

xleadingto impairment of future ;productivity of a country's 

-natural resource base and the :side effects of investments. 

As indicated in, the -ni.ne !steps of analysis (presented below) 

.the mpact of investments on the human environment requires 

a eystematic and integrated view of projects which links 

them to materials flow within production-processes and 

throughout the economy and society., This widening of the 

:scope of concern is justified because incremental change in
 

T ..for project .appraisal 

particular cases has led to a broader impact. 

Proceeding through the nine steps from natural
 

resource linkage to optimization calls attention to the
 

nterrelation of choice of process with recycling and reuse
 

potantial, of plant location with urbanization issues, of
 

waste management with process design, and other such con

nections which make the integrated project design sensitive
 

to 'environmental needs.
 

*Ecerpts from Chapter 9, Guidelines for Estimating Indus

trial Environmental Impact of the the World Bank 1973 pub

lication Environmental, Health and Human Ecologic Consid-


Orations in Economic Development Projects.
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There will be"c:onsiderable variation of-lopportunity to. 

make an integrated-appraisal for there is variation in the 

degree and timing lnvolvemient by the-economic development 

"institution,. There-will be variation in economics, natural 

condltlons, ana interests in the issueb addressed. Over
 

time, i: is increasingly likely that the full range of
 

interests expressed here. and perhaps others, will play a
 

significant role. The following outline of environmentally
 

sensitive target areas in current industrial projects lend

ing is intended to-cail attention to relevant factors.
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Step 1. Natural Resource Linkage: This step includes 

e.vironmental considerations from the original extraction 

of the ore or otherresource to the time it enters the pro

jected plant. If the material is an import the linkage may 

start with its arrival in the country. The natural 

resources would include (a)all organic material such as 

liquid, solid, and gas fossil fuels and other organics not
 

used for fuel including crude oil; (b)all inorganic ores
 

.leading to the fields of fertilizer, ceramics and cements, 

and other basic chemicals; (c)all metallic ores whether 

complex or native metal; and (d)all ,primary and reusable 

materials including agricultural and marine products for 

food and industry. 

,_-An example of this linkage can be seen in a decision
 

to fund a naphtha cracker, to produce feedstock for poly

eGthylene. The linkage would begin with the drilling of a
 

,weLlor with the.arrival of the crude at the seaport, go
 

through the refining process.to separate the naphtha frac

'tion~by."distillationt and then follow on to the actual
 

ibuilding of the cracker, the-'project under consideration.
 

,Theparticular problems to be considered in this linkage
 

would be oil spillage, oil storage and transportation, and
 

the refinery operations. The refinery would produce a
 

'antge,of gases, liquids, and solids, ofwhich the naphtha
 

feedstock would be only a small part. Plans for the full
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range of waste materials should be formulated at the same
 

C22e. 

'~"Stop 2.' Proceiss' "This stiep includes the decisions on 

"Ic''processes to be'i~sid in i projected plant, the 

aure(sof"'energy for power and heatand te supply of
 

air 'andwater. The enviroimentil aspects of any projected
 

plant start with the decision to use a particular process.
 

An environmentally sensitive decision includes a consid

eration of by-products and wastes and their abilities to be
 

either reused or assiilated.' The source of energy con

siAers available materials in the area besides the tradi

tional supplies, whether there be waste gases or liquids,
 

or perhaps tree bark or other solids with potential heat
 

content.
 

'Airand water can be thought of as chemical inputs to
 
after use to be considered as
 

Scarefully as before use. 'To'ensure more complete mater

als ut£iaation, the raw materials ineach,step can be'
 

-chosen from the possibilities in the area including by

productsoand wastes which might be available but often are
 

excluded by a centralized designing source., The selection
 

of the process or processes can be made from a collection
 

'of all these facts."
 

C€opper extraction susgests an example of an environ

mentally seneitive decision." Although most',6opper is
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extracted from its ore by smelting and then electrolytic
 

refining, there are alternatives. Depending on the partic

ular ore to be processed, there are roast and leach tech

niques or just leaching itself. The leaching approach 

avoids the formation of sulfur dioxide and instead pro

duces a waste liquor which can regenerate the leaching sol

ution. This process can provide an alternative to the for

mation of sulfur dioxide and subsequent production of by

product sulfuric acid by extracting sulfur when this is a
 

more convenient by-product.
 

A similar line of reasoning can be made for flash
 

smelting. In this process the sulfur dioxide gas will be
 

richer, thus allowing a more profitable operation of a by

product sulfuric acid plant for those cases where there is
 

a sufficient acid market. Oxygen enrichment is another
 

method of increasing the sulfur dioxide content of the off
 

gas and thus increasing the sulfuric acid recovery or allow

ing the production of liquid sulfur dioxide, another mar

ketable chemical. 

The decision to use one process instead of another is 

made by considering the by-products as wall as the product. 

In this way, economic gains through reuse or resale of 

theme wastes can be made greater and environmental degra

dation through waste disposal can be minimized. 

Step 3. Site Assimilative Capacity: The purpose of
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this guideline is to analyze and interpret a proposed 

site's natural resource characteristics for its ability to 

sustain an industrial project's environmental impact. It 

is assumed probable industrial project stresses on the bio

physical environment (scope of impact) will be delineated 

during Step 2 project process guideline assessment. Envi

ronmental parameters relating to water, land and air shoual 

be inventoried and interpreted to identify those implicit 

and explicit characteristics indicative of project impact/
 

stress on the fragility of the local ecosystem. Direct and
 

indirect effects should be assessed within this guideline
 

framework to ensure least cost in natural resource degrada

to the local site as well as direct or indirect
tion 

effects over time to the regional environment.
 

Site assimilative capacity should not necessarily be
 

constrained only to the environmental impact of an indus

trial project. Local and regional natural resource charac

teristics should be assessed for land use assimilative
 

capacity. Proposed settlement patterns generated by an
 

industrial project should be compatible with the land and
 

its related resource characteristics; e.g., basic infra

structure such as water supply, sewage and solid waste dis

posal, road layout and design, land'stability for housing
 

construction and other land use settlement criteria should
 

be considered as part of the site assimilative capacity
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guidel - -

The choice of site does not only imply constraints,
 
but also, opportunities. Through the application of density
 

controls for land use, the costs of abatement technology
 

might be eliminated where the assimilative capacity is not 

exceeded .and ,standards can be maintained. 

A proposed coal mining operation site exemplifies site 

assimilation guideline application. A major environmental
 

pollution problem is created by acid mine drainage occur

ring when pyrites--iron sulfides usually found in coal
 

,deposits--are exposed to air and water. The pyrites-

oxidized to sulfuric acid and ferrous sulfate-leach 

through natural drainage waters and trickle into streams
 

creating major pollution problems. The sulfuric acid not 

neutralized by receiving waters destroys vegetation, fish
 

and other water biota rendering streams useless for recre

ation, water and food suppl/. Therefore, attention should
 

movebe given to the hydrographic character of groundwater 

aents and gradients in the vicinity of operations to deter

mine the natural capacity to neutralize drainage waters. 

Where site conditions might lead to water pollution, alter

native abdtmaent tactics should be considered. The alter

:natives for ,coal mining include: (1) closing the mine to 

,,o yganafter use by filling with an inert substance such as 

sand or by sealing, (2)neutralizing the waste liquor after
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it is formed by means of lime or limestone, (3)treating
 

and recycling the chemicals in the liiquor. 

Step 4. Waste Management: The most important consid

eration 'in waste management i's that the alternatives be 

planned to fit with the process'oi processes and the site.
 

Emphasis should be placed on use or reuse of-'the materials
 

whenever possible, and assimilation back to the natural
 

ecosystem as a last resort. In this way treatment is not
 

the complete pollution solution, rather it is a part of the
 

solution in making the material(s) fit--for reuse or for
 

assimilation.
 

Step 5. Operation and Control: The objective of this
 

guideline is to develop and maintain a project administra

tive framework capable of monitoring a facility within con

straints indicated by previous guidelines--especially the 

perforwmce of process and: control devices. As a minimum, 

staff structuring might include expertise in environmental 

engineering applicable to the proposed industrial project. 

Environmental functions include monitoring systems appli

cable to materials flow from raw material input to final
 

product output to ensure that tolerances are maintained 

accordin to design specifications. In-house research and 

development might beconsidered to ensure project effi

iiency and conservation of materials.L Data compilation 

over time can be analyzed to monitor deviation from 
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baseline (starting) conditions and the approaching threat 

of exceedIng thresholds of ecological carrying capacity. 

An environmental engineering staff can serve in evaluating 

a change in process technology or industrial project expan

sion. Where feasible, simulation models can be developed
 

and projected effects analyzed for project efficiency and
 

environmental impact. Project quality control criteria
 

could then include an active assessment of accumulative
 

effects of waste streams.
 

Step 6. Social Aspects: This step previews social
 

mplications for the environment generated by industrial
 

project investments. Social aspects, especially of those
 

industrial projects employing a large labor force, influ

ence in-migration of populations thus affecting land use 

patterns.
 

Locational requirements attendant to the in-migration
 

of a labor force and its famlfies' impact on land use pat

terns should be evaluated in the light of available food,
 

water, shelter and accessible transportation systems, based
 

on localized institutions, mores and customs. Medical and
 

other public services should be available or accessible.
 

The social implications of product output consider
 

effects on local land use patterns, e.g., cement manufac

turing's effect on localized construction or a fertilizer
 

plant's influence on agricultural techniques and the
 

it-
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attendant changes in socialt economic and land use struc

tures. The guideline can consider such broad issues as the
 

desirability of labor intensive technologies to aid in ful

filling employment and income distribution goals. Consid

eration might also be given to the impact of population 

movements on rural life. 

Guideline assessments should generally preview the 

land and its related resources, identifying the ability of 

the area to sustain development pressures generated by hab

itation patterns characteristic of local cultural prefer

ences. Attention to these potential problems can lead to 

desirable social cohesion and minimal social disruption. 

The effects on the push-pull of urban-rural migrations need 

attention, for the instabilities of urban life can be 

aggravated by adding industries to cities where the fixed 

capital of the infrastructure cannot effectively handle 

increased population loads and the tax base can tolerate 

little or no expansion. 

Cost calculations of social aspects might include many 

different aspects: some quantita'tive, such as the cost of 

the provision of adequate worker housing; some qualitative, 

such as cultural change induced by relocating families or 

social tensions induced by crowded conditions. The assess

ment of social costs is not a simple engineering assessment 

and needs to be done in the light of broader qualitative 
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criteria than are traditionally considered in project app

raisal. This broadening of the definition of environmental
 

assessment leads .to linking project design with overall
 

economic development goals and may or may not be done at
 

the project level. However, specific project design in
 

terms of location and physical layout can be affected by
 

the more qualitative judgments, and attention would be use

fully paid to dealing with the social issues somewhere in
 

the appraisal effort.
 

Step 7. Health Aspects: This step calls attention to
 

the need to monitor and consider maintaining the health and
 

welfare of project employees and local and regional popula

tions adjacent to the project facility. In-house safety
 

procedures can b& designed through employee education and
 

clear and concise management policy statements pertaining
 

to operations. Job specifications can be communicated to
 

ensure efficiency and safety operations. Product safety
 

hazards, implicit and explicit, should be clearly defined
 

for consumer protection, notably in export industries to
 

countries with high environmental standards. Attention
 

needs to be paid where chemicals, petro-chemicals, ferti

lizers and other products for consumer use with possible
 

cumulative concentrations have effects on human health and
 

'welfare. Pollution vectors--water, land and air trans

port--should be closed or minimized where local and 
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regional health is affected by the transport of disease. 

Public health standards "shouldbe set and maintaried 

through regional or local institutions based upon eco

logical, economic and human susceptibility criteria.
 

Water quality, ambient air, sewage and other waste water,
 

land use and other standards as they relate to human
 

be implemented with appropriate flexibility tohealth, can 

prevent environmental conditions capable of sustaining the
 

growth and cumulative concentrations of germs, viruses, 

toxic chemical emissions, haphazardparticulate matter, 

For instance, air
land disposal of toxic wastes, etc. 

." 1 , 1 i 1 !, , AI , ' ' , I ,- ! ,-i , 

quality criteria are affected where meteorological condi

tions are conducive to inversions, such as in river valleys
 

which trap emissions with probable effects on human health
 

and welfare; e.g., increased prevalence of chronic bron

chitis and emphysema in adults, diminished pulmonary func

colds and minor restion, increased frequency of common 

piratory ailments. 

An attempt to quantify haalth aspects which simply 

assesses the economics of worker-days lost through absen

teeism, or the costs of medical-clinics to provide cures 

would miss the most important cost of human discomfort. An 

assessment of this cost would have to be traded off against 

the illnesses associated with non-productive economies 

having poor levels of healt'dueto poverty.'- The"net cost 

4-2 
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calculated on this basis would then be more inclusive, even
 

though itwas ,not associated with dollar value.
 

Step8., final Resting Place: This step is considered 

in the overall evaluation in a manner similar to the
 

natural resource linkage, in order to complete the natural
 

cycles. Everything ends up someplace, there is no such
 

thing as ultimate disposal. The step can be as complicated 

ras a mercury flow chart locating every gram of the metal, 

or it can be as general as a paper discussion showing the
 

amount to be recycled into pulp, the amount to be saved,
 

and the amount to be dumped. The step must be included,
 

however, for every disposal technique has a cost associated
 

with it. In some cases, the cost may be high because it is
 

a ,non-degradable substance, or because it has an intermed

iary or final product which is toxic. All these costs
 

require evaluation. 

A plant producing poly vinyl chloride can serve as an
 

example. This is a non-biodegradable material which is
 

resistant to compaction and large amounts could not be
 

handled in sanitary land fills or compost heaps. Alterna

tive means of disposal such as salvage or high temperature
 

incineration would have to be considered. Not only do the
 

solid, liquid and gaseous wastes from the project itself
 

have to be considered, but the costs of disposal of the
 

product after use should be included. In the case of poly
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vinyl chloride. it may necessitate a higher-priced method
 

of'aspoal.
 

It is'not ossible.toidet fy-the range cf dollar
 

costs precisely because the cost of colle tii the cost of
 

h land for disposal and the'capacity to ecoVe* va'luables
 

from generalized waste varies considerably according to the
 

c racter of materials in an economy-,
 

Step 9.' Optimization: The analysis of costs of the
 

various alternatives for protecting environmental values
 

and for protecting natural resources will have to augment
 

traditional costing procedures in order to accomplish over

all optimum project design. The previous eight steps have
 

called attention to information requirements which are
 

reviewed in the last step. Choices of industrial processes
 

or choices of techniques for mining and harvesting forest
 

products will all be associated with different costs.
 

There will be considerable variation from project to pro

ject in terms of amounts and kinds of costs, and the aim
 

'in this guideline is to establish concepts which guide the
 

judents to be rendered. Environmental cost analysis can
 

be conceived as having two parts. The first deals with who
 

beaes the costs and the second deals with determining
 

amounts of costs.
 

There is already a body of literature on 'who bears the 

costs and. economists have made a convenient'dist'eition
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i ,betieen,those internal costs borne, by the firm, which may 

affect the-financial ,rateofreturn, and those external
 

costs.,absorbed by the society, which may affect the eco-


nom.c7,;Ote of return. Guidelines cannot determine who will
 

bear the/costs,,for proper assignation of costs is depen

dent ,on circumstances which vary from society,to society.
 

.Howeyer, the,guidelines do need to consciously examine
 

totaLcosts to avoid overlooking the full range of require

ments for project design and evaluation. 

It would require a substantial theoretical treatment
 

Ftofexamine the alternative modes of assessing costs, for
 

tenvironmental costing techniques are not as well developed
 

as other economic guidelines. However, as a general rule,
 

pthe information gathered in the first eight steps should 

soffice to bring to mind such factors as public health 

effects. For example, some of the costs of air pollution 

ffrom sulfur dioxide levels which exceed the threshold of 

"'human' tolerances can be noted in terms of man days lost 

lfrom work'as well as public health facilities to effect 

._.cures, as well as the qualitative judgment of the toler

ablityi of respiratory illness.
 

,, For,another example, the costs of river pollution, may 

lbe. thec;;ost .of a water treatment plant downstream to render 

wate7, potable, or the opportunity cost of using ,the eco

logical carrying capacity of the river for a more 

/t!
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productive enterprise, or for public recreation, or for 

-'ri" 16dhin.... n'. forest. fauiagementf.. 41o ano'ther +example ,' 

tec njes use in a pupi proj ct Zmight result inisro

sii"nj 'can severely liitthe life of a downstream'dam 

through 'siltation, causing earlier amortization than'_pro

jacted. 'Erosion can also-deny a second'use 6f "'the iland"J
 

such as agriculture or can deny possible multiple uses"of
 

the' land'which could help defray overhead'costs.e Forestry 

°ii ttifg +procedures create opportunity 'costs 'in' terms lof 0 

later benefits to be derived suchlas satisfying aprojected 

demandfor: construction materials for public housing. 

.....In'each case the costs can be'-identified from"calling
 

attention to the information from the:guidelinles'e"" Whether
 

tliese costs are borne"by"the project or by the society :Is a
 

matter for'discussion and negotiation-inleach casel."V It!may
 

often be+the case that the'social benefits from a project
 

i"Iloutweigh the-social costs so that 'the' net'judgment 'for
 

the project is'positive and the assignation of the costs is
 

accepted by 'the society.! Historically, this has oftenti.been 

truei'but recent changes in public values and.strategies of 

ecoioic development require a reassessment of the position. 

A framework for determining costs will evolve from'r: 

experience. Before the nvironment'+can be'handled by the 

tools of economists, it must at least'have the 'character'

letice of scarcity, prioritites, "and'aiternatives. The 
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guielines have been designed to satisfy these needs with
 

information bearing on eacn. bcarcity arises from the fact
 

that.environmental assets such as clean water and air, have
 

a limited capacity to absorb materials before they change
 

state. The change of state may be through destruction of
 

water bodies due to excessive nutrients which support plant
 

life.in water. The cost may be aesthetic, such as the loss
 

ofa lake, or it can be directly economic for such water
 

chokes intake filters and cooling mechanisms of machinery.
 

The change of state is due to the scarcity of carrying
 

capacity for pollutants which represent materials outside
 

of natural cyclical patterns. Such scarcity is the reason
 

why the guidelines have called attention to monitoring and 

standard setting in order to know how much room for assim

ilation of materials is left before adverse changes of 

state must be borne. This scarcity of assimilative or 

Carrying capacity also has led to emphasis on recycling and 

efficient use of natural resources in Steps 1, 2, 3 and 8. 

Nature is constantly changing state, with or without 

the intervention of man, but industrial activity can hasten 

these changes and can send them in unfavorable directions 

with resulting counterproductive costs. That is why pri

orities need to be established. Whether or not changes of 

natural state are tolerable depends on priorities in eco

nomic development strategy. Global survival may take first 
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place and environmental damage which threatens man as a 

species would therefore be 'inioilerable.' ++H6wever, "the " ir

dence that survival is at stake needs turther aeveiopment 

and anything less than that is a relative matter subject'to 

ordering of priorities. Thus, whether or not developing'
 

countries want to repeat the public health costs borne by 

the developed countries is a matter of priorities and trade 

offs. The guidelines will indicate what the costs are, but 

how they are weighed is a relative matter. Economic devel

opment includes a mixed set of goals and the values of the 

environment impinge on many of them. 

In the sense that other non-economic decisions are 

taken as parameters by growth economists, the environment 

is no different than employment goals, or income distribu

tion goals, or political stability. The qualitative mix of 

economic development priorities will just include one 'more 

element. This element will have to seek its place in the 

,priority schemes of planners, for allocating assets for the
 

future is their task.
 

To help determine the place of the priorities for envi

ronuMental and resource protection, alternative solutions
 

have to be sought. One of the major alternatives which may
 

be open to project designers is time. One can mortgagd the
 

environmental future by destroying now Iand hoping it possi

ble to clean up later. This argument will have much
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currency, in. that it+ is the path which developed countries 

have taken..,However,. cost analysis will have to include 

some~assessment of how much time is available before die

economies set in and how much the cost of reversibility
 

will be. In some cases reversibility will be so costly, or
 

biologically impossible, that there will be no choice. The
 

guidelines for site assimilative capacity in Step 3 include
 

information on threshold values and the possibility of
 

reversibility.
 

There are other alternatives besides time. Process
 

selection as indicated in Step 2 is specifically designed
 

to evaluate alternative methods of achieving the economic
 

goals without incurring costs which must be paid, how or in
 

the future. There are different techniques for foresting
 

on slopes which will forestall erosion and avoid costs.
 

Once.again, however, whether or not the costs are deemed
 

to be serious or are outweighed by the benefits, as indi

cated in pricing mechanisms is a matter of relative 
prior

ities.
 

Some Case Studies
 

For illustrative purposes extracts of five selected
 

These project cases
 case histories are presented below. 


are,drawnfrom the period during which the Bank Group has ,_ 

made special efforts to enlarge its project analysis; that
 

is, early 1971 to the present.
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Case.Study No. 1: Iron Ore Project 

prject provided fori the exploitation ofl liage)''Riep 


quantilties of high grade iron'ore," and its rail'! tranSpor

tation from the country's interior tos 'arine terminal to 

be constructed on' an island located within the boundaries 
of a largily unspoiled estuary. At the"terninal, site itin 

the bay, large (300,000 -500,000' tons) combiation 'oil/ore 

boats would load the ore for distant world markets. 

The Bank's announced policy to pursue economic devel

opment with studied regard for environmental quality was 

put to a test by this large project which presented a num

ber of apparent potential environmental problems. Expres; 

sions of concern were also received in letters addressed to 

the' Bank from individuals who conceived of potential im

pairient of their respective interests. The bay's aes

thetic beauty and recreational opportunities caused the 

population to swell from about 3000 permanent 
residentsv to
 

some 150000 during the summer months. It also supported An'
 

important shellfish and fin fish industry. The apparent
 

threats therefore called for an immediate 'n-site study and
 

the Bank Group accordingly dispatched a multi-disciplined
 

team of consultants (marine biologist, fisheries and shell

fish expert, and oceanographer/marine ecologist) to iden

£v likelv nroblams and recommend measures for their solu.6 
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cq The~studies revealed interalia a, poor. circulation
 

patternaround-,the, island that would, prohibit efficient
 

dispersal-of,any future waterborne waste emanating from the
 

ore terminal. The extensive biological sampling program
 

carried out,throughout the bay established the major biotic
 

communities as benchmarks against which any future chanaea
 

may be related.I,,j 

Thetourism potential of the area was evaluated, as
 

was the environmental impact at the mine site, along the
 

rail, transportation route, the rail trestle crossing the
 

bay tothe island, and ,the terminal site on the island
 

proper.
 

The plans for the island terminal, as approved, invol

ved construction,of the railway access bridge, conveyor
 

trestle and pier, ferry and tug dock, dredging, water and
 

electrical systems and facilities to handle oil slops. The
 

national'law provided stiff penalties for dumping slops
 

into coastal waters but protection for the bay in this
 

regard was weak. The Borrower therefore agreed to prepare
 

plans :for dealing with slops at the terminal, for disposal 

of solid waste and sewage originating at the terminal and
 

transferred from ships using the terminal, and to develop
 

-ontingency plans and maintain standby equipment to mini

mize the effect of accidental spills at, or in the vicin

ity of, the terminal.
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Standards for air and water pollution and details of
 
the portegulati issued bteBorrower to govern'shipsthe~~ euaonisedb~ ~ pt~~~ y .the ...o.... 

on the meritsthe facility *ere detined 

and needs of the case:at higher levels than existing, local 

u "ing term 

regulations would demand., 

It was agreed that the Boirower wuld-take all steps!. 

to preserve the ecologica integrity of 'the part of the 

for the marine terminal and wouldisland not being used 

preserve in its entirety a small'er island 'located between 

the terminal site and the mainland, and would terrace, 

atlandscape and otherwise provide for the Visual amenities 

the terminal site, prohibit the erection of advertising
 

the island adjacent mainland, andbillboard signs on or 

arrange for continuing studies of the impact of the pro

ject on the environment. Blending colors would be used for
 

painting of facilit ies,' and the trestle designed to serve 

as a catwalk for fishermen and tourists.
 

were'At the mine, conventional open-pit mining methods 

already in use for ore extraction. Practices there demon

ited the Borrower's own Iinterest in environmental protr 


tection. The now ore preparation plant would consist of
 

primary crushing, strening, secondary crushing, final 

screening and washins, and hydraulic classif.tcation facil

ities. Drills for blasting will be equipped with dust col

lectors. Duit on haul roads willibe minimized by 
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sprinkling. The crushing plant will be equipped with dust
 

collectors connected to hoods at the feeder and crusherS.'
 

Water sprays will be used to control dust on open piles of
 

ore stored after crushing, and tailings or a siurry ot tine
 

hematite sand and slime from the processing will be thick

ened by passing through a cyclone, and the reclaimed water
 

will be returned to the process plant. The final slurry
 

and natural runoff will be stored in a pond formed by an
 

earthen dam in a valley behind the plant. Pond water also
 

will be recycled to the plant after treatment with a syn

thetic polyelectrolyte flocculant to clarify the water.
 

Erosion in the mining and processing areas is to be
 

minimized by various means including lined ditches at the
 

top levels to carry off water. Reforestation will be
 

applied to control erosion at the mining site and to mini

mize the visual impact of land stripping. Sanitary wastes
 

from the facilities will be treated in an aerated sewage
 

treatment plant.
 

Only limited solutions were found for the problems of
 

safetyp noise and dust on the rail line for transport of
 

ore to the terminal. Heavily loaded ore trains will move 

frequently and the rail line will pass through several pop

lulated areas. 

The Joint effort by the Bank Group and Borrower loo -

Ing to the conservation of the ambient region of the 
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terminal for the future set an example in applied environ

mental policy and provided a practical demonstration of the
 

relatively low cost, about 1.5 percent of total project
 

cost, and slight delay involved in devising measures to
 

avoid or minimize pollution and landscape defaczement. The
 

foreign exchange component financed by the Bank, $96 mil

lion, constituted 34 percent of the total project cost.
 

The values of prevention were in this case very large
 

for the community and the nation because of aesthetic worth
 

and because of avoidance of losses that would be critical
 

for the smaller industries of tourism and the significant
 

she'l and fin fishery. Protection also was afforded for an
 

estuarine nursery ground for'important coastal fish stocks.
 

The eventual fate Of the estuary 'isuncertain for tfie long

term in view of other planned and potential industrial
 

activities. Another industrial project on the bay, how

ever, which has been financed in part by the International
 

Finance Corporation (IFC) has received similar treatment to
 

protect the local environment and offered an opportunity to
 

reinforce the Bank Group's views of the need for long-term,
 

integrated environmental planning.
 

Case Study No. 2: Mining and Infrastructure Project
 

The project, located in a country which' becaeiade

pendent in the 1960a and is at the bare beginningiof idds

61al development, comprisea anF open-p t mine for, 
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extraction of copper and nickel, a smelter, coal-fueled
 

steam power plant, 40 miles of rail and road connections,
 

and a new township. The township is to include buildings 

for public administration, health care and four schools,
 

housing suitable to the cultural requirements of the 2000
 

employees, water supply, and sanitary waste disposal.
 

Several international agencies participated in this 

project in which the Bank financed $37.5 million out of a 

total capital cost of $185.5 million. The Borrower was the 

national government. 

Under the terms of the loan agreement with the World
 

Bank Group, the Government agreed to take all action, 

including enactment of legislation and regulations, to 

ensure that the operation of the mining project and infra

structure would be conducted with due regard to public 

health and the natural ecosystem. The government will 

cause the mining company to comply with the laws and regu

lations and will consult with the Bank Group before making 

any changes in them. The government also will act to con

trol pollution in the construction stages and ongoing life 

of the project. To assist in fulfilling these require

ments, the Bank Group provided an expert environmental con

sultant° Consultants also were engaged directly by the 

government and by the mining company. 

The principal environmental hazards are atmospheric 
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Pollution caused by sulfur content in gaseous emissions
 

from the power and smelter operations, and water pollution
 

from the mining operation.
 

The distance between the smelter and power station and
 

the future town is two miles, probably not sufficient for
 

full protection from occasional exposure to exhaust gases
 

and dust, although the prevailing winds were taken into
 

consideration when determining the township location. The
 

government recognized the need to examine the potential
 

effect of gases and dust on the health of the human and
 

animal population, fauna and vegetation of the area, and
 

engaged a consultant through the British Ministry of Over

seas Development, to investigate and report measures neces

sary to keep all aspects of pollution from the mining plant
 

and power station to acceptable levels.
 

The principle protective measures against SO2 atmo

spheric pollution focused on the height of the smelter and
 

power station stacks which, it was determined, should be
 

525 and 250 feet respectively. The government is estab

lishing a system for mon toring ground level SO2 concen

tration and has the responsibility for taking necessary
 

action if it exceeds acceptable limits. Enforcement will
 

entail reduction or shutdown of mine operations until
 

acceptable air quality is restored. Laboratory equipment_
 

has been acquired and a training program instituted..
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Snor. treatment ofi 

liquid wasteeffluentsfromRorereduction so as ,to-prevent
 

discharge/int 1 .nearbysurfacewaters,andinjury to dow

stream userso, Effluents will be conducted to a tailings
 

dam~where suspended,materials will settle. Further, treat

fment may beinstituted as required. The company alsoiis
 

responsible for occupational health and safety measures
 

including dust control at the mining faces, safety equip

ment and training, and periodic physical examination of
 

miners.
 

Most of the solid wastes of the mining operation will
 

be returnedto thecavities left, in a rotating.,excqyation
 

and filling process. Wastes to be incinerated will ,have
 

proper fly ash and particulate controls.-


The project provides an example of international col

laborationlin aid to an incipient industrialdevelopment in
 

a remote and inexperienced country. It involves the issue
 

of lenvironmental protection in all its broad aspects.inclu

ding basic legislation,.regulatory and monitoring systems,
 

care for preservation of the natural ecosystem, health and
 

*socio-cultural considerations from the long-term point of
 

.view,in addition to the immediate concerns regarding
 

industrial.pollution of air, soil and water.
 

v:The best of planning by the most farsighted experts,
 

however, does not always keep ahead of the human factor.
 

'-13V 



World Bank
 

-52

7h1s.projact,overlooked.,the overnight appearance of a
 

quater town, which sprang i.iup
with great suddenness in.,
 

aiiticipation of project opportunities. Unplanned, unfore

seen, patched '- ogether"from ,mud,' atting, cardboard 1corru

gated sheeting or almost any waste or salvage material,.
 

totally Without water and sewase *services, as' picturesque as
 

tle r atre squalid and' unwholesome, such "towns" areinhabited
 

b 'the people who come 'to seek work, accompanied by wives, 

'childrenand camp followers. ', The one embarrassin "this 

project's wholesome 'new'town project:iwas-no 'exception to an)
 

of these characteristics.
 
' The government acted quickly to pr'6mote 'order in: this
 

Case by appointing headmen to supervise 'and'gdide the
 

usqatters. The government''proposes'establishin a site and
 

service area near the'coal mine and encouraging the migranti
 

to ove,there. 'Suth: a'service area was in fact originally
 

ecinmended in:the consultants' Township Report as 'ameans
 

of'avoiding slum developments on the fringes oi the new
 

,township, but planning and costing were not carried out.
 

'The cost of taking up the recommendation at this later
 

stage was about US$50,000. The total additional project
 

'costs resulting from environmental/health considerations
 

was estimated at approximately $1.6 million-.
 

The case study illustrates what is: found -to be true
 

generally, i.e. that even with thel additiotof overlooked
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ilo
 

and unforeseen items, the costs of building environmental
 

protection into industrial development, including coisultant
 

service, changes from proposed to alternative choices of
 

site, purchase and installation of special equipment, and
 

training programs, are monetarily small in comparison with
 

the overall investment. They are beyond that, much smaller
 

still in comparison with the probable magnitude and scope
 

of the unquantifiable values attained in terms of the physi

cal and social health of nations and conservation of the
 

health of the biosphere.
 

Case Study No. 3: Expansion of Steel Production
 

The project entailed the expansion of production
 

facilities at a large plant located 'ina semi-arid, rela

tively isolated region adjacent to the Black Sea. At the
 

end of the project in 1976 the manufacturing facilities will
 

have doubled and will produce 900,000 tons of flat products,
 

300,000 tons of billets, 60,000 tons of ingots, and 180,000
 

tons of pig iron.
 

The loan requested from the World Bank Group was
 

S$76 million, and the cost estimates for recommended pollu

ion control equipment were $5 million, or 1.72 percent of
 

total project cost.
 

The project includes a sceoud blast furnace, a third 

xygen vessel, a billet caster and a semi-continuous hot
 

trip mill, an expanded cold reduction mill, and added 
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auxiliary equipment. Each of the separateplaiHai h
 

specific environmental impact and pollution potential'!
 

associated with it.
 

A first review showed that little or no provision had
 

been made for control of the liquid and gaseous effluents
 

which would be released into the environment in relatively
 

large quantities. Of particular concern was the possible
 

effect of air pollution on public health and on livestock
 

and vegetation in and around the project site. Further, the
 

liquid wastes containing toxic ingredients were to be 

released directly into. the off-shore waters of a sea shared 

with neighboring countries. This important body oi water
 

is now showing signs of heavy pollution and the United
 

Nations Food and Agriculture Organization (FAO) has called
 

attention to its seriously deteriorating condition.,
 

Ecology in the country concerned is a new or unaccus

tomd subject to many, but both the government and ithe pri

vate interest were responsive to environmental recommends

tions from the World Bank. In close cooperation with them,
 

an on-site ecolqgical study was made by expert industrial
 - j 

pollution control consultants engaged by the Bank who rec

oaMended appropriate control technology. During discus

sione held with various Hinistries involved, the interest
 

of the national government was stimulated to the ekitent
 

that a scientifi nd research center of the country was _
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directed todetermine the air,.water and noise pollution of
 

the entire plant and establish the minimum requirements for
 

control. The government is expected to follow the present
 

international trend of progressively widening the scope of
 

its environmental controls.
 

.The specific recommendations for this project were
 

based on the consideration that within the useful lifetime
 

.of the facilities to be constructed, it will be necessary
 

Sto;.
establish standards on the basis of available technology
 

while the selection of treatment processes and the layout
 

and installation of major production facilities should be
 

,compatible with additions which may be required in future
 

to meet more stringent limitations on effluents.
 

.-Air pollution effects observed by the consultants were
 

mainly aesthetic, consisting of visible,smoke and dust
 

emissions, sufficient, however, to require corrective
 

action. This will include automatic equipment to contain
 

,gapeous emissions and stacks of adequate height. Smoke,
 

gasand dust emission at the coke plant will be reduced
 

through the use of design improvements such as!self-sealing
 

doors, quenching tower baffles, improved charging.system,
 

aspirators and smoke seal boxes.
 

The Company has agreed to present a specific plan
 

acceptable to the Government and the Bank Group. for dealing
 

,withair and water pollution, and to imvlement the soecific
 

'-141
 



World Bank 

-56.

plan-to'be -followed will-'be based, on the- recommendations of 

ih~eprofessional ecologists preViousy h.ied by the Bank. 

Case Study No.-4: Integrated Pulp and' Paper ill' 

The International Fiance'Corporation ..... ' i 
aisted the financing of an integrated p p and paper mill 

in a sub-tropical location.
 

The environmental considerations have been the subject 

of concern and intensive studies on the part of the national 

government, company management, IFC, and the Bank Group's 

Office of Environmental Affairs. The mill effluents flow 

into a river which is the source of an important'local com

msrcial fishery and flows eventually into an important 

international body of water. About 30,000 people are depen

dent on the main river below the mill site. 

On the basis of an ecological survey of the area done 

in 1971 by UNESCO, the national government established
 

detailed standards for the mill's liquid effluent. The
 

plant's waste treatment system was designed to meet those
 

Process water from the mill will be collected
standards. 


and discharged to a clarifier followed by aerated lagoons
 

for BOD removal. Sewage will be treated in a separate
 

' 1o6dation pond. The fiial effluent will' be'discharged via 

a diffusion pipe into the river. 

If the river flow in the dry season should not prove
 

sufficient to ensure adequate dilution of the mill wastes
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possible oxygen depletion below levels required for aquatic
 

life could cause problems. The UNESCO report, however,
 

shows river flows even during the dry seasons to be suffi

cient to ensure adequate dilution of waste tratfmnns plant
 

effluents.
 

Odors emanating from pulp mills are obnoxious but maxi

mum ground level concentrations were not expected to cause
 

problems.
 

Despite the treatment to be given the effluent of this
 

plant at an estimated cost of $1.8 million, or 3% of total
 

capital project cost, the remaining effluvia, when combined
 

with those from other sources existing and planned, can be
 

expected to have unfavorable effects on the river biota and
 

water quality.
 

The Bank Group has held meetings with the national 

government and the company to impress upon them the impor

tance of this possibility and the government and the company 

have agreed to undertake monitoring of the environmental and 

human parameters likely to be affected, with a view to 

taking additional appropriate action should any problems 

arise. The Bank Group also has reminded the government and 

management of the importance of training. In this case 

special importance attaches to training personnel to manage
 

the treatment and discharge facilities, including monitoring
 

and the responsible authorities have also bgen reminded that
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;;training,,should: include-making "this personnelaware-of the 

_ g t responsibility they have for protecting thei river's 

biota and the many downstream users from the effets of pol-

Case Study No. 5.9 Expansion of Metal Production 

A 1973 plan for expanding existing copper mining opera

i6s: entails an investmint of U$644 million and will pro

duc' 186,000 tons of inieral annually. Part of the finan

cig (abOut 2%), was sought from the International Finance 

Corporation (IIC). The project involves a new open-pit 

ine, new concentrator, and expansion of smelting and sup

plemontary infrastructure facilities. 

The location is a sparsely inhabited, arid plateau
 

near the Pacific seacoast. The expansion would cause efflu

nts and emissions created by mining and smelting operationg 

now in existence at the same location to be doubled in vol

ume: 30 million tons of tailings would be discharged and 

600,000 tons of sulfur oxides would be released annually. 

Productive agriculture In ueighboring coastal valleys, off

shore fishery, and public health in a port city of 15,000 

inhabitants would be endangered by air and water pollution 

from the project, in the absence of protective measures. 

The disposal of concentrator tailings is by gravity 

directly into the ocean using a series of dry canyons where 

theroe.is very .ittle rainfall. Sewage from the mine and 

144l 
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., oncentrator infrastructure isturned into the tailings. 

. he disposal of tailings occurs In part in a valley where 

ine 'of the few rivers on that coast having a flow of fresh 

Wter throughout the year has its course. The large amountg 

Df S02 emissions, much of which also eventually end in the 

oceang may have possible transnational effects. 

The project is one of exceptional significance because
 

of the environmental concern, especially in contrast with
 

practices formerly traditional in the region, which has 

ielded minerals for world industry in quantity over a long
 

period of time. Disregard of environmental effects was the
 

practice in the past. The environmental factor has now
 

been incorporated in planning on advice of the World Bank
 

Group and demand 
 from other sectors of the national econ

omy. (The Borrower is a consortium of U.S. private corpor

ations licensed by the national government. Proposals have 

been made for further internationalization by arranging for 

investment in the equity by European and Japanese corpora

tions which have a trade interest.) + 

An industrial/environmental pollution control expert
 

employed by the Bank Group in his assessment also stressed
 

the economic and social benefits that the proposed expan

sion of mining operations could be expected to contribute
 

to the national economy as adequately balancing the possi

ole adverseenvironmental/health effects. Based in Part on
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.the coisultants ecological reconnaissance, the Bank Group'
 

Of1ic 
of Environmental Affairs and the;International
 

'Finance Corporation. (IFC) recommended that more extensive
 

.4ir quality and tailing disposal impact studies must be a
 

,rerequisite for World Bank Group,,participation.
 

, No alternatives were found by the .Borrower to dispos-


Lng of tailings In the sea; and, fisheries apparently have
 

not been adversely affected thus far. 
 An agreement was
 

reached betwe"en the World Bank Group and the Borrower, how

ever, which provides for IFC financing on the condition
 

,that the Borrower will implement environmental controls as
 

ecomm.nded after further extensive, in-depth studies by
 

Iqualified consultants acceptable both to the IFC and the
 

Porrower. 
The scope of the studies has been outlined'ih
 

etail and additional assistance has been offered through
 

,...
he World Bank Group.
 

The Borrower will install and,maintain a telemetric
i. 
anystem of. air quality monitors to record on a determined
 

jeriodiclty the SO2 and SO3 and other air components as
 

,..ndica td by the consultants. The data will be made avail-

Pble to the IFC and the national government. The air qual
.... ty mnt!.or..g system will be us.-:dto alert plant officials 

whon 'lollut;,nt levela can be expected to have adverse 

..ffects on public health aud other interests. Plant opera

tions will be reduced or suspended until the uality of h.,
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air is restored to, cceptable condition. If the cumulative
 

record of data indicates that it is necessary, the Borrower
 

i
in consultation with the IFC will take further steps requir

ed to control emissions.
 

Studies also will be made withoutdelay of the dis

tribution, dispersal and ultimate disposition of tailings
 

entering the sea, taking into account surface and subsurface
 

currents, tidal and wave action, chemical and physical
 

interactions of the tailing particles with the water and
 

bottom sediments and other factors. The exploration will
 

include changes and potential benefits likely to result
 

from alternative deep water disposal below the euphotic
 

zone of significant trophic activity. Studies will be made
 

of the effects of tailings on the marine biota, including
 

!the effects of untreated sewage carried with the tailings.
 

The Borrower presently is in compliance with national
 

and local legislation regarding effluent standards dnd con

ditions for disposal of tailings and will continue to com

ply should they be made more stringent. The detailed and
 

extensive agreements made with the Borrower regarding its
 

operations and their environmental aspects is illustrative 

-,of the Bpnk Group's attitude and. efforts in these matters. 

- Its contribution to the total cost of project expansion is 

.1indeed very small, but among the consortium of private 
Jcorporations involved the Bank Groupalone has insisted
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n an.: environental, assessment..... Whether .or.,not,. and to 

what ' it such piieion con'rol' measures, should be
 

ftakn' '1 1, quite ulncertin g with-,the Bor-,
I but lan geement 

rower iundc'take ii-dtid"studiesnt' 'and later.adapt to
 
rc'cunui'enc.,£2tiaui: resui"ng i refrom Seems en tirely appro

prirn, i nd represents a significnti'departure from past 

, '1w cawc studies suIuaries as lpr'eseIIt'e-d illustrate und 

inditeuoto. the accomplishments and 'i f f culties 

:co~n ter..d' during the Bank Group's: first years of experi

66ce aid nrIaptation to the desired-goal oflecontinued eco

ilomic development' which is environmentaiy sound as well. 

iyact data On environmental expendituresT'are not easily
 

lurnished for' several reasons. 

' Environmental measures are of tan productive, and it is 

I questionable whether a project'.s environmental dimension 

gainfully should be separated Out. Project components are 

'all inrlimately related, a' is the proje"t ielf to other 

prOJI.tdit,' the 6xternal enVironn tnd th r society at 

itr s,,,e," he Rank Group operteit'under a broad definition 

d witI ,i.Am eivironmetital, And' seeks to incorporate a proj

ect' A Wternal environment and its public health and socio

.Culturil.Uanpects in its evaluatLcnsi This mode of opera

*tion calls for improvement of htman ecologic conditions 

frequently not conceived of at; environmental, while at the 
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_..same time attempting,to circumvent or mitigate errors made 

through development on thee patterns.of the past,, The idea 

thatwel1!defined anti-pollution measures 'are to be added tc 

a project as- a cost is. not, seen as, especially productive or 

,desirable. Frequently this,is still thei only solution 

.,available for industry, but often, and more so in the 

,'future,'pollution is, and will be, overcome through reds

:isgn,,recirculation, product changes, etc.; a style of 

, 	 planing and production in which uteps taken specifically 

for reasons of environmental protection will be indisting

'vishable from, and will be a true part of the,.entire pro-

Icess. The Bank Group, furtheremore, does not ordinarily
 

separate 'out environmental expenditures as such on pro

jects it finances; it frequently pays for part of studies
 

,undertaken and subsequently finances the foreign exchange
 

component of a project, or parts thereof, alone or in coop

eration with others. In other instances environmental
 

expenditures relating to a project are financed from other 

sources entirely. At the time of project appraisal only 

estimates nre nw.c of expenditures to be incurred regarding 

resettlement, cost of land at new locations, traiag, 

J..nccupat..o:a.. hea3:h measures, medical facilities, water 

i.,up[:." a"' .ewerage, landscapin,,' studies on how best to 

minimize industrial pollution, and subsequent cost of treat
 

mat facilities and final disposal. Additional money-me 
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time,,be, ,annferred for.these and related environmental
 

,nurpuses or,vice' versa, dependingi on progress made toward 

,pro',ec t, ,rivalization-. 

All projects are years 'in,the making nhd none have yet 

bl,&e, completed. , In' the cahe of the copper mining project 

,[where],arn' estimated $500,000'will be, spent on initial 

L :uvc!!es ,of potertial impact on Pacific coastal waters and 

, T. r, eventual expenditures which in the future may be 

!rc-.rr°o,'. fnr pe.lution control are presently unknown alto

P,!*.her and ray range from insignificant to a very substan

r'.d. amor.r. 
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 CHAPTER 2
 

TIE SIGNIFICANCE OF TIlE OCCUPATIONAL ENVIRONMENT
 
As A PART OF TIlE TOTAL ECOLOGICAL SYSTEM
 

Don D. Irish, Ph.D. 

OCCUPATIONAL 	 AREA IS PART OF THE 
WHOLE. 

The occupational ecological system isa signif-
icant part of the total ecological system. Since it 
can be mcasurcd, we can exert some control over 
it and make contributions to the health and well-
being of the people in the occupational ecological 
system. These contributions can favorably alfect 
the impact of the total system on our population
since a worker may spend one-fourth of his time insiecpationalw r e a , nd oeourthaofshisitimea 
the occupational area, and workers area significant 

The purpose of this chapter is to examine the 
relation of the occupational environment to the 
total ecological system,totl eolgicl bsrveth 
of this relationship to the work of the industrial 
hygienist, and to recognize the favorable effect that 
his work in the occupational environment could 
have on the total system. 

ystmtoto observe the signilicancesiniicace 

Nonoccupational exposure is an exceedinglyNoocuptina i ecediglepour a 
complex and variable factor. Recognition of such 

t~pours ecssr t a ndrsanigLf hcxposur is necessary to ma understanding of the 
overall environmental impact on man. The man 
who drove to work in heavy traffic or walked down 
a busy street received much greater exposure to 
carbon monoxide fron automobile exhaust than 
he would have in an acceptable work area. Sim-
ilarly, a worker who smokes one pack or more
of cigarettes per day will be exposed to many
times the amount 	 of carbon monoxide that he 
would be exposed to in an acceptable work en
vironment. This smoker would also be exposed 
to many times the 	amount of particulate matter 
from his smoking than he would contact in an 
acceptable work area. 

There are many other nonoccupational ex-
posures but these examples serve to illustrate two 
obvious areas of excessic ecposure in the non-
occupational area. Such exposures cannot be ig-
nored by those responsible for the health and well-
being of people even if their responsibility is pri-
marily in the occupational area. 

OCCUPATIONAL INTERACTION WITH 

NONOCCUPATIONAL 


In considering the occupational area one must,
recognize the interaction with the nonoccupational 
area and the significance of this interaction to the 
health and well-being of the individual, 

We learned a long time ago that a man who 
drinks a lot of alcoholic beverages is much more 
susceptible to injury from exposure to carbon 
tetrachloride; also, that a man with excessive 
exposure to silica dust is more susceptible to 

tuberculosis. Such possible interactions should be 
kept inmind. 

The following illustration demonstrates a dir
ferent kind of interaction. We were studying the 
blood bromide concentration of men exposed to 
low concentrations of methyl bromide in their 
work. The environmental exposure in their op
erating area was carefully measured. The cx
posure was well within acceptable limits. Clinical 
studies verified this 	 fact. It was valuable to es
tablish a relationship between exposure and blood 
bromide at exposures within acceptable limits, as 

be useful in the future as a clinicalthis would 
check on the workmen. 
foundOnetoday a workmana blood bromidefrom this group washave 	 concentration 
suficiento hih to be of concern if it had conc 
from yeposure to be to oc e i et gaio n 
rvexposure to methyl bromide. Investigation 
revealed that he had been taking inorganic bro

~mide medication 	 which accounted for the highblo.o.d br. ... c. 
0et
Workmen may be 	 brought to the clinic forregular preventive checkups. Biochemical meas

urenients on these workmen may be exceedingly
valuable to verify acceptable exposure, also tocatch any indication of fluctuations in operating 

conditions and allow correction before significant 
exposure can occur. This is a very useful system,
but we must be sure we have all the facts before we conclude what caused any observable bio
chemical changes. 

THE INDIVIDUAL AS PART OF THE
 
ECOLOGICAL SYSTEM
 

Ecology is defined in Webster's dictionary 
(1971) as "The science of the totality or pattern
of relations between organisms and their cnviron
ment." I prefer to call ecology the science of the 
interaction of everything with everything else. The 
ecological system is the system within which these 
interactions take place. 

The ecological system is not exactly synon
ymous with the environment. My environment in

eludes everything around me. The ecological sys
tem indludes me. The individual person is a highly
signifidant factor in the control of the environment 
in the interest of the health and well-being of the 
person. 

A freight elevator was installed with all the 
usual safety devices. It was approved by state in
spectors. A switch on the door made it necessary 
to close the door before the hand switch would 
operate the elevator. A tall lanky lad found that 
he could get his toe to operate the switch closed 
by the elevator door, and with contortion he could 
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stil. rcach the operating switch. It would have 
been easier to close the front door, but it was a 
challenge. He was that rarity, a man with the 
reach to do it. No one knows how many times 
he operated the elevator this way, but one day he 
left his other foot over the edge of the elevator 
and seriously injured that foot when the elevator 
passed the next floor. Yes, fools can be very in-
genious in overcoming "foolproof" engineering. 

Misoperational problems are not limited to 
mechanical injury. There was the individual who 
liked a window wide open. Under certain wind 
conditions the air from the window blew across 
the face of a hood so as to allow volatile chemicals 
to escape from the face of the hoed into the work 
area around the hood. 

There was also the man who liked to "sniff" 
perchloroethylene. He arranged his work so that 
he could be "high" on perchloroethylene a large 
part of his work day. 

The individual is a significant part of the oc-
cupational ecological system. His understanding 
and cooperation are essential to attaining a health-
ful work environment. We hope this understand-
ing will carry over to sonic degree to the non-
occupational ecological system. 

PEOPLE IN TIlE ENVIRONMENT 
An important factor in the environment of an 

individual is "people." People in both the occu-
pational and the nonoccupational environments 
arc of significance to the health and well-being of 
that individual. 

One day the psychologist in our personnel de-
palintllllt ilskcd tile if we were ihaviilg ally Coiln-
plaints of noise tront a certain operation. I told 
him we were, but we could find no justification for 
the complaints based on noise measurements made 
in the area. He commentcd, "You won't; the 
workers just don't like tileforeman." 

In another instance we found it desirable to 
coordinate a careful study of the environment with 
a concurrent clinical study of tile workmen in the 
area. One group of older, experienced workmen 
refused to cooperate. They liked the foreman 
and their work and were afraid we might make 
some changes. With friendly understanding, the 
purpose waS explained and the' were reassured. 
You are always dealing x ith people in the occu-
pational environment, 

Another illustration introduces a different 
problem. Joe caime into the clinic \%ith a mashed 
thumb. The physician tried to get an understand-
ing of the reason for the accident. tie asked, 
"What happened, Joe?.' ''Oh. I got my thumb in 
between a couple of drunis." "You have a good 
rccord, Joe. why did this octur? "... thinkin'."I ws;I, 
"What were yon thinking about, Jo?.. Oh, I was 
thinkin' about my wile', sister." lKnvinulthat 
health or financial problens in tie family may 
worry people, the physician asked. "What's wrong 
with your wife's sister?" Joe answered with ecstatic 
fervor, "Doe, there just oin't nothin' wrong with 
my wife's sister." 

We should recognize that people in the non-
occupational environment may have an effect 
which may result in misoperation. Such misopera-

tion can lead to exposure to chemical substances, 
physical energies, or mechanical injury. This can 
occur either on or off the job. 

The problem of people in the environment is 
not measured by any analytical instrument, though 
the instrument may measure a misoperation 
caused by people. The problem of people is not 
controlled by preventive engineering alone, though 
it can help. Effective operation requires a good 
understanding of people and the ability to get 
their understanding and cooperation. This is an 
obligation of the industrial hygienist, the physician 
and other persons responsible for control of the 
environment in the interest of the health and well
being of the workmen. 

CHEMICALS, ENERGIES AND ORGANISMS 
The usual considerations in the occupational 

environment are more measurable than people. 
Chemical substances are a concern of the indus
trial hygienist. Physical energies include: ionizing 
radiation, a concern of the health physicist; beat, 
light and noise, a concern of the industrial hy
gienist; and mechanical injury, a concern of the 
safety engineer. Then there are biological organ
isms (other than man) which are a concern of 
the sanitary engineer. 

These are part of the environment both on and 
off the job. These can be controlled in the occu
pational environment by good engineering and 
good operating procedures attained with the 
understanding and cooperation of the employees. 
Yes. people are also very important here. 

We observed that men from a specific opera
ti llwelt' iwpUlliig tU tile 6illic with 1ii1 cUlli
plaints which secied sinilar to complaints that 
would be expected from an over-exposure to a. 
solvent used in the operation. Careful analysis by
the industrial hygienist, in many locations and at 
many difterent times, did not show enough solvent 
in the air to cause the trouble. A continuous re
cording analytical instrument was devised in the 
research laboratory and installed in the operating 
area. Through its use we found that when either 
the supervisor or the industrial hygienist was not 
around, the operator was inclined to leave a leak 
or spill to be cleaned up by the next shift operator. 
The men named this instrument the "Squealer" as 
it was telling us of their misoperation. They began 
to woik with an eve on the recorder. They realized 
ihat when the "Squealer" did not sque-il they felt 
better. They chlnarcd the na ate of tile instrument 
to the "Stink cluck." TFhe supervisor told us lie 
saved the price of the instrument by reduced sol
vent loss, and that the overall operation by the 
nien greatly improved. We had their understand
int, and their coop,:ralion. "lhey reali/cd that we 
\.cre initrl',icl illtheir hlc;Itlh amid \\cll-h'ing. 

I),imiI!. rc'i.lil Irv'e'litive ollerv:11itiln of the 
iiiit'llill ' ( C t''t', IlY;IVtln clin', Lick l d; VO'.W 01(3W 
that exposures to chcmical substances in the en
vironment have not beeI excessive. It should not 
he taken to nean that cxcc,,i,,e exposures are 
impossible or unlikely under other circumstances 
of use. 

For example, a supplier assured his customer 
that there was no hazard from skin contact asso

4-152
 



clted.with a particular material because there 
had been frequent skin contacts with the material 
in their own operations with no adverse effects, 
They neglected to indicate how they handled the 
material, or that contacts were always followed by 
inmcdiate decontamination of the skin. In use 
by the customer, the material was spilled on a 
niarl's skin. Ile was several miles out in the "bush" 
in northcrn'Canada in the winter with the temper-
aturc below zero Fahrenheit, and with no water 
available for decontamination. The man died from 
poisoning due to skin absorption of the material, 
Simple experiments on animals in the toxicological 
laboratory showed that the material was very toxic 
when absorbed through the skin. When a supplier
indicates that no problems have been encountered 
in handling a particular material, ask how they 
handle it. Ask them what toxicological informa-
tion they have on the material. 

In controllinig the occupational environment in 
the Interest of health and well-being, established 
acceptable exposure limits for a healthful eir- iron-
ment are very usefud. These acceptable exposures 
arc expressed as "acceptable concentrations" by
the American National Standards Institute and as
"threshold limit values" by the American Confer-
ence of Governmental Hygienists (such standards 
are discussed in detail in Chapter 8). These limits 
are not exacting scientific thresholds of response.
They are the judgments of people with knowledge
and experience. The intelligent use of these limits 
depends on the understanding and judgment of 
the ir'n whn m"mt rontrol the orcipntn en-
vironment. 

We must recognize that the industrial hygienist
usually deals with a variable exposure. Enough
analyses are needed to clearly define the probable
fluctuations and to establish a significant time 
weighted average. ijaximum concentrations must 
be determined as well as duration and frequency
of peaks of exposure. The summation of this in-
formation to define the exposure situation requires
the good judgment of a knowledgeable industrial 
hygienist. The application of the established ac-
ceptable limits for a healthful environment also 
requires the good judgment of a knowledgeable 
industrial hygienist. Acceptable limits cannot be 
used effectively as just a routine check point,

Those people responsible for suggesting ac
ceptable limits or for using acceptable limits are 
part of the ecological system - the industrial hy-
gienist, the physician, the toxicologist and all the 
other environmental control people. The effective-
ness of their oper.tion can have a very significant
effect on the occupational ecological system.

When an injury coes occur, clinical observa-
tion of the victim can provide very valuable in-
formation and should be reported in the literature,
As was discussed in the previous section, the ex-. 
posure can be variable. Most important, be sure 
you know all of the chemical substances or phys-
ical energies to which the victim was exposed and,
hopefully, quantitation of exposure. • 

During the early development of 2,4 dichloro-
phenoxy acetic acid (2,4 D), careful toxicological 
studies were made on animals in the toxicological 
laboratory. It was concluded that the material at 

-the high dilution used in the field as 4 weedkiller 
-was not a significant hazard. After years of use 
there was a report of a death in Canada from 
2,4 D. The man drank a glass full of the diluted 
solution from the spray tank with suicidal intent. 
The physician who observed the man in the clinic 
and the manager of the contract spray company 
where the solution had been mixed, both con
firmed that it was, in fact, 2.4 D. Calculating from 
the toxicological information, I did not think this 
was possible. An agricultural scientist was going 
to visit the area where this death occurred so I 
asked him to investigate. He asked the foreman 
of the spray crew, "What did you use as a weed
killer before you used 2,4 DT' "Oh, we used 
sodium arsenite." "Then you stopped using so
dium arsenite?" "No, we just added 2,4 D to the 
sodium arsenite." 

The man who died had drunk enough sodium 
arsenite to have killed ten people. When you draw 
a conclusion from that first clinical case, be sure 
you know all of the materials to which the victim 
was exposed. This serves as a reminder that pea
pie are involved, people between you and the 
actual circumstances of the incident. 

As previously stated valuable information on 
the nature and amount of exposure can be ob
tained by biochemical measurements on a person
suspected of exposure. This depends on the ab
sorption, transport, metabolism and excretion of 
the material. Blood, urine or exhaled air analysis 
can give valuable clues to the nature of certain of 
the Mnatripts tn which 1h,- percnn wal if-nn-erd 
The analysis used depends on the 'way the body
handles the material in question. Many volatile 
organic materials are exhaled in the breath. In
frared analysis can give an indication of the nature 
of the material'and some indication of the amount 
of exposure. 

To illustrate, a man came into the clinic and 
reported that he had been exposed to a certain 
volatile solvent. Infrared analysis of his exhaled 
air showed that he had not been exposed to the 
solvent he indicated but to a %,erydifferent solvent. 
Had the clinic proceeded on the basis of his report
of exposure, the handling of the case would have 
been in error. Some biochemical measurements 
can be very useful when wisely used. 

COMPLEXITY OF THE WHOLE 
The ecological picture as a whole is too com

plex to understand or to control when considered 
in its entiret (both occupational anri nomnccu
pational). Yet, those who are responsible for the 
health and well-being of people in the system must 
keep the total picture in mind. 

That total picture includes the chemical sub
stances, physical energies and biological organisms
in the occupational area which we can measure and 
over which we can have some control. As pre
viously discussed. the exposures can be variable. 
Levels of concentration alone are not enough.
One must know the frequency and duration of ex
posures. There is no simple mathematical pro
cedurc which will give a specific numerical answer. 
One can determine the time weighted average and 
the maximum concentration, duration and fre
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quency of peak concentrations. These are mean-
ingful if one has sufficient analytical data which 
represent the actual exposure conditions. These 
exposure conditions can then be related to the 
acceptable limits proposed by various organiza-
tions. This comparison gives some understanding 
of the significance of possible exposures in the area 
studied. In addition, however, one must keep in 
mind the complexity of the whole. The final de-
cision requires judgment of the whole based on 
available knowledge and experience. 

Comparable factors are in the nonoccupational 
area where we have little control. Hopefully, we 
may haVe some effect by carry-over of experience 
from the occupational area. In both the occupa-
tional and nonoccupational area the individual is 
an important factor. The people in the environ-
ment of the individual both on and off the job have 
a significant effect. 

OBTAINING UNDERSTANDING AND 
COOPERATION 

'Obtaining the understanding and cooperation 
of people in the environment ofand ce ritical 
to effective control of that environment. This state-
ment has been made several times in this chapter. 

It wis a significant factor in many of the illustra-
tions used. This is such an important part of 
effective control that it justifies summation here 
for emphasis. Without understanding and coop-
eration all the most careful measurements and 
careful engineering of an operation may be in-
effective. We repeat - fools are most ingenious 
_ -: . -_.standing" 

It is simple to state "Get their understanding
it is not always thatand cooperation." Geiting 

simple. How does one get it? The method will 
vary with the industrial hygienist and with the 
people in the operation of concern. The following 
methods are suggested as having been successful 
under many circumstances. \hat you will do de-
pends on your judgment of the particular circun-
stances with which you are concerned at a partie-
ular time and the people with whom you are 
concerned, 

Previous mention was made of the value of a 
careful environmental survey and concurrent olin-
ical study of the men involved as a preventive 
control. Before such a study is made, it is valuable 
to get all the men in the operation together. A 
regular safety meeting can he tsed; it shoukl in-
elude all the people -- supervisors as well as 
laborers. Explain what is intended and why. In-
vite questions from the group. Answers and cx-
planations should be in simple, direct language 
which they can understand, 

During the survey of the environment, the 
workers' interest and understanding may be help-
ful. You can obtain a lot of information on the 
operation from the individual workmen. When the 
survey is complete, it should be reported to the 
whole group. Tell them basically what was found. 
in language they can understand. Indicate what 
should be done, if anything, to assure a good work 

environment. When they understand that you have 
a sincere interest in the workers' health and well
being, it increases their cooperation in effectively 
controlling the operation. 

When you are checking the environment of an 
operation, talk with the individual workmen. Ask 
them for information and suggestions. Including 
them in control efforts will result in more effective 
cooperation. Take every opportunity to inform all 
the people who may be concerned with your area 
of operation. Discussion at safety meetings is use
ful in getting information to a group. Also look 
for a chance for discussion with individuals, - all 
individuals - executives, supervisors, engineers, 
operators, janitors. 

You should also be concerned with the design 
of a new productioa unit. Your cooperation with 
the engineers in design and construction can aid 
in giving consideration to control of the eviron
ment. Inclusion of good environmental control 
principles in the design and in the construction of 
a new production unit is essential. It can save a 
lot of reconstruction later. It also can make the
control of the environment in the interest of health 
and well-being a much more effective operation. 

When talking with groups at a safety meeting 

or with individual workmen, take every oppor
tunity to discuss also the application of their 
understanding of healthful working conditions to 
their off-the-job activities. Through the under
standing and cooperation of the employees, we 
may also have a significantly favorable effect on 
the nonoccupational ecological system as well as 
the occupational; hopefully, some of the "under

will be carried over by the workmen to 
their otil-the-job activities. 

PRACrICAL CONTROL 
Yes, the total picture is'complex, yet there are 

a lot of practical things that can be done. We can 
measure the chemical substances, physical ener
gies and biological organisms in the occupational 
environment. We can control them through good
engineering and good operation. We can and 
must obtain the understanding and cooperation of 
the employee in order that our environmental con
trol may be effective. We can compare our find
ings wvith the acceptble lilmits suggcsted by various 
gromips. With an unucmtanding of the basis of 
ihese limils and the ',ik:.,nilicance of our findings, 
we c;n judge the cl'Ccti\cnc,,s of' otr ,ontrol. Vc 
must r,:cogrmiiC the pos,ili,: impact of both occu
pational and nonoccupational factors. 

The most effective use of our present knowl
'edge should be made. W\e need to mniae ,n effort 
to increase that knowledge through toxicological, 
environmental and ctinel;CI research. \W: should 
r,--co,,nie the conmpkC:i!y of th" whole c,-ological 
system. This conif,:it.v should not dikcourage us 
from the elfecttvc ifkt the good practical 
knowledge which is available. With the practical 
application of all the factors discussed and the 
understanding and cooperation of the workers, our 
efforts can have a very favorable effect on health 
and well-being. 
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Prfacet,
 

The satisfactory disposal ofindustrial effluents is a major ptoblem causing Rv',witg 
concern to public health authorities. Direct discharge of wastes into water courseei may, 

deplete dissolved oxygen, destroy aquat$c life, and make the stream unfit for oommunity wai',r. 

supply and other beneficial uses. On the other hand, the discharge of some industrial
 

effluents into municipal sewers may have damaging effects on sewers or overload the sowagc
 

treatment works. Public health authorities are also aware of possible long-term physiologitll
 

effects of some new organic chemicals which are found in industrial effluents, many of whicl
 

are not removed by conventional treatment processes. Highly persistent detergents, posti

cides and other toxic wastes have become serious problems in developed countries and will in
 

time present a similar threat to developing countries.
 

In the developing countries the situation is particularly serious in view of the scarcity
 

of qualified professional personnel (sanitary engineers, chemists and biologists), analytical
 

laboratories, and finances for planning and operating industrial-wastes control programmes.
 

It is important to consider the problem not only as it is at present, but also in the light of
 

expected population increase, and of urban and industrial growth. Early government action is
 

required for determining the extent of the problem and for planning and implementing effibient
 

measures for the control of industrial wastes discharges.
 

This is one of a series of documents prepared by the World Health Organization covering
 

the most prevalent industries in developing countries. The objective of these guidelines is
 

to assist the responsible staff of health agencies and of other regulatory authorities to
 

carry out surveys, interpret laboratory findings, advise industries on inplant remedial measures
 

and disposal of wastes, and make recommendations concerning acceptance of wastes into municipal
 

sewers. The first document in this series described the problem in general terms and advised
 

on how to carry out surveys and institute programmes of industrial wastes control.
1 The guide

lines dealing with wastes from specific industries cover a description of the manufacturing
 

prooess, with flowchart, the quantity and characteristics of wastes including health hazards,
 

reclamation and recycling practices, methods of treating and disposing of wastes, suggestionq
 

for surveying and appraising existing facilities, and selected references to the literatur.
 

It is planned to revise and update the documents from time to time by including information
 

on new processes and procedures with special reference to experience in developing countries.
 

Information and suggestions in this connexion will be welcomed by the Organization.
 

0tioumit WffO/%i '. 
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a.__n
I. I ntr'idctlo__ 

Most of the world supply of sugar is obtained from two typoes of raw material sources 

sugar cane and sugar beets. ,The cane is a giant grass which grows 10-20 feet (3.5-7.0 m)
high and 1-3 in(2.5-7o5 cm) in diameter, averaging about 15 per cent. fibre and 85 per cent.
 

water and soluble solids, including sugar (sucrose) equivalent to 10-12 per cent. of the cane
 

weight.
 

Sugar cane is cultivated throughout the world in 56 countries located within a belt between
 

30' North and South latitudes. Some of the important sugar-producing regions are in Brazil,
 

China, Colombia, Cuba, Dominican Republic, Hawaii, India, Mexico, Nicaragua, Peru, the
 

Philippines, Puerto Rico, the United States of America and the Virgin Islands, (Jenser, 1965;
 

Keller & Huckabay, 1960). World production of cane-sugar in 1962 was estimated (Guzman, 1962)
 

at 30 million tons annually, manufactured in about 6000 factories varying in size over a range
 

of 1-20 00 tons of cane processed per day. Obviously, such facilities also will vary widely
 

in processing techniques and efficiencies.
 

Although the exact periods for harvesting differ among the regions, this seasonal operation
 

generally lasts three to six months. Milling of the cane to produce raw sugar must be
 

accomplished during the harvesting season, as promptly as possible to avoid serious loss in
 

quality and quantity of sugar. Subsequent refining of raw sugar to produce various market
 

products may be accomplished on a year-around basis, through storage of raw sugar for processing
 

later and, perhaps, elsewhere.
 

2. Manufacturing process
 

A simplified flow sheet for production of raw sugar from cane is shown in Fig. 1, but one
 

must recognize that the processes vary considerably depending upon location, size and age of
 

mill, and local resources, labour and customs. Washing of the cane before grinding may not
 

be necessary where it is harvested manually with reasonable care to exclude dirt and impurities.
 

Recent trends in many areas have been towards mechanical harvesting, because of increasing
 

labour costs. Data from Lousiana and Hawaii indicate increases in extraneous material from
 

less than five per cent. with manual harvesting to five to 50 per cent. after adoption of
 

mechanical harvesting (Keller, 1959). Also, mechanical handling results in more damage to
 

the cane and consequently an increased loss of sugar to the wash-water used to clean the cane
 

at the mill before cutting and grinding.
 

Water which has been used for condensing vapours from evaporators usually is re-used for
 

cane washing, where practiced, thereby conserving water and taking advantage of heat available
 

in the flow. Effluent from this operation represents a major waste-water flow from the plant
 

and will be referred to as "cane wash-water".
 

Sugar Juice is extracted from the cane by cutting it into short lengths and crushing
 

between roller mills in series. Some juice from this process is returned to inlet of the
 

grinding operation to improve effectiveness of water use, a process referred to as maceration.
 

Fibrous residue from grinding and screening of particles from the sugar juice is called
 

"bagassei and normally amounts to about 30 per cent. by weight of the cane processed. This 

usually is burned in the boiler plant for generation of steam and provides enough fuel for 

operation of the factory. An alternate use for bagasse is as a raw material for production 

of fibreboard or paper. 

The screened juice is treated with lime to a plH above 8.0, t, prevent inversion ol the 

sucrose, and enters heaters where the temperature is raised to ahmut 215"F (102"(7). Thonvo' 

it flows into tanks called "clarifiers", where sonme insoluble cfompotind settLto as a hidi(go 
and others rise to form a scum. Both underflow and overflow pass to vacuum filters, rrolm 

which juice is returned to the process, and filter cake Is disposod of on land.
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FIG, 1* CANE-SUGAR PRMCS*.S
 

* 	 9-W it ier 

Exceis oondehsate 

I CZICUTTERS 

~GRIDIN 
.oag. aid 

a a'919 
Blow-


RLime 	 Steam
 

CLARI-IERS 1 Sudg Filter CakSand 	 scum7 

~ ~ENTRBIsIJuice
 e, as 
BUElfowMo 


F EVAPORATORS Soda and acid wastes, 

Hukb,190 Stoe, 951 

CRYSTALLIZERS
 

CENIRIFLOOES,, 	 aai . , , 

Fl 

RAW SUGAR
 

Adapted from Biagit, 1968; Guzmn, 296'2- ';Jensen', 101illr 15| l
 
'Iluokabay, 1960; Stone, 1951,.'.. 	 ... "" 



WHO/WD/71.
 
page 5
 

ClarifiedJuice from the centre of the unit is withdrawn for concentration In multiple-. 
effect evaporators, producing a syrup containing 60-70 per cent. solids. Water content Is 

'further reduced and crystallization accomplished in single-effect vacuum pans, causing forma
tion of a dense mixture of crystals and syrup called "massecuite". This is centrifuged for
 

separation of the crystals as "raw sugar". The remaining "molasses" is returned to the vacuum
 
pans for further crystallization and ultimately the spent molasses is removed from the process
 
for use in alcoholic fermentation, hog-feeding, or for other purposes.
 

Most raw water entering the plant is used for condensing vapours in the barometric con.
 
densers. Some also may be used in the boiler plant, although that often operates on
 
condensate instead. Condenser waters subsequently are used for washing incoming cane and
 
excess flow is discharged as waste water.
 

Major sources of water pollutants from the process include: (1) cane wash-water,
 
(2) floor washings and boiler blowdown, (3) soda and acid wastes, and (4) excess condenser
 
waters.
 

3. Quantity and characteristics of wastes
 

Waste-water flows and characteristics vary widely depending upon local conditions and
 
methods of plant operation. Generally, where sources of fresh water are abundant water
 
consumption is high, but in water-short areas factories practice extensive re-use, reducing
 
water-supply requirements and volumes of waste-water discharges. An extreme example of
 
successful operation with very limited water resources has been reported for a factory ir the
 
West Indies faced with a total supply of only about one million gallons available at the
 
beginning of each season (Keller, 1959). About 60 per cent. by weight of cane entering the
 
process may be recovered by condensation of water evaporated from the juices. Conservation
 
of this water makes it possible to operate the plant for e'oended periods with condensers
 
maintained on a closed circuit through using a cooling tower or pond.
 

A survey of 103 cane-sugar factories in North India (Bhaskaran et al. 1963) indicated an
 
average production of 290 UK gal (1320 1) of waste water per ton of caner with a five-day
 
BOD of 570 mg/1 (1.4 lb BOD/ton of cane). A subsequent publicaticn (Bhaskaran & Chakrabarty,
 
1966) reports that waste waters from manufacture of cane sugar in Irdia vary widely because
 
of differences in processes used in the mills, but are reported to have BOD values ranging
 
from 300-2000 mg/1. Table 1 shows characteristics reported in that paper for specific cane
sugar wastes which were studied in pilot plant investigations.
 

Table 2 shows quantities of wastes reported for raw cane-sugar production in Puerto Rico. 
Table 3 summarizes sugar balances reported for 17 mills in Puerto Rico, and pollutional 
characteristics of cooling and condenser waters from those mills are presented in Table 4. 
Average effluent BOD was 97 mg/1 in a flow of -. 8 mgd. This yields a "population equivalent"
 
for a 4200 ton/day plant of 52 0Oo, an average BOD loading of 2.2 lb (1 kg) per ton of cane
 
and flow of 2500 gal (9500 1) per ton of cane. These data were interpreted by the author
 
(Biaggi, 1968) as "clear evidence" that too much sugar was being lost through entrainment
 
into cooling and condenser waters.
 

Table 5 summarizes waste-water characteristics from raw sugar production in Louisiana,
 
United States of America, based on a mill handling 2400 tons of cane per day without re
use of condenser water. BOD load of plant effluent was calculated to be 5.3 lb (2.4 kg)
 
of BOD per ton of cane processed, 64 per cent. of which was in the cane wash-water, leaving
 

1.9 lb (.86 kg) BOD per ton of cane in other flows, principally condenser waters.
 

3.1 Cane wash-water
 

As indicated earlier, this step is a major source of pollutants, but may not be necessary
 
in installations processing cane harvested manually with care to exclude dirt and extraneous
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matter.__ Where mechanical harvesting is employed, cane washing is necessary and very large 

volumes of water are used. Rate o f fdr such plants InLousiana have been ,reported at 

500-5009, averaging 1000 gal/min (63'1/.) 

.As shown in Table 5, the cane wash-water contains high concentrations of suspended solids
 

(typically over 2000 mg/1). Much of the suspended material is colloidal or finely divided
 

and may be stabilized by organic compounds acting as protbdti"w colloids. This makes the
 

liquid very difficult to clarify through conventional coagulation with ordinary chemicals.
 

Because of damage which the cane suffers during mechanical harvesting, the cane wash

water may contain substantial concentrations of sugar, leading to BOD values of 300-1000 mg/l.
 
From the point of view of total BOD contribution, this flow constitutes a most serious source,
 

as reflected in data of Table 5 showing 64 per cent. of the plant total to be in the cane wash

water.
 

3.2 Floor washings and boiler blowdown
 

Occasional spills, leaks in piping and general carelessness in operation require
 

frequent floor washings. Boilers for production of steam may be operated on raw water or
 

condenser waters. Blowdown may contain substantial concentrations of various chemicals used
 

to treat the boiler water and organics used for treatment or introduced with the condenser
 

water.
 

Flow rates of combined wastes from floor washing and boiler blowdown may vary radically
 

in strength from time to time and plant to plant, depending on the nature of facilities and
 

care exerted in their operation. Floor washings may contribute major loadings when the plant
 

is cleaned thoroughly and equipment emptied for weekend shutdowns. Data in Table 5 indicate
 

that, nevertheless these wastes represent a relatively small portion of total BOD discharged
 

from the manufacturing operation.
 

3.3 Soda and acid wastes
 

At intervals ranging from weekly to as long as three weeks it is necessary -to clean
 

heating surfaces throughout the plant to remove accumulations of scale. This is accomplished
 

usually by rinsing the equipment with water, boiling for several hours with caustic soda,
 

rinsing again, boiling with inhibited dilute hydrochloric acid and giving final rinses to
 

remove acid residues.
 

Cleaning solutions and rinse waters contribute additional pollutional materials in
 

rather small flow but may have very objectionable characteristics, principally because of
 

inorganic constituents rather than BOD. Wastes from this operation usually are accumulated
 

in an impoundment and released at low rates of flow over extended periods of time.
 

3.4 Condenser waters
 

As indicated in Tables 4 and 5, condenser waters represent a major source of pollution
 

from the manufacturing process, second only to cane wash-water. Where cane is not washed,
 

condenser waters represent the bulk of organic pollution from the process. The BOD load
 

can be attributed principally to carryover of sugar Into the condensate of evaporators through
 

excessive foaming, or improper control of the evaporators and entrainment of liquid in the
 

vapour.
 

Characteristics of condenser waters may vary from virtually pure water at temperatures 

of 35-50'C to solutions containing sufficient organics to produce BOD as high as 300-600 mg/l. 
Because of the variable nature of condensate and its dependence upon operating care, this 

represents a strategic location for applying In-plant controls to reduce pollutional loads, 

as will be discussed subsequently. 
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3,§,, Other souroei'of wastej 

OeneraiLy, highly concentrated wastes from the plant are not allowed to enter the liquic 
waste-water system but occasionally this may occur. One such waste is bagasse, usually usec 
as a fuel in the boiler plant or recovered as raw material for manufacture of paper products, 

Filter cake amounts to three to four per cent. of the weight of cane processed and has
 
a high BOD (8000-25 000 mg/l), total solids (40 000-100 000 mg/l) and 0.21 per cent. sucrose
 
(Biaggi, 1968). For convenience in some older plants, the cake has been slurried and dis
charged to streams or lagoons. This is not considered desirable practice from the point of
 
view of water pollution control and it is highly preferable that it be discarded to the land
 

as a fertilizer.
 

Spent molasses from the process has an exceedingly high BOD (400 000-900 000 mg/l) and
 
should not be discharged to receiving streams (Biaggi, 1968; Stone, 1951). Normally, it
 
is recovered and may be used for conversion into alcohol or fed directly to cattle.
 

4. Reclamation and recycling
 

Pollutional materials from sugar-cane processing plants may be summarized as (a) extra
neous substances adhering to cane upon arrival at the mill, (b) cane residues separated from
 
the sugar, (c) chemicals used in cleaning equipment, and (d) sugar lost during processing.
 
It should be evident that lost sugar is undesirable for two reasons - the waste of valuable
 
food material, and creation of water pollution problems.
 

Sugar balances for Puerto Rican factories in Table 3 indicate total sugar losses
 
averaging 2.468 per cent. by weight of cane processed (22.5 per cent. of sugar entering the
 
mill) and variations in those losses of 1.66-3.08 per cent. of cane weight. When viewed fro
 
the aspect of water pollution, this indicates a ratio of sugar loss between the worst and bes
 
mills of about 2:1. An even greater range in pollutional discharges from various mills is
 
indicated by the lb/BOD/ton of cane reported in Table 4. All of the data suggest possi
bilities for reduction of water pollution problems from cane-sugar mills through application
 

of in-plant controls.
 

As indicated earlier, some of the highly concentrated wastes from manufacturing operatio
 
include bagasse, filter cake, and spent molasses. Proper controls should be included to
 

ensure that these materials do not escape with waste-water flow under any circumstances.
 

Improved housekeeping, operating techniques and plant maintenance can have a significant
 
effect on discharges of pollutional materials in floor washings and other cleanup waste
 
waters. Because they are highly variable in character these flows usually are impounded
 
and released after storage for sufficient time to attain stabilization. Reduction of
 
spills to minimize necessity for washing and institution of reasonable controls on volumes
 
of wash-waters used for that purpose can reduce volume of the flow substantially, making it
 
easier and more economical to impound the waste water for extensive periods. Where cane
 
washing is employed, floor washings frequently are combined with cane wash-waters for
 
treatment and disposal.
 

For economic reasons and the reduction of water pollution, recovery of alkali from
 

cleaning heat-exchange equipment frequently is practised. This can be accomplished by
 
adding new alkali to the spent solution and settling for removal of suspended material.
 
Careful design and operation to ensure thorough draining of equipment is desirable because
 
It minimizes quantities of alkali discharged in rinse-waters. These waste waters usually
 
are retained in separate basins for discharge over a fairly long period of time to minimize
 
pollutional impact.
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As indicated earlier, the cane wash-water ropv ontm a maJor mou'e',l (f |oit utliti r,'rim 

this type of factory and quantities of pollutants discharged depend upon cane-harvesting
 
methods employed. Any steps which reasonably could be taken to leave dirt and trash in the'
 
fields instead of delivering them to the mill with the cane wouldhave a favourable impact on
 
characteristics of cane wash-water discharges. Also, pollutional characteristics of this
 
flow may be improved substantially by taking steps to minimize damage to the cane which can
 
cause increased loss of sugar during washing. In those instances where economics still permit
 
manual cane harvesting, it frequently is unnecessary to wash the cane, as already indicated
 
earlier. Thus, avoiding mechanical harvesting and continuing careful manual harvesting
 
where economically feasible, could offer one approach for minimizing pollution from cane
 
sugar mills. In regions where manual harvesting now is practiced, the possibility for
 
changing to mechanical methods should be viewed with caution, and where both techniques are
 
employed it might be reasonable for mills to scale payments for cane depending upon clean
liness. After all, cleaner cane can offer reduced pollution control problems, thereby
 
yielding lower operating costs.
 

Volumes of waste waters from cane washing may be reduced substantially through adoption
 
of counter-current washing techniques, which ma:7 include settling of water re-used in the
 
process (Keller, 1959). However, this may not have significant effect on organic loads which
 
depend upon impurities and sugar removed from cane during washing, not on volume of flow.
 
Nevertheless, reduction in volume can have a beneficial effect where impoundment or other
 
treatment of the waste waters may require construction of detention basins.
 

Sugar losses in condenser cooling waters represent a major source of pollution and are
 
amenable to control through careful design and operation, as reflected by the observation
 
(Keller, 1959) that BOD values reported for condenser waters in Louisiana plants range from
 
2-600 mg/l. In two instances (Keller & Huckabay, 1960) installation of efficient entrainment
 
separators reduced DOD in condenser waters from several thousand to 20-30 mg/1, resulting in
 
product savings of about $ 2500 per day. In Puerto Rico, Guzman (1962) reported BOD dis
charges of 14 lb per ton (6.36 kg) of cane processed in one factory, reflecting excessive
 
loss of sugar through entrainment. Replacement of old separators by modern ones reduced
 
BOD of cooling and condenser waters to 2.8 lb per ton (1.27 kg) of cane. Further investigation
 
indicated that multiple-effect evaporators and vacuum pans were being operated at excessively
 
high levels of syrup, causing sugar loss through entrainment. Marks placed on sides of the
 
units to indicate maximum syrup levels reduced effluent BOD to 30 mg/1, totalling only
 
0.86 lb per ton (0.39 kg) of cane processed.
 

Guzman (1962) also indicates that recirculation of cooling and condenser water# reduced
 
volumes of these flows and produced higher concentrations of organic pollutants than in once
through systems. He indicates that the total organic load generally is reduced somewhat
 
where this practice is followed.
 

Sugar losses in condenser waters should be evaluated frequently by analysing condensates
 

for sugar (Jensen, 1965; Keller, 1959). Also, separators should be examined weekly to
 
ensure good mechanical condition and open lines. With good control and maintenance of
 
equipment, disposal of condenser waters should not create problems. Where problems arise,
 
much or all of the solution may lie in reducing sources of contamination within the plant,
 
Instead of resorting to treatment of excess condensate.
 

It is worthwhile to emphasize the importance of distinguishing carefully between flow 
reductions and changes in organic loadings attending reclamation and recycling operations. 
Accurate evaluations require consideration of both aspects of the question because very 
different unit water flows may be used for the same purpose under different circumstances. 
As indicated earlier, quantities of water used often reflect availability more than process 
needs. Thus, it is virtually impossible to evaluate pollutional loads, or the impact of 
reolamtion and recycling, through considering DOD concentrations only. 
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Stone (1951) Indicate's that intelligentlyesigned and operatedocane-sugarmille ideally
 
should not have water pollution problems because wastes from produotionof suwarcan and :

should be employed for fuel, fertilizer, byproducts, or irrigation water and that "sugar cane
 

waste pollutIon is the result of poor plant engineering and/or bad mill operation".
 

5. Treatment and disposal of wastes
 

About one-half of the total solids in cane wash-water (Table 5) may be removed by plain
 
sedimentation. However, the large amounts of organic materials in the flow, some of which
 
may serve as protective colloids, create difficulties with coagulation and chemical oxi
dation (Keller, 1959; Keller & Huokabay, 1960).
 

Although several studies have been conducted to evaluate treatment systems for waste
 

waters from cane sugar processing, most of those actually in operation employ some type of
 
lagooning (Jensen, 1965). Studies in Louisiana have indicated that a multi-basin system
 

appears promising and suggest division of available space into three basins. The first
 

should have a detention of two to three days and incorporate aeration to decrease the BOD
 

to, perhaps, 100 mg/1. Effluent from that unit passes successively through two more lagoons
 
for further reduction before discharge at a concentration of 50-60 mg/1 BOD (Keller, 1959).
 

Pro-settling is considered important to prevent accumulations of settleable solids on bottoms
 

of the basins, which could retard stabilization substantially by reducing basin volumes and
 

increasing organic loading.
 

Puerto Rican engineers have observed (Guzman, 1962) that high concentrations of carbo

hydrates make it difficult to treat concentrated wastes because their degradation may produce
 

sufficient volatile acids to overcome the buffer capacity of the waste water and reduce pH
 

enough to inhibit growth of micro-organisms. This problem can be reduced by enhancing buffer
 

capacity through addition of enough lime or other inexpensive alkali to neutralize the acids
 

produced.
 

Bottle digester experiments were conducted to evaluate feasibility of anaerobic decompo

sition (Guzman, 1962). In eight days at a temperature of 29'C, BOD was reduced by 78 per 

cent. at an average loading of 0.020 lb BOD/day ft
3 (0.32 kg/m3 ). It was concluded that the 

many difficulties encountered with conventional treatment made it desirable to consider other 

approaches, such as anaerobic decomposition in lagoons - a simple process requiring no 

equipment, but utilizing more land. Several basins were constructed adjacent to a sugar 

factory and a waste-water survey performed to minimize flow rates in order to redure land 

requirements. Production of volatile acids initially reduced pH to 4.3 in the first lagoon, 
but after two or three days detention decomposition proceeded at a rapid rate in the second
 

basin. Eventually, stabilization rates decrease when BOD reaches 100 mg/ or less.
 

The author concurs with results reported in Louisiana (Keller, 1959) to the effect that
 

stabilization proceeds faster if space available for lagooning is divided into several basins.
 

In India, Bhaskaran et al. (1963) report that waste waters from sugar-cane factories
 

can be treated by oxidation ponds to an effluent BOD of 20-95 mg/l. Subsequently, studies
 

are described (Bhaskaran & Chakrabarty, 1966) leading to a conclusion that trickling filters
 

are not effective for treating the waste because of nitrogen deficiency. Pilot plant
 

studies conducted over extensive periods showed the waste water to be amenable to treatment
 
by anaerobic digestion, followed by aerobic oxidation ponds. This type of approach produced
 

over-all efficiencies approximating 90 per cent. BOD removal. Anaerobic digestion can
 
produce BOD reductions of 60-70 per cent. in seven days in open, unheated basins, or in two
 

days in a closed digestor maintained at 37C.
 

6. Survey and appraisal
 

Evaluation of pollution problems in a sugar factory should include careful attention to
 

in-plant controls for minimizing waste discharges through good housekeeping, efficient process
 

operation, and equipment maintenance. Frequent or even continuous sampling is preferred over
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intiasittent (Keller, 1959) because!t uulty equipmentor ehtra!inet may occur erratically and 
grab samples may not indicate true extent of losses,. 

Samples of ondenser or other watera may be cheoked for traces of sugar by usi'ng' ar 
alcoholic solution of alpha-naphthol, but sometimes this analytical trohnique is not reliable 
because of other organic substances in the water. Frequently, the permanganate oxygen 
consumed test has been used for this purpose, but is not specific for sugar. 

A more quantitative method is based on use of ammonium-phosphomolybdate for sugar analysis.
 
This technique produces a blue colour tn the presence of sugar, the colour intensity being
 
related directly to concentration of sugar. Colour standards for this analytical technique
 
must be prepared frequently to ensure accurate results.
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TABLE 1. -CHARACTERISTICs"OF"CANESUA WASTES, 
AS REPORTED IN INDIAN STUDIES 

Characteristic Range of values 

p 4.6 -7.1 
Total solids (mg/l) 568-3500 
Suspended solids (mg/l) 220-800 
Volatile solids (mgy). 400-2196 

J: 	 5,day, 200C BOD (mg/i) 303-1966 
COD (dichromate method) (mg/i) 607-4380 
Total nitrogen, mg/l 10-40' 

Fron 	Bhaskaran 6 Chakrabarty (1966) p, 1161. 

TABLE 2. QUANTITIES OF CANE-SUGAR WASTES 
REPORTED FOR PUERTO RICO 

Waste lb (kg)/ton of cane Gal (1)/ton of sugar 

Bagasse fibre 

*Filter cake 60 ( 27)
 
Condenser waters 


B 	 240 (109)
 

30 000 (113 550)
 
Concentrated wastes-
 Unknown
 

a Floor washings, soda and acid wastes, tank washings, spills. Adapted
 

from Biaggi (1968) p. 1427.
 

TABLE 3. SUMMARY OF SUGAR BALANCES 
FOR 17 PUERTO RICO FACTORIES 

(EXPRESSED AS PER CENT. 	 OF CANE WEIGHT) 

Source Minimum Average Maximum 

Total sucrose 9.274 10.948 (100) 12.797 
Sucrose recovered 7.199 8.479 (77.45) 10.040 
Losses in: 

Bagasse 0.719 1.01 (9.23) 1.336 
Molasses 0.817 1.122 (10.25) 1.337 
Filter cake 0.095 0.212 (1.94) 0.483 
Miscellaneous 0.077 0.123 (1.13) 0.525 
Total losses 1.663 2.468 (22.55) 3.081 

Figures in parentheses represent averages expressed as per

cent, of total sucrose.
 

Adapted from Biaggi (1968) p. 1429.
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TABLE 4. POILUTIONAL CHARACTERISTICS OF 

............ g/1
Cane pr c~,a~ Fow......,.......Solids, .. - 5-day, 20'C BOD
 
processed Toa Suspended m/ b' b/o 

... .day of cane.. ..
 

4 000 17.0 180 56 70 9 900 2.47
 
1 500 2.0 190 13 72 1 200. 0.80. 
4 000 15.8' 250 0 r 130 17 100 1.28 
2 400 7,2 . 260 43 69 4.100 1.73: 
5o400 5.7 310 96 ' 32 1 SOO. o.281 
7 000 31.7 - - 90 23.800 3.411 
180Boo9 200 '20 79 8.500' 4.72 
3 600 Recirculated 690 84 - . - . 
5 000 12.9 525 45 59 6 400 1.27 
3 400 12.0 190 20 90 9000, "2.65 
6 000 Recirculated 360 20 - 
3 000 10.0 280 43 185 15 400 5.14 
1 800 7.2 ' .- 995 20, 147 8 800 4.91 
4 200 12.5 - - 90 9 400 2.23 

700 4.3 700 100 183 6 600 9.38 
3 750 8.0 - - 75 5 000 1.33 
1450 4.4 770 230 - 

4 214 10.8 421 56 97 9 050
 
4 000 10.0 335 43 84.5 8 750
 

Note: Average BOD of water entering mills for cooling purposes was
 
8.06 mg/ (range = 0.9 to )25).
 

Adapted from Bicagi (1968) D. 1430.
 

TABLE 5. VOLUME AND CHARACTER OF WASTES FROM
 
CANE-SUGAR PRODUCTION IN LOUISIANA
 

(BASED ON 2400 TONS/DAY CANE)
 

Waste water al/m 1/s 5-day BOD BOD load kg/d Solids, mg/1 
Wastewater ,gal/min mg/l ' Total Suspended Settleable.... lb/day 


Cane wash- 1000 63 680 8 157 3 703.28 2 900 2 104 1 722 
water (500-5000) (31.5-315) (300-1000
 

Floor wash- 100 6.3 378 453 205,6 - 

ings and
 
boiler blow

down
 

Soda and acid 10 '0.3 - - - , 

wastes ,
 

Condensec, 5 000 315 69 4 138 1 878.6 - . 
wateri (2-600) 

Totals (rounded 6 100 384 12 750 5 788 
DOD/ton of cane I 5.31 

Principal pollutants are NaOH, NaCl, 1icI.
 

Ansumen once-through operation. Temperature v l10-130"F (43.3 - 54.5'C). 
Adapted from Keller (1959) p. 8. 
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PREFACE
 

The satisfactory disposal of industrial effluents is a major problem causing growing
 
concern to public health authorities. Direct discharge of wastes into watercourses may
 
deplete dissolved oxygen, destroy aquatic life, and make the stream unfit for community water
 
supply and other beneficial uses. On the other hand, the discharge of some industrial
 
effluents Into municipal sewers may have damaging effects on sewers or overload the sewage
 
treatment works. Public health authorities are also aware of possible long-term physiological
 
effects of some now organic chemicals which are found in industrial effluents, many of which
 
are not removed by conventional treatment processes. Highly persistent detergents, pesticides
 
and other toxic wastes have become serious problems in developed countries and will in time
 
present a similar threat to developing countries.
 

In the developing countries the situation is particularly serious In view of the scarcity
 
of qualified professional personnel (sanitary engineers, chemists and biologists), analytical
 
laboratories, and finances for planning and operating Industrial wastes control programes.
 
It Is important to consider the proble, not only as It Is at present, but also in the light of
 

The Issue of this document does not constitute Ce document no consttue pas une publication. 
formal publication. It should not be reviewed, IIne dolt fairs Ilobjet d'aucun compte rendu ou 
abstracted or quoted without the agreement of rdsum6 ni d'aucune citation sans I'autorlsatlon do 
the World Health Organization. Authors alone IlOrganlsation Mondlale do IaSantd. Los opinions 
are responsible for views expressed In signed exprlm6es dane lse articles signds nongagent 
articles, quo lour* autours. 
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expected population inorease*g ad of urban and industrial growth. Early government action is
 
required for determining the eienht f tthe problem and for planning'and implementing efficient
 
measures for the control of industrial wastes discharges.
 

This is one of a series of documents prepared by the World Health Organization covering

the most prevalent industries in developing countries. The objective of these guidelines is
 
to assist the responsible staff of health agencies and of other regulatory authorities to
 
carry out surveys, interpret laboratory findings, advise industries on inplant remedial measures
 
and disposal of wastes, and make recommendations concerning acceptance of wastes into municipal
 
sewers. 
 The first document in this series described the problem in general terms and advised
 
on how to carry out surveys and institute programmes of industrial wastes control. The guide
lines dealing with wastes from specific industries cover a description of the manufacturing
 
process, with flowchart, the quantity and characteristics of wastes including health hazards,
 
reclamation and recycling practices, methods of treating and disposing of wastes, suggestions

for surveying and appraising existing facilities, and selected references to the literature.
 

It is planned to revise and update the documents from time to time by including information
 
on new processes and procedures with special reference to experience in developing countries.
 
Information and suggestions in this connexion will be welcomed by the Organization.
 

1. INTRODUCTION
 

Any discussion of water pollution problems arising from livestock production activities
 
must proceed with caution to avoid the possibility of seriously misleading the reader. This
 
can be attributed to the fact that there are radical variations in wastes characteristics among
 
different types of livestock operations, and even greater differences in actual water pollution
 
impacts and potential beneficial values of the wastes under different local circumstances.
 

It has been pointed out (Loehr, 1969) that animal wastes often have been recycled to he
 
soil with minimum release to the aquatic environment. In its simplest form, livestock
 
production can be based upon allowing animals to obtain their food supply from fields and
 
discharging their wastes directly on to the land. With relatively low livestock population
 
densities, little or no waste escapes the land to enter receiving streams and the water pol
lution potential is very low, or zero. 
 At the other extreme, confinement of thousands of
 
animals in a feedlot for final fattening before slaughter causes production of livestock wastes
 
far in excess of amounts which can be absorbed by the small land area. Under these circum
stances very serious stream pollution problems may be caused by discharge of the animal wastes,
 
especially in heavy rainfalls.
 

In many areas of the world, accumulations of livestock manure are a valuable resource of
 
humus and fertilizer and are carefully spread on land to increase crop production. In other
 
areas, high labour costs make it unattractive to distribute manure on land because requirements
 
can be satisfied more economically with chemical fertilizers.
 

These extremes illustrate that it is difficult,. If not Impossible, to make sweeping

generalizations about livestock wastes. 
 Also, they may help the reader understand the risk
 
involved in attempting to assess the *ater pollution impact of animal wastes through examining

,total production of various types of farm animals and unit loadings expected from each to give
 
a total pollution load from this industry. It has been pointed out (U.S. Federal Water
 
Pollution Control Administration, 1970) that in many reports that approach has produced gross

figures for animal waste production of startling magnitudes, which may serve no real purpose

and actually mislead the reader. 
 This could produce an adverse reaction by causing the reader
 
to conclude that the data are too absurd to warrant serious consideration.
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Another important point related to interpretation of data and development of solutions for

an$=mal waste disposal problems is that too seldom has it been recognized that these wastes differ 
from each other and from various types of municipal and industrial wastes for which treatment 
technology has been developed. Thus, some efforts to solve the problems have failed because
 
wrong approaches were utilized, or wrong design parameters applied to what might have been the
 
correct approach.
 

2. LIVESTOCK PRODUCTION
 

The types of livestock production activities, their organization$ and magnitude vary

radically among the many countries of the world, but some general types of production are common
 
to many regions. The major categories might be considered profitably by viewing, briefly,

components of ltvestoo industry as presented by authors of a rs'ont United States of America
 
report (U.S. Federal Water Pollution Control Administration, 1970) and summarized in Table 1.
 
The livestock industry in the United States of America is considered to consist principally of
 
production of four major types of animals 
- cattle, poultry, swine and sheep, some of which
 
should be sub-divided in evaluating water polluticon potential.
 

The "beef cow" group is that segment of the cattle industry devoted principally to prod
uction of calves on range land. 
 Because the success of this type of operation depends upon an
 
adequate supply of grass, the animal population is retained at a density ensuring good utilization
 
of the land, but low enough to avoid damage to the grass crop. The low animal density and
 
tendency of grasslands to retain their wastes result in 
a very low water pollution potential by
 
this type of operation.
 

Cattle for human consumption usually are fattened either by grass feeding or on feed
 
concentrates, such as corn and other products with minerals and various components added to
 
the animal's ration to produce a high rate of weight gain. 
 Those fattened on grass under range

conditions have very little water pollution potential, as noted above for beef cow production,

because animal population densities are maintained low enough to preclude damage to the grass
 
crop. This density level also usually precludes significant discharges of pollutants into
 
streams.
 

Accordingly, many cattle make little or no contribution to stream pollution. Those
 
which contribute usually do so because of high population densities in fattening operations,

commonly carried out using concentrated foods with animals confined in feedlots. 
 In the
 
United States of America, these operations are numerous (208 596 in the year 1968) and caused
 
serious water, land, and air pollution problems by the 23 million head of cattle handled in 1968.
 
It is this category of United States of America beef cattle operation which attracts the greatest

attention and which will require the greatest effort for solution. Parallel situations can be
 
found in some regions of most other countries of the world.
 

The dairy cattle industry, of course, is concerned with the same general type of animal
 
but has somewhat different water pollution potential and operating criteria. Dairy cattle
 
have very different geographic distributions throughout the country and feeding programmes for
 
these animals differ from those for fattening beef cows. Also, criteria relative to the products
 
are very different fundamentally. Accordingly, there are many similarities, but also several
 
differences, in character of waste handling operations in tha dairy industry.
 

Many cow milking operations employ water-flush systems, used for washing down animals
 
before milking and to clean up after milking. Wastes derived from these operations usually

include flows used to clean utensils, pipes, and other equipment, whether or not water-flushing

systems are employed for carrying away wastes from stalls in which the cows are kept. 
 In some
 
installations, the animals are confined on sloping concrete floors arranged to ensure that wastes
 
will be dropped where they can be readily flushed away. This flow can produco very severe
 
pollution loads if discharged untreated from large dairy operations into watercourses.
 

4173
 

http:WHO/WD/72.10


WH~O/01/2. 10 
page 4
 

Water-flushing systwas also are readily adaptable to swine-raising facilities. Frequently,
 
the barns may be equipped for direct drainage of floors Into collecting gutters during flushing
 
operations, making the general character of problems arising from swine barns very similar to
 
those encountered in the dairy industry, eb"ept for differences In waste water quality
 
characteristics.
 

Many sheep are raised on ranges. Accordingly, there may be relatively little water
 
pollution problems arising from production of these animals. Little information has been
 
collected concerning water pollution impact of sheep raising operations in the United States 
of America (U.S. Federal Water Pollution Control Administration, 1970).
 

Waste production and handling problems arising from chickens grown as broilers or layers 
(egg producers) are similar. Many poultry enterprises have water carriage systems to remove 
wastes from cages or pens in which the birds are raised. These were devised to minimize labour 
required to clean the pens and may create serious water pollution problems. In arid areas, a 
system based on taking advantage of natural drying conditions may be preferable to water carriage 
Currently, several water management techniques are applied to wastes from poultry enterprises. 

The production of ducks may present problems of very different complexion because,
 
typically, the birds are raised near flowing water which aids in development of desirable
 
feathers and carriage of wastes discharged directly into the stream. In addition to more or
 
less uniform discharge of wastes by the ducks directly into the watercourse, slug discharges
 
also are encountered during rainstorms. Although duck-raising enterprises do not represent a 
major national problem in the United States of America, there are very serious local problems
 
arising from this type of operation.
 

3. QUANTITY AND CHARACTERISTICS OF WASTE WATERS
 

In those few operations using water flushing systems for management of animal wastes, it
 
is feasible to establish a meaningful estimate of expected flows. For example, flushing
 
operations :or carrying manure and debris from dairy barns may use as much as 50-60 US gallons
 
(190-230 1) of water per day per cow, or as little as 20 gallons (75 1) per day per cow where
 
special care is exerted to minimize usage. However, the origin of these wastes indicates that
 
such instances are the exception rather than the rule. More frequently, the wastes do not
 
enter the water cycle at all but are removed and disposed in dry or semi-solid form, using
 
techniques appropriate to solid waste systems instead of waste waters.
 

Waste waters reaching streams may be due to rainfall and run-off from areas receiving
 
discarded solid wastes or from feedlots directly. In this type of situation, the pollution
 
potential of a livestock production operation is influenced heavily by its location relative to
 
watercourses, the type of terrain on which the operation takes place, and local climate,
 
especially rainfall. The amount of flow involved is of relatively less importance because the
 
critical factors are suspended materials, organics, nutrients, And other po)lutants carried intp
 
the stream, which are not directly due to rainfall.
 

Accordingly, it is clear that it is not feasible to relate pollutional potential of live
stock wastes with flows as is frequently done for municipal sewage, in which substantially all 
of certain wastes from the tributary population are carried in the system. For this reason, 
and because of differences in wastes from various types of animals, livestock wastes usually 
are reported, summarized, and discussed in terms of unit loadings for each type of animal. 

Differences in wastes among the various types of animal mmy be attributed to ranges in 
simse diet, and metabolism. Swine have single stomachs and tend to produce faeces and urine 
similar to those from humans. The types of diet consumed by swine and poultry are much more 
digestible than those of some other types of livestock, causing relatively small amounts of
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exoreta. On the other hand$ ruminantso such as cattle, have digestive systems capable of
 
utilizing cellulose. Because some compounds accompanying cullulose consumed by the animals
 
(such as lignin) are difficult to digest# these types of animals produce relatively large
 
amounts of wastes having very different composition from those produced by the single stomach
 
species. Thus, one must not assume that data collected for one type of livestock will apply
 
to other species, or that studies relating to human wastes would apply to animal wastes as
 
well (Loehr, 1969).
 

It has been demonstrated (Mills & Parker, 1967) that wastes from different classes of
 
animals may have very different characteristics. The composition of animal manure depends
 
upon digestibility, protein, and fibre content of the feed, environment of the animal, and feed
 
additives. Generally, those receiving concentrated foods for fattening or work may have a
 
higher pollution potential than wastes from grass-fed animals. Twenty to 30 per cent. of the 
solid wastes consists of undigested food and bacterial cells. Over 25 per cent. of the organic 
manure is humus, similar to that in soil (Loehr, 1969). 

Variations In character of wastes with types of animals, their environment and type and
 
quantity of feed indicate that waste discharges per unit of production should vary radically
 
in different areas of the world, and even under different circumstances in the same country.
 
Loehr (1969) states that it is difficult to correlate published data because investigators
 
use different units and do not measure the same parameters in all studies. Tables 2-6
 
summarize data abstracted by him from publications of several investigators concerning physical
 
and chemical characteristics of various types of animal wastes.
 

Many authors have used such data to calculate waste loadings from various types of animals
 
in terms of human population equivalents. This approach is valid where it is desired to
 
evaluate impact of livestock waste from a "point source", such as a dairy or swine barn with
 
water-carriage system. Loehr (1969) has summarized "population equivalents", based on BOD,
 
total solids, and nitrogen for chickens, swine, dairy cattle and beef cattle. He points out
 
that use of these values to estimate overall stream pollution by livestock is questionable
 
because most animal wastes are discarded on land directly by the animal or through spreading.
 
Also, substantial variations exist in "population equivalents" of any specific type of animals
 
under different conditions of feed, environment, etc.
 

Livestock wastes may create a wide variety of water pollution problems, depending upon
 
circumstances attending their disposal. Examination of data especially in Tables 6 and 7
 
indicates that the wastes can carry very substantial contributions of organic substances
 
capable of causing oxygen depletion in streams. Also, they may contain high concentrations
 
of coliform bacteria, suspended solids, and nutrients. In some areas of the United States of
 
America, for example, high coliform concentrations have made it necessary to prohibit taking
 
shellfish from beds near duck farms (Davis et al., 1966). Also livestock operations have
 
caused undesirable aesthetic effects and objectionable growths of algae and aquatic plants
 
because of nutrient contributions.
 

Run-off from cattle feedlots has caused serious pollution of streams, by high concentrations
 
of bacteria, BOD, suspended solids, and ammonia nitrogen, and has led to larie fish kills. For
 
example, Miner et al. (1966) reported concentrations in feedlot run-off of 1.0-140 mg/l ammonia,
 
1400-12 000 mg/l suspended solids and COD levels of 3000-16 000 mg/l. Other investigators have
 
reported even higher concentrations (Loehre 1967, 1969).
 

Many infectious diseases are common to man and other animals and it has been stated that
 
over 100 diseases of animals may be transmitted to man (Decker & Steele, 1966). The same
 
author reports that the most significant pathogens include several types of salmonella;
 
baot#-i& causing staphylococcal and streptococcal infections, tetanus, tuberculosis, brucellosis,
 
leptoopirosis; pathogenic fungi, and the rickettsia causing Q fever. Diseases which have
 
been considered of great importance include anthrax, salmonellosis, which may be conveyed by
 
water, tuberculosis, brucellosis, leptospirosis, and tularsemia. The parasitic disease
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In several countries its incidence
trichinosis has been a proble. in many areas of the world. 


has been reduced by eliminating the practice of feeding raw garbage to swine and by improved
 

cooking of pork. The role of animal wastes in transmission of viral diseases is less well
 

understood than for bacterial diseases, but their importance in reproduction of insects which
 

are vectors of many viral diseases is wellknown (Gibson, 1966, 1967; Ilibbs & Foltz, 1964).
 

A very bothersome aspect of bacterial pollution by animal wastes is related to high
 

coliform concentrations frequently present in such discharges. Coliform bacteria are used as
 

an index of water quality. Thus, discharge of large numbers into watercourses from livestock
 

wastes could create serious problems in evaluating downstream water quality because coliforms
 

from these wastes do not carry the same implications for health as do coliforms originating
 

in sanitary sewage. Because the quality of water, its suitability for a potable supply, and
 

the degree and type of treatment required must be determined to a significant extent on
 

concentration of these organisms, presence of large numbers of coliforms from livestock
 

operations could lead to erroneous interpretation of water quality data (Geldrich et al., 1962).
 

Other problems associated with animal wastes include production of large numbers of flies
 

Waste waters from livestock operations also may be
and, sometimes, intensive odour problems. 


highly coloured, causing problems for downstream users (Loehr, 1969; Anderson, 1966).
 

4. RECLAMATION AND RECYCLING
 

When the population density of cattle can be maintained at a low level on grasslands, their
 

wastes are returned to the soil directly in a most elementary form of reclamation and recycling.
 

In other instances, it often is feasible to collect animal wastes in dry or semi-solid form and
 

to distribute them on land manually or with the aid of mechanical spreaders. This involves a
 

substantial amount of labour and is losing favour in many industrialized regions of the world
 

where labour costs are high and chemical fertilizers of equivalent strength may be applied much
 

On the other hand, in many countries it remains the most reasonable method
 more economically. 


for solving animal waste problems and, further, the wastes constitute a valuable resource for
 

improving productivity of the land.
 

It should be noted here that where pollution control is being pushed vigorously, the
 

additional cost of treating liquid livestock wastes before release should be considered in
 

evaluating economic feasibility of land disposal, whether of dry or liquid wastes.
 

Since characteristics of animal wastes depend heavily upon the type and quantity of feed
 

consumed, it might be desirable, from a waste abatement point of view, to reduce quantities of
 

non-digestible materials in animal feeds, as well as excess feed which may be supplied for
 

This approach has not received major attention and, undoubtedly, woulo
rapid gain of weight. 


meet with resistance from many livestock producers who usually are concerned principally with
 

obtaining maximum weight gain in the shortest possible period of time.
 

In summiary, reclamation and recycling in this industry sometimes may be approached through
 

keeping animal population densities low enough to ensure assimilation of wastes discharged
 

directly on to the land. Obviously, this is not always feasible because frequently the animals
 

must be concentrated into small areas to enhance economy of feeding operations or to hold
 

animals for killing or milking. Under those circumstances, water pollution problems may be
 

minimized by avoiding water carriage of wastes, if local economics permit. Removal of dry
 

wastes for application to land, taking care to minimize removal by run-off into watercourses,
 

often is desirable as a means for reducing water pollution prbblems.
 

Another method for recycling which has received considerable attention involves the re

use of some animal wastes as part of the feed for other animals of the same species, or
 

For example, chicken faeces, which are highly concentrated,
different types of livestock. 


have been proposed as part of the feed for chickens, dairy cattle, beef animals, and sheep.
 

Investigations indicate that the milk or meat produced is not significantly different, as long
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as the material in properly dried and represents only part of the diet (hnthonylPrlO66; -,' 
Fontenot et al.$ 1966; Loehr, 1969). 

5. TREATMENT AND DISPOSAL OF WASTE WATERS
 

The first line of defence against water pollution problems arising from animal wastes lies
 
in prevention by minimizing contact between the wastes and water. Another method for
 

accomplishing this is to cover feedlots to reduce run-off. This has proven feasible in many
 

operations involving dairies or production of hogs or chickens. As pressures for more rigorous
 

stream pollution control increase, the number of facilities in which it will become feasible to
 

resort to covering feedlots to reduce pollution problems, as contrasted with treatment and
 

disposal of liquid wastes, should increase sharply.
 

Under circumstances where animal wastes must be handled in liquid form many treatment
 

processes can be considered, but few have been evaluated rigorously to determine appropriate
 

loading criteria or performance. It must be emphasized that criteria applied for treatment
 

of municipal waste waters will not necessarily be appropriate for livestock wastes.
 

Processes which have been investigated include anaerobic digestion of wastes containing
 

high concentrations of solids and BOD. This technique often could be used successfully with
 

several types of animal wastes, but the effluent usually would require further treatment before
 

discharge into receiving waters. In some investigations, difficulties have been encountered
 

which are not normally observed in anaerobic digestion of sewage sludge and caution must be
 

exercised in applying the process to some types of livestock wastes.
 

Aerobic treatment of wastes can be applied, if adequate oxygen transfer into solution
 

is provided. This usually requires detention periods of many days, because of high strength
 

of the wastes. This approach also has been extended to further treatment of effluent from
 

anaerobic treatment units (Scheltinga, 1966).
 

Oxidation poids may be employed at loadings of 30-50 pounds of BOD gr acre per day
 

(Loehr, 1969). However, the very high BOD of livestock wastes indicate that extremely large
 

areas would be required. Loehr (1969) gives an example of R unit for 1000 head of beef cattle
 

which would require 20 acres of pond. Other approaches which have been investigated include
 

aerated lagoons and Pasveer, or oridation, ditches (Scheltinga, 1969).
 

Anaerobic lagoons are potent'ia]ly promising for treating concentrated animal wastes
 

because of high BOD and the fact that this type of unit can provide treatment and simultaneously
 

help in controlling run-off from feedlot areas or serve as a holding basin prior to land disposal.
 

Effluent quality from an anaerobic lagoon receiving livestock wastes usually is poor (300-1500
 

mg/l BOD and high in solids and nitrogen). Thus, additional treatment probably would be
 

required in most instances before discharge to a receiving stream (Curtis, 1966; Loehr, 1969).
 

Spreading on land has been the usual method for disposing of solid wastes and also
 

frequently is appropriate for liquid livestock wastes, with care to avoid run-off from the
 

disposal area into receiving streams. This approach also allows recovery of nutrient content
 

of the waste waters. Land disposal systemu usually are based on using liquid holding units
 
It has
for equalization of waste flows and for storage during periods of adverse weather. 


been suggested that the lagoons or holding tanks provide at least two months capacity, although
 

that design parameter obviously would be subject to local circumstances (Tietjen, 1966; Loehr,
 

1969).
 

Other approaches which have been suggested and investigated, but not used extensively,
 

include incineration, drying, composting, vacuum filtration to reduce the volume of dilute
 

poultry manure, dewatering of slurries from dairy operations on drying beds, use of lime and
 

chlorine for treatment of hog wastes, and trickling filters (Loehr, 1969; Sobel & ludinKion,
 
1966).
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6, SURVBY AND.APPRAISAL 

Loehr (1969) has pointed out that some of the traditional analytical techniques, such as
 
BOD, COD, and suspended solids, comonly used to evaluate pollution potential of waste waters
 
are of less value with animal wastes. The latter are highly concentrated and require many
 
dilutions before the standard waste water analytical teohnJqu* can be appliqd. Also, many
 
livestock wastes may contain antibiotics and metals fed to optimize growth and minimize losses
 
of animals. Those constituents can interfere with some of the analytical techniques.
 
Another problem is that representative sampling of the wastes is very difficult because they
 
are highly concentrated, often solid, and heterogeneous in nature.
 

Several problems concerned with evaluating the water pollution impact of these wastes
 
have been discussed. Basic characteristics vary considerably from species to species of
 
animal and alto show extensive variability within each species, depending upon nature of feed,
 
quantity of feed, environmental conditions, and other factors such as local climate which may
 
lead to variations in run-off. Under some circumstances wastes from livestock operations can
 
have exceedingly great pollution impact, while under other conditions there may be virtually no
 
water pollution.
 

Even without detailed information to that effect, it is certain that water pollution
 
impact by livestock wastes varies radically in different countries of the world, and among many
 
regions of any given country. In the opinion of this writer, it would be even more risky than
 
with most industrial wastes to attempt to generalize on the pollution impact of these wastes
 
or on the types of treatment processes best suited for solving livestock wastes problems in
 
different countries.
 

Those circumstances indicate olea-ly the desirability of surveying and evaluating 
individual problems independently, as may he appropriate. To that end, data or other infor
mation in current literature will be valuable principally as aids in designing the programme 
and to identify specific types of 1-,-/"tigationt.which should be conducted in each individual 
instance. 
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TABL 1
 

MAJOR COMNMM 8 OF LIVISTOCK INDqSTRY 
(Afters U.S. Federal Wiaor Pollution Control Administration, 1970)
 

1. 	 Cattle 

A, 	 Bleef cows (calf production) 

B. 	 Cattle fattening
 

(1) 	Grass fattened 

(2) 	 Concentrate fattened (feedlots) 

C. 	 Dairy cattle 

2. 	 Poultry
 

A, Chikens.
 

(1) 	Broilers 

(2) 	Layers
 

B. 	 Ducks 

C. 	 Turkeys
 

3. 	 ,Swine 

4. 	 Sheep 

1517n
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Item 


Animal size, In 


pounds
 

Wet anureo in
 

pounds per day 


Total solids,
 
percentagep
 
wet basis 


Total solids, In
 

pounds per day 


Volatile solids,
 

percentage,
 

dry basis 


Nitrogen, in
 
pounds per day 


P205, in pounds
 
per day 


K2 0, in pounds 

per day 


TABLE 2 

Cj~k W1l08 01 ANIVAL WA411' 

soi~nde
fzen, O6
 

Cattle
 

38.5-74.0
 

13-27
 

9.5-11.4
 

0.35-0.44
 

0.11-0.12
 

0.21-0.34
 

Chickens 


4-5 


0.1-0.39 


25-48 


0.05-0.10 


74-79 


0.0012-0.0057 


0.0010-0.0045 


0.0005-0.0019 


Note: approximately 2.2 lb a I kg 

Hogs 


100 


2.8-9.5 


2-28 


0.6-1.6 


83-87
 

,_0,042-0.060 


0.029-0.032 


0.034-0.062 


1000 
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TABLE 3
 

CHARACTARSTcs 0 LIVSTOCK WASE 
(Hart', 1960) 

. Dairy BeefParameter c catte Poultry Swine : Sheep 

. cattle cattle 

Animal weight, in 
pounds (kg) 1400 (635) 950 (431) 5 (2.3) 200 (91) 100 (45) 

Manure production, 4" 
in cubic feet 
(de 3 ) per day 1.3 (36.8) 1.0 (0.3) 0.0062 (0.175) 0.28 (7.93) 0.11(3.11) 

Manure density, in
 
pounds per ubi.
 
feet (kg/dm) 62 (0.98) 60 (0.96) 60 (0.96) 62 (0.98) 65 (1.04)
 

Moisture, as a 
percentage i85 7 8212 77 

Nitrogen, as a per
 
cent. of dry
 
solids 3.5 3.1 5.4 3.3 5.4
 

Fresh mixed manure and urine.
 

TABLE 4
 

NUTRIENTS IN ANIMAL WASTES 
(Baines, 1964)
 

Parameter Dairy Beef 
as % of slurry cattle cattle Hogs Poultry 

Nitrogen (as N) 0.13-0.42 0.24-0.60 0.3-0.9 0.41-1.7
 

Phoophorus (as P) 0.06-0.09 0.09-0.25 0.2-C.6 0.30-1.5
 

Potassium (as K) 0.13-0.30 0.14-0.28 0.2-0.4 0.13-1.25
 

Parametera ramofr Cattle Hogas % of dry solids Sheep florse lien 

N 0.3-1.3 0.2-0.9 0.9 0.66 1 .- 5.9 

P2 05 0.15-0.5 0.14-0.83 0.34 0.23 1.0-3.6 

K20 0.13-0.92 0.18-0.52 1.0 0,68 0.8-3.3
 

http:0.18-0.52
http:0.13-0.92
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http:0.14-0.28
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TAML 0 

IARR~2'qs9?ANIMAL M BN 
(Bn--. . t a. 1961). 

reOounds'per ton ofmanure
 

peroont- ..... .saFe
'Animal , ....I + P+ 8 Ca Mg VolatileVolatile Fat 
pere nt . ... .. fsolids
.
 .


Dairy
 
oattle 79 11,2 2.0 10.0 1.0 5.6 0.08 
 2.2 322 7 

Falttenilng
 

cattle 80 14.0' 4.0 9.0 1.7 2.4 0.08 2.0 395
 

fHog 75 10.0; 2.8 7.6 2.? 11.4 0.56 1.6 
 39 9
 

Horse 60 
 X3.8 2.0 12.0 1.4 15.7 0.27 2.8 386 6 

Shep 65 28.0 4.2 20.0 1.8 11.7 0.32 3.7 567 14 
- - I -T-  -

4 ',.i 
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POLWTIONAL CHARAOTERISTICS OF ANIkML WASTES!
 

BOD 'COD, Nitrogen 

Total Volatile 

solids,- solids, b pounds pounds P20S, 
pounds per pounds pound,-"'s per perpoundspond Total, Ammonia, pounds 

day per per pounds pound pounds pounds per day 
animal day per

day of
volatile 

per
day 

of 
volatile 

per 
day 

per 
day 

solids solids 

CHICKENS (4-5 lb) 

0.035 0.033 0.93 
0.063 0.044 0.015 0.34 0.050 1.14 0.0030 0.0006 0.0026 
0.066 0.051 0.015 0.29 0.057 1.11 0.0036 0.0023 

0.015-0.032. 
0.057-0.084 0.006-0.010 

SWINE (100 lb) 

0.80 0.62 0.20 0.32 0.75 1.20 0.032 0.024 0.025 
0.97 0.80 0.43 0.54 0.96 1.20 0.064 
0.50 0.35 0.47 

0.30 1.56 
0.25 
0.22 0.07 

0.71 0.56 

DAIRY CATTLE (1000 lb) 

1.3 0.13 1.57 
10.4 8.3 1.53 0.16 8.4 1.00 0.38 0.12 
6.8 5.7 1.32 0.23 5.8 1.02 0.37 0.23 
7.5 0.44 0.49 

BEEF CATTLE (1000 Ib) 

3.62 3.17 1.02 0.32 3.26 1.03 0.26 0.1] 
9.00 0.26 13 CK 1.15 0.26 

DUCKS 

0.16 0 .02-0.04 0.08 (}.(X)6-O.()LL 
a 
- Multiple entries in each category represent data reported by different Investigators. 

- Dry onlida. 
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TABLE 7
 

AVERAG ANIML WM=TE CH&RACTMUOTICE 
(Loehr, 1969) 

. - Pounds per animal per day a o _equivalentV-

Total Total Total Total 
-BOD5 dry a OD5 dry

soad nitrogen- a solids nitrogen
solids 


0.11
Chickens 0.015 0.06 0.003 0.11 0.09 


Swine 0.30 0.90 0.05 1.7 1.7 1.5
 

Dairy cattle 1.0 10 0.40 8 18 12
 

Beef cattle 1.0 10 0,30 6 18 9
 

Based on average characteristics in municipal seagmp: 017 pounds BOD5 per capita 

per day, 0.55 lb total solids per capita per day, and 0.033 lb total nitrogen per capita 
per day. 

b Number of people equivalent to one animal. 

- Total KJeldahl nitrogen. 
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PREFACE
 

The satisfactory disposal of industrial effluents is a major problem causing growing
 
concern to public health authorities. Direct discharge of wastes into water courses may

deplete dissolved oxygen, destroy aquatic life, and make the stream unfit for community wator
 
supply and other beneficial uses. On the other hand, the discharge of somo industrial
 
effluents into municipal sewers may have damaging effects on sewers or 
overload the sewag,
 
treatment works. Public health authorities are also aware of possible long-term physioloKlgt

effects of some new organic chemicals which are found in industrial effluents, many of which
 
are not removed by conventional treatment processes. Highly persistent detergents, pesti
cides and other toxic wastes have become serious problems in developed countries and will in
 
time present a similar threat to developing countries.
 

In the developing countries the situation is particularly serious in view of the scarcit5
 
of qualified professional personnel (sanitary engineers, chemists and biologists), analytical

laboratories, and finances for planning and operating industrial wastes control programmes.
 
It is important to consider the problem not only as it is at present, but also in the light of
 
expected population increase, and of urban and industrial growth. Early government action is
 
required for determining the extent of the problem and for planning and implementing efficient
 
measures for the control of industrial wastes discharges.
 

This is one of a series of documents prepared by the World Health Organization covering

the most prevalent industries in developing countries. The objective of these guidelines is
 
to assist the responsible staff of health agencies and of other regulatory authorities to
 
carry out surveys, interpret laboratory findings, advise industries on inplant remedial measur
 
and disposal of wastes, and make recommendations concerning acceptance of wastes into municipa
 
sewers. The first document in this series described the problem in general terms, and advise
 
on how to carry out surveys and institute programmes of industrial wastes control., The guide

lines dealing with wastes from specific industries cover a description of the manufacturing
 
process, with flowchart, the quantity and characteristics of wastes including health hazards,
 
reclamation and recycling practices, methods of treating and disposing of wastes, suggestions

for surveying and appraising existing facilities, and selected references to the literature.
 

It is planned to revise and update the documents from time to time by including informati
 
on new processes and procedures with special reference to experience in developing countries.
 
Information and suggestions in this connexion will be welcomed by the Organization.
 

1. INTRODUCTION
 

Pulp and paper manufacturing is one of the largest industries in the world and 
 s
 
exhibited rapid and steady growth. Increased need for the wide variety of materials produced

by this industry and continued development of many new products and uses for them promise
 
extensive further growth over many years into the future.
 

Products supplied by the pulp and paper industry have been classified Into four major

catogorius: fine papers, coarse papers, tissues, and specialties (Gehm, 1965). The fine
 
papers includo writing materials, papers used in many types of quality publications, and

white papers In general. Coarse papers comprise newsprint, wrapping papers, boards used to
 
manufacture containers and many types of building productS. 
 Tissues consist of spolal

wrapping papers, utility tissues and glassine. The specialty products encompass a wido
 
variety of materials, including: electrical 1Isulation, cigarette papers, photographic stock,
 
cards and papers used for printing money.
 

Manufacture of the wide variety of items produced by this industry involves an extensive
 
array of processes, each of which has been developed to permit economical manufacture of one
 

Document MIOAI/7O.6.
 



WHO/WD/12,11, 
Pago 3
 

or more products meeting certain specific performance and appearance criteria. As expewuted, 
the application of many types of manufacturing processes to a variety of raw materials to
 

produce substantially different end products leads to great diversity in characteristics and
 

effects of waste-water discharges from those operations. In general, however, water usages
 

are high in pulp and paper industries because water is a basic raw material used for many
 

purposes including transportation of raw and intermediate materials, preparation of chemical
 

solvents and additives, and removal of undesirable constituents and by-products.
 

Accordingly, water pollution problems in the pulp and paper industry are varied and
 

frequently reach major proportions. Pollution problems and methods for their solution long
 

have been the subject of extensive investigations by many segments of the pulp and paper
 

industry and other interested organizations.
 

2. MANUFACTURING PROCESSES
 

2.1 Generalized flow sheet
 

Pulp and paper manufacturing operations conveniently can be divided into steps related to
 

the (1) productior of pulp from wood or other raw materials, (2) further treatment of the pulp,
 

and (3) manufacture of the paper product. Raw materials most commonly used for pulping incluc
 

wood, flax, cotton, rag, straw, hemp, esparto, jute, bagasse, and waste paper.
 

Some mills may execute only cart of the operations involved in manufacuring a finished
 

product. For example, some specialize in conversion of various types of raw materials to pulg
 

which subsequently may be shipped elsewhere for production of the final paper in other mills.
 

Many manufacturing processes could be used for each step of the operation depending upon the
 

nature of the raw materials and specifications for the product. Because of the number of
 

variables involved and limited scope of this paper, it is not feasible to review all or even
 

most combinations here. Fig. 1 presents a generalized flow sheet for a typical integrated
 

mill in which all of the basic operations are executed, as practised at many locations today.
 

The major steps outlined for preparation of paper, beginning with wood as the raw material,
 

consist of: (1) wood preparation, (2) the pulping process, (3) bleaching of the pulp and
 

(4) manufacture of the paper product.
 

2.2 Wood preparation
 

Wood preparation includes steps involved in the transportation and preparation of wood
 

for pulping. This often is based on mo-'ing wood by water carriage in flumes, washing and
 

debarking. Water used in these operations may accumulate extensive concentrations of bark
 

particles, wood slivers and silt, as well as solids dissolved in the water by leaching sap
 

and other materials from the wood.
 

Usually most of the bark is separated as a solid waste and may be disposed of through
 

dumping, incineration, composting or recovery for manufacture of by-products.
 

If the wood is to be pulped through chomical action, it is chipped to produce uniformly

sized particies small enough to facilitate chemical digestion. This step may be unnecessary
 

in the groundwood pulp process where the wood is mechanically ground.
 

2.3 Pulping processes
 

The several types of pulp most commonly produced include groundwood (mechanical pulp),
 

ohemi-groundwood, kraft (sulfate), sulfite, neutral sulfite and semi-chemical pulp.
 

In mechanical pulping, pieces of the log are pressed against revolving grindstones in
 

the presence of water. This type of operation is used to manufacture newsprint, low-grade
 

sanitary tissue and paperboard. In the chemi-groundwood process, the log Is cooked before
 

grinding, producing a pulp which drains more rapidly and has greater strength than groundwood
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Kraft pulping uses an alkaline sulfate solution to dissolve lignin and other constituents
 
of the wood which bind the vtllulose fibres together. This action releases the fibres for
 
use in manufacture of the paper product. The technique offers the advantage of producing a
 
higher quality pulp which often is used for making brown wrapping paper and similar materials.
 

The acid sulfite process is based on digestion of wood chips in an aqueous solution of
 
calcium bisulfite and sulfur dioxide. In new mills, more stringent pollution control regu
lations have led to selection of magnesium, ammonium, or sodium bisulfite instead of calcium
 
bisulfite because of the possibility for producing a waste liquor more amenable to chemical
 
recovery.
 

The semi-chemical process uses relatively mild chemical treatment to soften the chips,
 
which subsequently are separated mechanically. This approach produces a higher yield of pulp.
 

After cooking, contents of the digestor are released into a blow tank for separation of
 
vapours and spent liquor from the stock. The crude pulp from this operation Is screened and
 
washed to separate coarse from fine fibres and to remove dirt, residual chemicals, and foreign
 
matter. The purified pulp then is thickened, often by use of vacuum filters, before bleaching.
 

2.4 Bleaching
 

Bleaching is necessary where it is desired to brighten the pulp, the specific type of
 
bleaching operation depending on character of the pulp and desired end-product. Chemicals
 
most often employed for bleaching are oxidizing agents, including chlorine, chlorine dioxide, 
hypochlorites, peroxides, and hydrosulfites. Often the bleaching operation may involve
 
several stages with water used for washing and leaching of extractable materials after each
 
step.
 

2.5 Paper manufacture
 

In stock preparation, the pulp is prepared for forming into a sheet of paper, often with
 
addition of chemicals to produce a product of desired characteristics and finish. Operations
 
in this phase may include beating and refining, mixing, addition of fillers, sizing, wet
strength rosins and colouring materials.
 

The pulp is converted into a sheet on the paper machine by formation of a wet web,
 
removal of water by pressing, and removal of additional water by heat. Frequently, this is
 
accomplished by flowing the slurry of fibres in water on to a moving 4-denier wire screen to
 
form the wet sheet, excess water being removed by passage through the wire. The wire and
 
sheet then pass through a series of press rolls for removal of additional water and the sheet
 
travels through steel smoothing rolls. Finally, the sheet is carried through a series of
 
dry rollers heated by steam.
 

Pinishing and converting operations prepare the paper for shipment and may include
 
imIrovomont of' the surface finish, rewinding, cutting into sheets, or other similar operations. 
Mott of these aro basically dry in character and little liquid waste originates here, except 
f'or e van-ip and ocrasional spi I Is. 

:1. QUAN''ITrY ANi) CIIAIIA rEIISTICS OF WASTE WATERS 

Pulping blowdown liquor represents a major source of pollutional materials from pulp and 
palor mills. These waste waters generally are high in ROD and in colour caused by lignin 
drivativoe, and other decomposition products of wood, formed and released during the cooking 
process. The flows generally are relatively small in volume but highly concentrated in
 
chemical constituents, providing a high proportion of all pollutants in the plant effluent.
 
Accordingly, major Impact on character of the overall plant effluent can be realized through
 
recovery or separate disposal of the blowdown liquors. Wastes from bleaching operations
 
also contain very high concentrations of DOD and dissolved constituents. Waste waters from
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the paper machine generally are more dilute and contain fibres and fillers. Using savealls,
 
most of this water can be recycled within the machine and excess flow used to dilute sook or
 

to satisfy other needs in the mill.
 

Table 1 summarizes the current range of effluent flows which may be expected in the
 
United States of America from manufacture of various types of pulp and paper products (Gehm,
 
1965). The quantities of waste water discharged differ radically among the several manu
facturing processes and also may vary widely from plant to plant of the same type. These
 
variations often are a function of age of the plants, newer ones usually using less water per
 
ton of product because of growing pressures for water conservation and pollution control.
 

Table 2 summarizes suspended solids and BOD loadings for various types of pulp and paper
 
manufacturing plants (Gehm, 1965). The same author points out that BOD in effluents from
 
pulping operations, without considering recovory, vary inversely with pulp yield of the
 
process. Accordingly, mechanical pulping plants which yield pulp representing a high pro
portion of wood used have relatively low discharge BOD per ton of pulp. Chemical pulping
 
processes produce substantially lower yield but higher quality pulp and may discharge two to
 
three times as much BOD per ton of product.
 

Table 3 presents a more detailed listing of waste water discharges and pollutional
 
loadings from various types of pulp and paper operations, as reported in an extensive waste
 
water profile for pulp and paper industry in the United States of America (Anon., 1967).
 
Table 4 has been calculated from average values for integrated pulp and paper mills in
 
Table 3 to illustrate the magnitude of waste water flows and pollutants in this flows as
 
revealed by that survey. Total flows, loadings, and population equivalents were calculated
 
for a 300-ton per day mill and show the major potential impacts of such facilities. It
 
should be noted that the impact actually could be much larger by a mill practising less than
 
normal care in water conservation and inplant pollution control efforts.
 

4. RECLAMATION AND RECYCLING
 

Waste reduction practices in the pulp and paper industry are of major importance in
 
influencing quantities and characteristics of waste water discharged. Techniques which have
 
been employed successfully include water re-use, chemical recovery, fibre and solids recovery
 
and many types of manufacturing process improvements. Table 5 shows the extent to which
 
various process modifications could reduce waste water discharges from processes often found
 
in "older" types of mills. In each instunce, the potential estimated reduction in waste
 
water is given relative to conditions which could be expected under "before" conditions as
 
Indicated in each section of the Table (Anon., 1967). The potential impact of water re-use
 
or other inplant modifications is shown to be drastic in many instances and the importance of
 
this approach to pollution control in the pulp and paper industry should be evident.
 

It is estimated that about 80-90% reduction in waste loads and 70% reduction in waste
 
water flow from wood preparation processes could be attained through water re-use. Adoption
 
ol' the "long log" preparation method could reduce waste loadings as much as 95% and flows up
 
to 85%.
 

Re-usn of wate in pulping processes can reduce waste water loads significantly and
 
recovery of cooking liquors can result in reductions of 60-90%. Waste reductions of 20-60%
 
from the pulp screecing process may be obtained currently by partial water re-use, but complel
 
elimination of this flow could be attained in the future with additional inplant recycle.
 

Recirculation in multi-stage bleaching operation reduces waste water loads by 30-80%.
 
Fibre recovery and white water re-use in paper machine operations can reduce waste loads by
 
20-60% and flows by 60-80%.
 

By-product recovery from certain spent liquors in the pulp and paper Industry has been 
successful for turpentine and tall oil. Some small mills manufacture other by-products 
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including lignin sulfonates, acetic acid, formic acid, yeast and alcohols (Anon., 1967; Geshi !,
 
1965). About 10 mills in the United States of America produce by-products, accounting for
 
10-15% of the liquor produced, but the market for these materials is limited and several of
 
the products can be produced more economically from other materials. Two papers provide
 
excellent information on this subject (Anon., 1963; Wiley & Holderby, 1960). Other by
products which have been investigated or actually produced for market from pulp and paper
 
wastes include roofing felts, heating insulation, and cheap paper manufactured from bark.
 
Spent sulfite liquor has been utilized in production of emulsions for insecticides, scaling
 
Inhibitors, tanning agents, fertilizers, flotation agents, well-drilling lubricants, additives
 
for storage batteries, reinforcing agents for rubber, and road binders.
 

In spite of major activity in this area, the production and sale of by-products from
 
pulp and paper waste water flows does not appear to be attractive and the general trend is
 
towards installation of recovery systems and substitution of pulping processes offering better
 

possibilities for chemical recovery.
 

5. TREAThFT AND DISPOSAL OF WASTE WATERS 

The treatment systems most commonly applied to pulp and paper waste waters are similar in
 
principle to those used for many other types of wastes, including municipal sewage, care being
 
exerted to develop and use design parameters appropriate to the specific waste water in questior
 
Table 6 summarizes levels of performance which may be expected in pulp and paper waste water
 
treatment systems incorporating various types of elements. Primary treatment consists of
 
sedimentation or flotation for removal of suspended matter and may attain 50-95% removal of
 
suspended solids and 10-50% removpl of BOD. Secondary treatment is based on biological
 
processes to remove biodegradable materials and, depending upon type and design, can attain
 
30-95% BOD removal.
 

Suspended solids in pulp and paper mill wastes include fibres, clays, other filling and 
coating materials and debris. Usually, most of these materials are removed from machine 
waters by some type of saveall and returned to the system for re-use. Where further treat
ment is necessary, the most zommon approach is sedimentation in mechanically cleaned clarifiers 
similar to those used for many other types of industrial and municipal waste waters. Some 
mills use multiple earthen basins, arranged to permit intermittent excavation of solids, but 
sometimes odour problems have resulted. Where higher removals of suspended solids are re
quired, coagulants such as alum, activated silica, and polyelectrolytes may be used to improve 
performance to 90% removal or higher. Clarifiers commonly are designed for overflow rates of 
600-1000 US gal/ft2 of surface area per day (25 000-40 000 1/m2/day). 

Activated sludge systems can attain very high DOD removals when properly designed and 
operated. Where land is moderate in cost many pulp and paper mills have adopted aerated 
lagoons, which aro similar in principle to activated sludge but have no return sludge or final 
mettling facilities, with much longer aeration periods - usually 3-10 days. Where land is 
cheap, stabilization basins offer additional advantages because the long detention periods 
.,inlmtze process upsets, and operating costs are minimal because the system requires little 
itttont In. i)osign or oxidation pond for pulp and paper wastes is similar to municipal sewage 
treatment practice, with, units 3-5 it (0.90-1.50 ii) doep loaded at about 50 pounds of DOD per 
acre per day (23 kg/ha/day). 

Although trickling filters have been applied to a few pulp and paper mill waste waters,
 
presence of fibres occasionally has caused plugging of stone media (Anon., 1967; Gehm, 1965;
 
Waldmeyer, 1957). Systems with plastic media have been used successfully in several installa
tions as roughing filters for partial removal of DOD, sometimes before further treatment or
 
discharge into municipal systems, This approach also offers the advantage of waste co~ling
 
before further treatment, which uccasionally is desirable.
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Properly designed irrigation systems can be used successfully for treatment and disposal

of these waste waters. Application rates vary from 10 000 to 100 000 gal per acre per day
 
(93 500-935 000 I/ha/day) and loadings should be legs than 200 lb of BOD per acre (225 kg/ha)
 
per day. Land requirements for thfs approach are high (40-50 acres per m.g.d. of effluent)
 
(4.3-5.3 ha per 1000 m3/day) offering serious economic disadvantages in many areas. Also
 
the potential *or groundwater contamination must be recognized, especially when highly
 
coloured pulping liquors are applied to the soil. Tho potential for disposing of waste
 
waters by this technique usually is maximum during drought periods, when stream assimilative
 
capacities are minimum and demand for irrigation water is mnximum. On the other hand, this
 
approach may offer disadvantages in hilly terrain or in freezing climates.
 

Sludges withdrawn from the primary clarifier and biological treatment system usually mus
 
be thickened before disposal. Techniques which have been employed include gravity thickenin
 
of mixed primary and secondary sludges, air flotation, centrifugation and vacuum filtration.
 
Ultimate sludge disposal has been accomplished by land filling and lagooning with other waste
 
materials such as bark, grit, ashes and other debris. 
 Where high land costs and regulations
 
have justified more expensive approaches, incineration has been employed. Techniques which
 
have been considered for separate disposal of strong wastes include recovery of chemicals and
 
deep well disposal.
 

Other treatment systems which have been investigated extensively for possible future
 
application to pulp and paper waste waters include filtration for removal of BOD and COD,
 
chlorination or ozonation for removal of bacteria, activated carbon adsorption, mass lime
 
treatment for colour removal, and separation of inorganics by electrodialysis, reverse osmosii
 
and ion exchange. These approaches have not yet been employed to a significant extent in
 
practice, except for experimental purposes.
 

6. SURVEY AND APPRAISAL
 

The importance of inplant operations and controls in solving pulp and paper waste water
 
problems has been indicated earlier. Serious consideration should be given to recovery of
 
chemicals and separate collection, t~eatment and disposal of concentrated cooking liquors.
 
In many instances, this approach muy include modifying of the cooking process to use chemicall
 
more amenable to subsequent recovery.
 

Survey of waste water pollution problems in pulp and paper mills should include careful
 
evaluation of water use 'and re-use patterns in the installation. Major reductions in waste
 
water discharges and pollution loads often can be attained through economical inplant modili
cations. 
 Now It is common practice to provide savealls for recovery of fibres and other raw
 
materials within the manufacturing process and opportunities for reduction in waste water
 
discharges by this technique should be given careful consideration.
 

Great care should be exercised in sampling waste water streams to ensure accurate flow
 
metering and collection of samples truly representative of the discharges. Illowdowii from 
cooking processes usually are intermittent and without careful ovaluation could lead to 
grossly erroneous conclusions about overall characteristics of Ihe mill efflueni. lischarres 
from paper machines are less variable but offer difficulties with reslpect it) contintious 
sampling because of suspended solids content.
 

Analytical measurements should be conducted in accordance wilh proven pro.edurtes. 
Suspended solids and ID determinations usually do not offer special difficulties. Determina 
tion of dissolved oxygen in mill effluents and in streams receiving such discharges may suf*er 
from interferences by waste water constituents. One approach which has been proposed to 
circumvent this type of problem is the use of mrbrane-covared oxygen electrodes. 

Usually, use of the dichromatA COD te A to piedict MOD values in raw and treated waste 
waters has proven rather unsatisfactory. lowever, some mills have found reasonable 
correlation between certain non-standard COD tests and 1D. In particular, some employ a 
version of a permanganate COD test in preference to the dichromate method. 
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TABLE 1.* EFFLUENT FLOWS FROM MANUFACTURE OFP PULP AND PAPER PRODUCTS 

....... -US
..... Process USgal .per-ton*. 

Pulp manufacture . 

-Kraft and soda pulps - 15000..-35 000 

Sulfite pulp 40 000 - 60 000 
Semi-chemical pulp 30 000 - 40 000 
Groundwood pulp 4 000 - 10 000 
Deinked pulp 2600d0- 35 000 

Pulp bleaching
 
Kraft and soda pulp 15 000- 60 000 
Sulfite pulp 30 000- 50 000 
Neutral sulfite pjlp 40 000- 60 000 

Paper manufacture
 
White papers 20 000- 40 000
 

Tissues 8 000- 35 000 
Kraft papers 2 000- 10 000 
Paperboard 2 000- 15 000 
Specialty papers 20 000 -100 000 

1 US gal per ton '64.17 litres per metric ton,
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TABLE 2. EFFLUENT LOADS f!MPULP,"ANb 

(dohm, 1965) p. 363 

PAPER MILLS 

lb-per ton-of-product*....... 
Effluent 

_________.....________________,,____ Suspended solids 5-day BOD 

Kraft and soda pulp 20  30 25-' 50 
Groundwood pulp 40 - 80 15 25 
Sulfite pulp (no liquor recovery) 20  40 6400"-600 
Neutral sulfite semi-chemical pulp 100 - 180 250 - 450 
Textile fibre pulps 300 - 500 200 - 300 

Straw pulp 400  500 400 500' 
Bleaching 6- 35 12 200 
Deinked pulp 500 - 800 i00 -130 

Fine papers 
Tissue 50- 100 15- 30 
Bond, mimeo, and printing. 50 - 100 20- 40 
Glassine 10  15 15- 25 

Coarse papers 
Boxboard 50  70 20- 40 
Corrugating board 50  70 25- 60 
Kraft wrapping 15 - 25 5'- 15 
Newsprint 20  60 10  20 

Specialty papers 
Fibre 200  300 140j- 170 
Asbestos 300- 400 20  40 
Roofing felt 50- 100 40- 60 
Insulating board 50  100 150  250 

1 lb ver ton = 0.50 ka Der metric-ton.
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VASTIMATIn LOADI NO AND nL hom TYPICAL PULP An FAPER OrIITIOis 

(Pres Ano,., I7) 

: Io 	 Vaeteqveteretladt is Ibelton of'Product 

Processes Sue ud Solids Tal set d" 	 N Int$tiee a. 
RleRnge Hean 

A. Wood Prepratio 1.9-40 9 4-50 13 2-10 2 6.5-.0 1,000-10,000 3,400 

Groundwood 
Sulfate (Kraft) (.2) 

Slav Twer . 2.7) I (21.0) 21 (1). 1 1) (1,000) 1;000' 
Dirty Condensate 0-0.5 0.1 6-11 7.. 6.-93.0 8 9.5-10 950-1,900 1,200 
Evaporator Ejector 0.06-0.2 0.1 1-3 2 1 64.5 3 9-10 290-640 300 
Causticlsing Waste 2.2-5.7 5 46-240 101 8.0-10.5 9 9-11.0 600-9,600 2,500 
Green Drel (1.0) 1 (22) 22 (10) '1 (12) (200) 200 
floor Drain 0.5-10 6 11.0-11.5 i1 0.3-1.7 1 11.6-12 340-580 400 

Sub-total 	 17 164 23 9.5-12.0 5,600
 

Sulfite
 
Slav Tower 0.42-1.9 1 36-348 247 29-194 116 2.2-2.9 1,640-1,950 1,900 
Condensate 0.05-0.2 0.1 18-57 47 48-71 66 2.2-3.1 750-1,700 1,100 
Uncollected Liquor 0.3-43 21 50-515 105 5041 53 2.2-2.6 2.000-10,000 7,500 
Acid Plant Vastee (5) 5 (10) 10 -0 (1.2) (300) 300 
Boller slovdow (2) 2 (22) 22 -(0.05) 0.05 (100) 100 

Sub-total 	 2l 411 23 1.2-2.9 10,90 

Seuichanical 
Slov Tower (2) 2 (8) a (1) 1 (1.000) 1,000 
Condemente (0.1) 0.1 (2) 2 (3) 3 (2,000) 2,000 
Recovery sstem (9) 9 (150) 150 (0) 8 (2,000) 2,000,. 
Uncollected Liquor (11) 11 (40) 40 (18) 18 (2,000) 2.000 

Sub-total (22) 22 200 30 2.5-4.0 	 7,000 

Deinking
 
ll eourcee2 	 - 11-25 -- 9,700-36,000 -

C. Pulp Screeam
 
-Oroundwood 	 -

Sulfate (Kraft) 5-5.O 4 60-43 62 10-18 14 9-10 900-9,600 3,600
 
Sulfite 1.7014 " 27 22-10.7 6 5.4-5.7 1.700-14,300 6,000
 
Semicheuicals
 
Deinking 	 - - -0 

D. Pulp Washing G Thickening 
Groundwood (No Wahing) 9-14 11 51-107 75 22-46 33 5.0-6.25 4,800-10.000 7,500
 
Sulfate (Kraft) 10-30 15 94-180 142 10-35 25 8.9-9.4 3.000-11,000 7,00J
 
Sulfite 6.5-9.0 8 63-1037 131 7.4-34.0 18 2.4-3.9 1,800-15,000 7;,G
 
Semlchemical 0.9-6.0 2 42-141 93 10-42 24 7.0-7.9 2,400-1,800 5.400 
Deinkin -.... 

E. Bleeching
 
Groundwood . 4000 
Sulfate (Kraft) 14-124 40 216-294 240 1-08 30 12.000-32.000 19,000 
Sulfite 4-44 15 131-415 220 17-44 25 2.9-6.8 9,000-30,000 15.000 
Semichmatcal ... - -.....-


Deinkiag -- 6 - 125 - 12 .... 	 5,500 

4
 
F. 	Paper Haking
 

General 10-166 46 31*591 119 3-80 16 4.3-6.9 5.700-40,000 11.000
 
Product$ IRelated 

HNenprint 20-60 40 - -- 10-20 15 - )7.000 -. 
Ui i,ated Groundwood -- - -- . .. .. ...... 

Cooated Printing Paper .. . . -- .. ...... 
Uoated look Paper - 0 -- 11, 00 6 --
Fifr peper 47-100 3 - 153 15-40 20 9,i)O-1t'(1i) iROt 
C.are Ppaper 10-30 20 .. .. 10-25 is 2,000-19.0tiO 10,000 
Soe~lal Industrial 

Paper 200-400 300 .. .. 140-170 155 -- 20.000-100,000 .o 
Sanitary & Tissue 

Paper 50-100 so -- 200 15-30 22 -- 8,000-37,000 14,000 

0. Total Hill Effluent 
(Integrated Pulp A Paper 

Hills) 
Slea'hed Sulfate A 

Paper 50-200 170 200-1300 810 30-220 120 -- 39,000-54,000 45,000 
Sleached Sulfite &
 

Paper 4O-100 100 iOe-I1O 1140 235-430 32O 00 40.000-70000 "00
 

I Single plite'r of data are entered under the "Range" column with patelthesis. 
I The.mean values shown are not truly statistical average: they are considered to be probable average valves baeed o tne 

vallsihle data. 
t'Inking pr,.ves includee pulping, eooning, vanhiing. and thickening. 

hfastewaters from papernokind Include those from ntuck preparation, paper machise, and finishing and converting eperatione 

libper ton - 0 .0 kg per m.tric ton 4J ion
 
32 UNmil 1wr ton 4M 11tre per setrte son 
 4 

I 
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'INTEGRATED PULP AND PAPER MILLS, BASED ON DATA "G" TABLE 3 

!i A-L F L OWS D 'A 

:Bleached Bleached,
Characteristic - sulfate.... 
 sulfite 

-- -- - - and-paper ,and papr ' 

Flows: 
Average;" m.g.d. 14 17 
Range, m.g.d. 12 - 16 12 - 21 

BOD: 
Average, lb/day 
 36 000 99 000.. . 
Range, lb/day 9 000 - 66 000 70 000 - 129 000, 
Average, mg/l 320 720
 

Suspended solids:
 
Average, lb/day 
 51 000 , 30 000.
 
Range, lb/day L5 000 - 60 000 12 000 - 30 000
 
Average, mg/l 
 435 210 

Population equivalent* 216 000 
 594 000
 

Based on 1/6 lb (0.075 kg) BODa per day per capita. 
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#P40116AJ. WIKE 1211CITIU UlCIgNCIgS OF VARjIS ROCUS$ MODFlICATIONS 

Onea Am., 1017) 

Processes and Alternative Subproceses 
.. mapead: 

soids 
Dissolved 

Solids 

Toa 

Solids 3005 

as e 

Volua 

r 

A. oo4 Preparation (No Vater Reuse)
With ater Nuse 

Long Prepara.to 

0 
F "-

-ot 

-
a0 

913 
9 

0 
72 
66 

i.Pulpins 
mechanical PulpingGroundwood 

3.fining lechanical Pulp 

Sulfate (Kraft) Pulping (latch. no Reue)
Batch Process Vith vaoter flose 
Coltinuous Proces@ 

Sultite Pulping (Ca Bas, no Rause)
Calcium ls with Water laules 
Soluble Bases with Liquor lcovery 

Somicheuical Pulping (NISC latch Process)
USSC Kraft latch Proiss with Vater Reus 

Doinking (Cocking and Washing Vithout loe)
Cooking and Washing with Vater bouse 

0 
! 

o 
37 
0 

0 
24 
is 

0 
53 

" 

. 0 
It 

0 
-4 
42 

0 
84 
14 

0 
-23 

-
-

0 
5 

0 
-1 
47 

0 
3 

87 

0 
-23 

-

.0. 
37 

0 
54 
40 

0 
35 
so 

0 
30 

-
-

0 
71' 

0 
72 
77 

0 
29 
517 

0'' 
32 

0 
66 

C. Pulp Screening
Sulfate (Kraft) Pulp (Screening Without Rau")

Screening with Partial Valer Luse 
Sreening and Cleaning With ater Rause 

bulfite (Screening Vithout Raue)
Screening with Partial ater louse 
Sceening and Claing Vith Vale: R.m 

:0 
55 

(100) 

0 
43 

(100) 

0 
1s 

(100) 

0 
9 

(100) 

0 
23 

(100) 

0 
23 

(100) 

0 
22 

(100) 

0 

(00) 

0 
62 

(100) 

0 
34 

(100) 
' 

D. Pulp Vashing and ThickeningMechanical Pulp (Thickenin, nd Cleantg With Decker)
Thickening with Vacuum Filtration 
Thickening and Cleaning With T. F. 

Sulfate (Kraft) Pulp (Diffuser Vashin Vitb Decker Thickeanig)
Vacuum Filter Vashing and Thickening
Iultistage V.F. Vashing and Thickening 

Sulfite Pulp (Diffuser Vahing With Decker Thickenng)
Vacuum Filter Veshing ard Thickening
Multistage V.F. Vashing and Thickening 

0 
2 
57 

0 
17 
17 

0 
72 
it 

0 
$2 
77 

0 
21 
is 

0 
50 
75 

0 
30 
75 

0 
20 
72 

0 
52 
75 

0 
S0 
79 

.O 
40 
61 

O 
5 
71 

0 
25 
I1 

0 
72 
0 

0 
62 
90 

. Sleaching
Sulfate (Kraft) Pulp (Bleaching Withujt louse)

Bleaching With Low Degree of Water tuee 
Bleaching With High Degree of Voter loueu 

Sulfite Pulp (Bleaching Vithout gause) 
Bleaching With Low Degree of Water Raus 
Bleaching Vith High Degree of Vater l e 

Y. Paper Making (Without Wite Valer Rcovery)
With Ihite Valer Recovery
With Improved White Voter Reovery 

-

-

-

0 
s0 
so 

0 
34 
50 

-
-

0 
32 
50 

0 
21 
60 

0 
40 
69 

0 
34 
60so 

0 
25 
$6 

-
-
-

0 
37 
721 

0 
2o 
30 

- 0 
so 
74 

0 
67 
06 

0 
60 
77 
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TABLJE 6. WASTE R~EMOVAL EFFICIENCIES OF VARIOUS PROCESSES 

--'TYPICAL-PULP AND PAPER WASTE WATERS 

.prn. Annn - I QA71 

Per cent. of gross waste load removed,

Removaf£ method ' 

SdSuspendod BOD5 CODI Colour2' I 

solids 

Primary treatment
 

Sedimentation basin 50 - 90 10 - 40 10 - 30-

Gravity clarifier 3 60 - 90 10 - 40 10 - 30 0 - 10 

Dissolved air flotation 70 - 95 20 - 50 10 -40 -

Secondary treatment 

Oxidation pond 0 - 90 30 - 50 - 0 - 10 

Trickling filter ' - 30 - 70 20 - 50 0 - 15 

Aerated lagoon - 40 - 85 30 -60 0 - 10 

Activ~ted slgdge - 75 - 95 30 - 70 10 - 30 

Irigation 60 - 95 - -


Sedimentation basin4 60 - 9 -


Soondary clIrifier 4 70.- 98 

1 Estimated.
 

2 "True" colour (dissolved).
 

With or without chemical addition and/or flocculation.
 

As used to remove biological soli,Is in secondary treatment. 
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The satisfactory disposal of industrial effluents in a major problem causing growing
 
concern to public health authorities. Direct discharge of wastes into water courses may deplete

dissolved oxygen, destroy aquatic life, and make the stream unfit for community water supply

and other beneficial uses. 
 On the other hand, the discharge of some industrial effluents
 
into municipal sewers may have damaging effects on sewers or overload the sewage treatment
 
works. 
 Public health authorities are also aware of possible long-term physiological effets
 
)f some new organic ohepioals which are found in industrial effluents, many of which are not
 
removed by conventional treatment processes. 
 Highly persistent detergents, pesticides and 
)ther toxic wastes have become serious problems in developed countries and will in time present 
k similar threat to developing countpi'ee.
 

The Issue of this document does not constitute Ce document no coh0tituo pas uns publication.
formal publication. It should not be reviewed, IIne dolt faire 'objot d'aucun compte rendu ou 
abstracted or quoted without the agreement of rdoumdni d'aucune citation sans Iautorlstlon de 
the World Health Organization. Authors alone I'Organleatlon Mondlale do a Sant6. Les opinions 
are responsible for views expressed in signed eoxpdies done lee articles sign6s n'onoagent 
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In the developing countries the situation is particularly serious in view of the scarcit
 
of qualified professional personnel (sanitary engineers, chemists and biologists), analytical

laboratories, and finances for planning and operating industrial-wastes control programmes.

It is important to consider the problem not only as it is at present, but also in the light o:
 
expected population increase, and of urban and industrial growth. Early government action iL
 
required for determining the extent of the problom and for planning and implementing efficien
 
measures for the control of industrial wastes discharges.
 

This is one of a series of documents prepared by the World Health Organization covering

the most prevalent industries in deve'loping countries. 
 The objective of these guidelines is
 
to assist the responsible staff of health agencies and of other regulatory authorities to car]

out surveys, interpret laboratory findings, advise industries on in-plant remedial measures anc 
disposal of wastes, and make recommendations concerning acceptance of wastes into municipal
 
sewers. 
 The first document in this series described the problem in general teros and advise 
on how to carry out surveys and institute programmes of industrial wastes control.1 The
 
guidelines dealing with wastes from specific industries cover a description of the manufacturl
 
process, with flowchart, the quantity and characteristics of wastes including health hazards,

reclamation and recycling practices, methods of treating and disposing of wastes, suggestions

for surveying and appraising existing facilities, and selected references to the literature. 

It is planned to revise and update the documents from time to time by including informati
 
on new processes and procedures with special reference to experience in developing countries,
 
Information and suggestions in this connexion will be welcomed by the Organization.
 

1. INTRODUCTION
 

Many uses of metal products require finishing to enhance appearance and protect against
corrosion. The total number of metal finishing facilities in the world is unknown, but one 
author (Foulke, 1965) has estimated that there are 15 000-20 000 in the United States of Amert 
alone. These range in size from thousands of small shops to very large facilities which may

be associated with manufacturing concerns requiring the finished metal components or end-produc 

Activities in the metal finishing industry have been divided into three categories:
 
(a) cleaning and conversion coatings, (b) organic coatings, and (c) plating and anodizing

(Foulke, 1965). A universal requirement in this industry is an adequate supply of water of 
appropriate quality, the most important use of which is rinsing after cleaning, plating, or 
other operations. The water may accumulate substantial quantities of metals or other chemica: 
from cleaning and plating baths and many of the constituents could have serious environmental 
impact, if discharged without proper controls.
 

None of the waste waters discharged from metal finishing operations present problems whic
 
cannot be solved through recognized in-plant control techniques or existing treatment processei

because ample technology has been developed for this purpose over 
the past several years.

Nevertheless, it should be recognilzed that a special problem exists ith 
this industry because a
 
high proportion of metal finishing shops are small. 
 This situation often renders Impractical
 
many otherwise highly acceptable control or treatment procedures because of relatively high

capital costs in small installations or lack of practical methods for their day-to-day operatic

(Battelle Memorial Institute, 1968). Accordingly, many small plants discharge waste waters wi
 
little or no treatment directly into receiving waters or, mnoe frequently, into municipal
 
sewerage systems. 
 Often small flows may be diluted sufficiently by other waste waters or the
 
receiving stream to aliminate serious problems. 
 On the other hand, large metal finishing'

Installations, or smaller racilities in areas where many are located, may require extensive
 
waste water controls.
 

1 Document WHO/WD/70.6.
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2. QUA1OITY AXD MCU~'RIBSIP" WANTS WATERI 

of the flow from a metal finishing plant oonsists 

cleaning, or other surface finishing operatidns. Ritises are used between processing steps to
 
reduce contamination of solutions ,and to remove residual chemicals from the metal upon completi
 
of the finishing operation. It has been estimated that 1-25 US gallons (about 4-100 litres)
 
of rinse water is used daily for each gallon of plating solution (Foulke, 1963). However, thi
 
flows vary widely from plant to plant, because of different processes and protices, covering
 
a range extending from as low as 25% of the plating solution to as much as 50 times that volumE
 

4Most of rinse waters from plating,
 

In addition to wide flow variations, there may be radical differences in chemical losses
 
because of the range of practices employed in metal finishing plants. Waste waters may have
 
pH as low as 1.0 and up to almost 14 and may contain many types of toxic metals, depending upo
 
processes employed, including: chromium, copper, zinc, cadmium, nickel, iron, barium, precious
 
metals, and others. Also they may contain high concentrations of cyanides, cyanates, oils,
 
ketones, solvents, sludges, phosphates, carbonates, silicates, and other potential pollutants.
 
One author illustrates the wide ranges of waste water character by giving "typical" rinse water
 
analysiri from general plating operations as, perhaps, 2-76 mg/l hexavalent chromium, 0.5-32 mg/
 
copper, 0.1-2 mg/1 nickel, and 12-68 mg/l zinc. Tables 1-4 contain data selected from article
 
by two authors (Foulke, 1963; Lowe, 1970) giving "typical" concentrations in effluents from 
metal finishing plants.
 

The highly variable flows and concentrations of constituents in waste waters from metal
 
finishing shops suggest strongly the impossibility of accurate generalizations about quantities
 
and characteristics of waste waters from these types of operations. Thus, in the metal
 
plating industry it is especially important to survey each facility carefully before attempting
 
to arrive at final judgement concerning magnitude of problems caused by the facility and method
 
best suited for their solution.
 

Most attention in control of metal plating wastes is directed towards rinse waters because
 
of their large volumes. However, it must not be overlooked that serious pollution sometimes
 
results from periodic or accidental dumping of concentrated plating or cleaning solutions.
 
Spills or leaks of concentrated baths, waste waters from clean-up operations, sludges, filter
 
cakes, and ton exchange regenerants may cause serious difficulties if handled in haphazard
 
fashion. Normally these wastes should not be discharged directly into the disposal system
 
but should be hauled away or treated batch-wise, using procedures adapted from techniques used
 
for treating rinse waters.
 

Concern for control of most metal finishing waste waters is based on the presence of acids 
alkalies, heavy metals and cyanides. Generally, BOD-causing constituents are present only in
 
relatively small quantities and are not of major interest.
 

3. POLLUTIONAL IMPACT OF WASTE WATERS
 

Waste waters from metal finishing operations may -ioveserious direct effects on the
 
environment through action of corrosive or toxic constituents -hich can interfere directly with
 
aquatic life, or other beneficial uses of watercourses. Although discharges from these
 
facilities seldom, if ever, create oxygen-demand problems directly, many constituents of metal
 
finishing waste waters may interfere seriously with performance of biological systems used to
 
treat municipal and induptrial waste waters. Thus, their discharge into municipal systems

could lead indirectly to oxygen-demand problems downstream even without significant addition
 
of DOD-causing materials.
 

Discharge of acid waste waters in quantity sufficient to depress pH significantly may
 
have serious corrosive effects on concrete, steel and cast iron pipes and other structures in
 
municipal sewerage systems, treatment plants, and downstream facilities.'
 

4 209'
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Plating wastes containing cyanides may create serious health hazards to sewer workers
 
under certain conditions. Experiments have demonstrated that in sewage containing 50 mg/i
 
cyanide, the presence of acid conditions could lead to release of lethal concentrations of the
 
gas into the sewerage system. Investigators have suggested that cyanide concentrations in
 

-sewers should be maintained below 10-20 mg/1 (Battelle Memorial Institute, 1968).
 

Release of volatile solvents from these waste waters into sewerage systems may create
 
serious health hazards to workers because of excessive concentration of toxic constituents in
 
the atmosphere. Sometimes solvents may lead to serious explosion hazards within sewerage,
 
systems or at treatment plants receiving the waste-water flows.
 

Adverse effects on biological processes used for treating municipal sewage may be serious.
 
Inparticular, heavy metals and cyanides can interfere with biological processes, including
 
activated sludge, trickling filters, oxidation ponds, and sludge digestion. Aerobic organisms
 
may become acclimatized to low concentrations of cyanides and can even decompose them under
 
certain circumstances, but slug discharges of cyanides have been observed to cause serious
 
disruptions of aerobic and anaerobic (sludge digestion) processes. 
 Considering the heaith
 
implications of cyanides and to avoid possibility of interference with treatment processes,
 
many municipalities limit cyanide concentrations to low levels, usually approximating 1-2 mg/l
 
(Battelle Memorial Institute, 1968).
 

Metallic waste-water constituents can exert toxic effects on bacteria and other organisms
 
in biological treatment processes. Many heavy metals may precipitate and accumulate in the
 
plant to levels several times those in incoming waste water, leading to very high concentration
 
in aerobic systems and in sludges discharged to anaerobic digesters. Accordingly, in reviewin
 
observations on heevy metals in biological treatment processes, it is necessary to distinguish
 
carefully between allowable concentrations in incoming sewage and those which actually may be
 
attained in the treatment process.
 

Partly because of this situation, evaluation of concentrations at which various heavy
 
metals become objectionable in biological treatment plants has been the subject of extensive
 
controversy. Until only a few years ago, it generally was considered that toxic thresholds
 
in sewage for chromium, copper, cadmium, zinc, nickel and several other metals ranged from less
 
than 1 mg/l to, perhaps, 5 mg/l. More recent work indicates that toxic thresholds of most
 
metals in aerobic processes are substantially higher and today many individuals suggest that
 
allowable concentration in waste waters undergoing biological treatment may be increased safely
 
to, perhaps, 5-10 times the levels previously considered to be acceptable. Specific data
 
summarizing toxic effects of metals on various treatment processes may be found in many
 
references (Bailey et &l. 1970; Battelle Memorial Institute, 1968; Jackson & Brown, 1970;
 
McKee & Wolf, 1963; US Department of Health, Education, and Welfare, 1965).
 

Adverse effects of cyanides and metals in receiving streams usually are manifested through
 
toxicity to fish and many other types of aquatic life. Lethal concentrations of many
 
constituents of mctal finishing waste waters to fish are summarized in numerous publications
 
(Battelle Memorial Institute, 1968; Jackson & Brown, 1970; McKee & Wolf, 1963; US National
 
Technical Advisory Committee on Water Quality Criteria, 1968). Table 5 summarizes
 
concentrations which have been reported to be fatal to fish, but it must be noted that values
 
reported by different investigators vary widely both above and below those in Table 5 (Pickerin
 
& Henderson, 1966). Allowable concentrations In a receiving stream in which it is desired to
 
protect fish life obviously must be below the lethal concentration. Standards published by
 
various agencies usually permit metals in streams not exceeding 1/10 to 1/100 of the LD50
that concentration which kills half of the test fish during the bioassay test.
 

An effect of toxicants on fish life which has been Ignored all too often is impact which
 
the material may have on fish-food organisms. These adverse effects may be related simply to
 
destruction of fish food, thereby having an obvious harmful effect on productivity. An
 
alternate type of impact may be found in accumulation of metals In organisms comprising the 
food chain, ultimately leading to destruction of fish through toxicity of its food supply, as
 
contrasted with direct toxic effects from constituents dissolved In the water.
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Waste waters from metal plating operations also may be important because of adverse effects
 

on otoer beneficial uses of the watercourse. For example, many incidents have been reported
 

where,.plating waste waters caused death of livestock using the receiving stream for watering.
 

A4so, some'constituents of waste waters may exert serious adverse effects on agricultural .
 

utUity of the w3ter because of toxicity to the crop being grown or accumulation of objectionable
 

materials in harvested produce. Also, biological accumulation may cause objectionable
 

concentrations of metallic constituents in fish taken frob streams receiving metal finishing
 

wastes, making them unsafe for human consumption.
 

An exceedingly important potential impact of metal finishing waste waters may be found in
 

instances where the receiving stream is used subsequently as a public water supply. The
 

important health effects of cyanides and numberous metals on persons consuming water has been
 

well documented. This is illustrated by existence of recommended or required limitations on
 

concentrations of those constituents In potable water standards of the World Health Organization
 

(1970, 1971), the US Department of Health, Education, and Welfare (1962), and of many other
 

countries. Some of the requirements are summarized in Table 6. 

4. IN-PLANT C14TROLS 

In the metal finishing industry, as in few others, costs for treating and disposing of
 

waste waters may be influenced radically by relatively simple in-plant controls applied to the
 

processing operations. These measures are directed towards reducing the volume of flow and
 

losses of objectionable constituents and, if pursued with sufficient diligence, ultimately
 

could result in virtual elimination of major waste-water flows and pollution problems.
 

Much of the pollutional load from metal finishing plants results from drag-out of plating
 

solutions from processing baths into rinse tanks and any approach which reduces drag-out will
 

reduce discharges of potential pollutants. Some steps commonly incorporated into processing
 

operations to reduce drag-out include provision of facilities for increasing time in which the
 

treated objects can drain before passing into the next bath or rinse, installation of
 

dripboards or tanks, air jetting, tumbling, or vibrating the pieces to facilitate removal of
 

liquid. All of these help reduce losses of processing chemicals, which represent the bulk of
 

pollutants discharged from plating facilities.
 

Recovery of chemicals sometimes may be practised successfully, but this requires very
 

sharp reductions in water usage to allow concentration of rinses to volumes small enough to
 

permit their return to the plating bath. Several techniques reported to give major
 

reiuctions in rinse water requirements include: installation of multiple rinse tanks through
 

which the work passes in series, adoption of counter-current rinsing techniques to reduce
 

water consumption even further, increased care in control of water flows through rinse tanks,
 

use of sprays for rinsing, adoption of improved techniques for supporting work parts, and good
 

maintenance of racks and tanks to reduce opportunities for drag-out, drips and leaks (Battelle
 

Memorial Institute, 1968; Chalmers, 1970; Foulke, 1963).
 

Another step which has been reported as helpful in reducing waste-water discharges and
 

facilitating treatment of waste waters is to provide tanks for impounding possible spills.
 

Occasionally, segregation of waste waters may be accomplished into a non-toxic flow which can
 

be dimchaped without treatment and other flows requiring treatment. Also, sometimes it is
 

desirable to segregate wastes requiring different types of treatment into separate collection
 
systems, each leading to treatment units most appropriate for that flow.
 

Many waste-disposal problems in even the smallest shop'could be reduced radically through
 

adopting many of the measures which have been outlined (Battelle Memorial Institute, 1968). 

However, apace requirements and costs of installing equipment to accomplish all of these steps 

may preclude their use in many small metal finishing shops and their operation may be too 

complex and expensive to be justifiable based on potential savings. 
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. . OF TREATMENT ANDM.TH. DISPOSA 

-YMetal finlshing waste waters may contain several materials with potential for causing 
pollution problems, but space limitations here do not allow detailed discussion of the many 
types of constituents and appropriate treatment processes. Accordingly, waste-water treatment 
will be reviewed briefly only for two of the most common categories of potential pollutants 
(1)-processes useful for removal of metallic constituents, and (2) those often used for
 
destruction of cyanides.
 

5.1 Treatment for metals removal
 

Most of the metallic constituents in metal plating waste waters may be removed by
 
precipitation at pH 8-10 with lime, followed by settling. 
 An exception is hexavalent chromium,
 
'which 
occurs in waste waters from chromium plating as chromic acid or chromates. Chromium
 
rinse waters and concentrated baths have to be kept separate for treatment because hexavalent
 
chromium does not precipitate readily, it first is reduced to chromic acid (trivalent chromium),
 
which precipitates at pH 8-9. 
 Reducing agents commonly used for this operation include sulfur
 
dioxide, sodium bisulfite, metabisulfite, and ferrous sulfate. 
 In large plating facilities,
 
the approach most often followed involves reduction of chromium with sulfur dioxide at a pH
 
of 2.0-3.0;
 

BS2 + H20- H2803 

2CrO3 + 3H2SO3 -.. Cr2 (S04)3 + 3H20,
 

This reaction usually requires about 1 lb (0.45 kg) of sulfur dioxide for each pound of chromic
 
acid (Cr0 3 ). Sulfur dioxide may be purchased or waste flue gas in boiler plants may be used
 
by installing scrubbers to absorb the sulfur dioxide into the chromium waste water. 
 If
 
reduction of the chromium is not complete, sodium bisulfite or some other reducing agent may be
 
added to complete the reactions. Sodium bisulfite or sodium metabisulfite could be used to
 
accomplish all of the reduction with similar effects.
 

Ferrous sulfate may be used but usually is practical only if a plentiful supply of waste
 
ferrous sulfate is available nearby. 
 Even so, use o' this material frequently is questionable
 
because of very large volumes of sludge generated when the iron precipitates, in addition to
 
sludge produced by precipitation of chromium after the pH in raised with lime.
 

After reduction has been completed, the acidic solution in neutralized to a pH of 8-9
 
through addition of lime, sodium hydroxide, or alkaline waste waters such as treated cyanide
 
wastes, Hydroxides of most heavy metals precipitate and may be removed by settling and
 
dewatering for separate disposal. Effluent from this type of process usually will contain
 
relatively low concentrations of metals, but sometimes may require additional treatment, such
 
as filtration, for removing the last traces of precipitate before discharge.
 

Several other methods have been proposed for removing chromium from waste waters (Battelle
 
Memorial Institute, 1968, 1971). One of these is based on precipitation of hexavalent
 
chromium with barium salts but this requires addition of a highly toxic chemical which must be
 
controlled rigorously. Further, sludges produced in the process may cause serious disposal
 
problems because of potential toxicity. Dialysis and reverse osmosis have been proposed for
 
purifying chromium and cyanide rinse waters. Also, electrolytic reduction of hexavalent
 
chromium, using scrap metal, has been suggested.
 

Ion exchange has been used to recover chromium from diluted metal plating rinse waters,
 
concentrated rinses from counter-current operations, and to regenerate plating baths. This
 
may involve use of cation exchangers to remove iron and trivalent chromium from contaminated
 
baths, cation exchangers to recovir chromic acid from rinse water and removal of chromium
 
using both cation and anion exchangers to remove trivalent and hexavalent forms. Sometimes
 
evaporation may.be used to concentrate solutions in such recovery schemes.
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5.2 ,,Treatmient ofoyanid. waste wo 

0the many approaches proposed ,t4 ,. -,,-aii- .A-UINS', W061,1 w1,u0F., '..l5. UIUII. , 
comm9nly used today involves destuctionof thei6ynide by alkaline chlorination to produce: . 
nitrogen gas and carbonate: 

2 NaC( + 5 C12 + 12 NaOH -- N2 + 2 Na2CO3 + 10 HaC1 + 6 H20.
 

The reactions actually occur in two steps, with the cyanide first oxidized to'cyanate which is
 
much-less toxic. That reaction is substantially complete within a few minutes and theoretica
 
requires 2.7 lb (1.23 kg) of chlorine and 3.1 lb (1.41 kg) of sodium hydroxide for each pound
 
of cyanide (CN) destroyed. The second reaction completes destruction of the cyanide and ...
 
may require 1-24 hours, with theoretical chemical requirements of 6.8 lb (3.09 kg) of chlorine
 
and 7.3 lb (3.31 kg) of sodium hydroxide for each pound of cyanide. In practice, about 8 lb
 
(3.63 kg) of chlorine usually is required per pound of cyanide.
 

Although either step may be carried out on batch or continuous-flow systems, the most
 
common approach involves use of multiple tanks for batch treatment. This offers the adventag
 
of permitting testing of plant effluent to ensure satisfactory treatment before discharge,
 
without necessity for relying on the sophisticated automatic control equipment required for
 
safe operation in a continuous-flow installation. Because the process is carried out under
 
alkalineconditions, most heavy metals accompanying the cyanide precipitate, producing sludge
 
which may require separate dewatering and disposal.
 

It is important to note that caution must be applied in operating this process because
 
it is necessary to handle chlorine, a relatively dangerous chemical, to treat cyanide, another
 
dangerous chemical. It is of critical importance that proper alkalinity be maintained in the
 
solution to prevent formation and evolution of highly poisonous cyanugen chloride (Battelle
 
Memorial Institute, 1968).
 

The same type of reaction, exactly, may be accomplished using hypochlorites instead of
 
chlorine. This approach is relatively simple because it may be based on adding hypochlorite
 
directly to the rinse water, often without requirements for additional alkalis. With any of
 
the chemicals, however, good agitation is necessary to insure proper mixing and complete
 
reaction. Use of hypochlorite is suggested, especially, for treatment of waste waters from
 
small metal finishing facilities.
 

Ozone also may be used to oxidize cyanide to cyanate. Economic studies indicate that
 
this approach is more expensive than chlorination, but future changes in cost of equipment and
 

power for producing ozone could alter that situation. In a few facilities, cyanide has been
 
removed from wast3 water by acidifying and stripping the volatile cyanide gas. This must be
 

done only with greatest caution because hydrogen cyanide is extrenoly toxic. The approach
 
requires dilution with large volumes of air and discharge through a high stack, or absorption
 
in caustic solution.
 

Another approach which has been suggested for treating cyanide waste waters is based on
 
conversion of cyanide to ferrooyanide by adding ferrous sulfate or pickling liquor. Where
 

waste ferrous sulfate is available, this technique could be relatively inexpensive, but producl
 

large quantities of sludge and strongly coloured effluent. Thore is some evidence that
 

ferrocyanides may decompose under the influence of sunlight in receiving streams to release
 

cyanide to the water. This method has not been accepted in the United States of America, but
 

is used in Europe.
 

Other oxidizing agents which have been suggested for destruction of cyanides include
 

potassium permanganate and hydrogen peroxide. Also cyanides may be complexed through adding
 
nickel salts to form very stable nickle-cyanide compounds. It has been found that cyanides
 
may be destroyed biologically in trickling filter and activated sludge plants, provided the
 
organisms are properly acclimatized and cyanide concentrations do not reach toxic thresholds.
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Reverse osmosis and dialysis are being considered today for purifying cyanide rinse waters. 

Laboratory and pilot work have indicated that ion exchange can be usedto treatCyanide rinse 

watersabut 'that the processmayibeosubjoct to,"polsoning" of the resin through irreversible 
absorption'of complex metal cyanddes.. Alsoo pasageI through cation exchange units, producing 

an acid effluent, could lead to 'production of hydrogen cyanide within the equipment. 

6. SURVEYS AND EVALUATIONS 

'It has been pointed out earlier that the flows, constituents, and concentrations of metal
 

finishing waste waters may vary radically depending upon many factors related to the type of
 

establishment, its operating efficiency, and size. Accordingly, each facility must be studied
 

independently if potential problems which could be caused by that installation are to be
 

evaluated accurately.
 

Evaluation of waste-water discharges from a metal finishing plant will require careful flow
 

metering, interpretation of production schedules to select proper times to measure flows and
 

sample, and development o2 carefully designed programmes to ensure collection of samples which
 

are representative of effluent actually discharged from the installation. Usually, grab sample
 

will mean little unless may are collected in a carefully designed programme which permits the
 

investigator to combine the results mathematically to arrive at average and extreme values for
 

waste-water discharges and concentrations.
 

Analytical measurements most likely to be appropriate for analysing the samples include
 

appropriate metals (exact types depending upon processing undertaken at the facility), pH and
 

cyanide determinations, Metals analyses, in particular, can be very tedious using conventional
 

wet methods. If available, a highly desirable approach is based on using atomic absorption,
 

which expedites such analyses greatly and usually enhances their accuracy. If this type of
 

equipment is not available in water pollution control laboratories, it would be worth while to
 

investigate to determine whether it might be available in local medical, food, chemical or
 

industrial laboratories or to consider shipping the samples elsewhere for analyses.
 

Composite samples of the waste water are likely to be of little value unless collected in
 

a fashion to ensure that they are weighted to flow, because great variations in flow from metal
 

finishing installations often may distort results obtained from such samples. Where baths are
 

dumped periodically, care should be taken to analyse them separately and to consider them
 

individually in evaluating potential pollutional effects of the discharge.
 

TABLE 1. TYPICAL RINSE WATER COMPOSITION (FOULU, 1963), p. 149 

Constituent Average mg/l Range, mg/l
 

Cyanide (01) 25 10-500 

Chromate (Cr03 ) 50 10-500
 

Nickel (Ni) so 10-200 

I.91 ti 
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TABLE 2. TYPICAL NITLUET 1Ao AWOMATIC, PLANT 
dF iNCk-BABES DIECABTINCId(Lj 

WCRC0FPER~ANICKEL,
17),,t9 

MID(CHRJOMIUM 
""' 

PLATING 

Constituent Concentratlon-mg/l: 

!Active alkalinityas Na20 10-20;,, 

jHydrofluoric acid (HP) 5-O . 

lSulfuric ad(142 04) 

Total cyanide as 1 30-40 

Copper as C 20-30. 

-Nickel as Ni 45-55 

Zinc as Zn . 3-8 . 

Chromate as,'Cr 5-10 

TABLE 3. TYPICA EFFLUENT FROM AN AUTOMATIC BARREL ZINC ANI 
CADMIUM PLATING AND PASSIVATING PLANT (LOVE, 1970), p. 280 

Constituent Concentration-mg/1
 

Active alkalinity as Na20 70-95
 

Hydrochloric acid (NC) 160-200
 

Nitric acid (HN03) 0-10
 

2-25
iChromates as Cr 


,Zinc as Sn 20-30
 

10-15
iCadmium as Cd 
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wTABL,4 FOTYPCALJRW1
1Ul 


'Constituent 


Active alkalinity as Na20 

Hydrochloric acid (HC1) 

Sulfuric acid (H2804 ) 

Nitric acid (HNO3) 

Phosphoric acid '(H3P04) 

Chromate as Cr . 

Cyanide as 0N 

Copper as Cu 

Nickel as Ni 

Zinc as Zn 

Cadmium as Cd 

Tin as Sn 

Silver as Ag 

Gold as Au 

Concentration-m-/i
 

. O-100
 

140-190
 

420-470
 

140-190,
 

200-270.
 

15-25 

40-50,
 

3-8
 

15-25
 

5-10
 

7-12
 

1-2
 

0.03-0.01
 

Trace or nil
 

TABLE 5. EFFECTS OF PLATING WASTES COiPONENTS ON FISH LIFE (BATTELLE 
AMORIAL INSTITUTE, 1968; 


Component 

Hexavalent chromium 


Trivalent chromium 


Cyanide 


Ferrocyanide 


Copper 


Zinc 


Cadmium 

Nickel .5-

PICKERING & HNDERSON, 1966)
 

Levels of concentration
 
fatal to some fish, mg/l 

5 

about 5
 

0.05
 

1.45 

0.02
 

o.3
 

0.6 
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* TBLE6.CEECH~X CL _qNSTITUENTS IN DRINKING-_WATER STANDARDS OF THEW HEALTH ORGANIZATION (1970, 1971) AND THE U.S. PUBLIC HEALTH SERVICE:(1962)
 

Concentrations in milligrams per litre 

WHO International (1971) WHO European (1970) j U.S.P.H.S. (1962)
Olemtcal constituent Highest Maximum Upper Approx. level Upper

desirable permissible limit of 
 above which limit of Recommended aximum,leel lee 
 lim.it allowablelevel level concentration trouble may arise concentration
 

Arsenic (as As) 0.05 0.05 0.01 0.057 
Barium 


1. 
Cadmium 

- 0.01 0.01 0.01 
Chloride (as Cl) 200 600 200 
 250
 
Chromium (hexavalent) 

0.05 0.05 
Copper (as Cu) 0.05 1.5 3.0* 1.0 .0 

Cyanide (as (N) 0.05 0.05 0.01 0.2 
Iron (total as Fe) 0.1 1.0 
 0.1 
 0.3.
 
Lead (as Pb) 0.1 0.1 0.05 
Mercury (total as Hg) 
 0.001
 
Selenium (as Se) 0.01 0.01 O.01V 

Silver 
0.05 

Sulfate (as S04) 200 400 250 "250 
Total Solids 500 1500 

5004 
Zinc (as Zn) 5.0 15 5.0 5.0 

After 16 hours contact with new pipes; but water at pumping station should have less than 0.05 1 of c a 0 

pc 
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Tal& 5.9 Summary ol induttiMru 
.a te: itsorigin, charier, 
Ind Ireutoin! 

lndutrie" : :
:;..... ' 

industries Or;ginof major wastes 


producing wa.'tes 


Canned goods 	 Trimming, culling, juicin . and 

blanching of fruits and vegetable3 

Dairy products 	 Diluions of whole milk. spa-
rated milk, buttermilk, and whey 

Brewed and 	 Ste:ping and pressing cf grain, 
distilled beverages 	 residue from distillation of 

alcohol, condensate from stillage 
evaporation 

Meat and pc iltry 	 Strckyards, slaughtering of ani-
products 	 mals, rendering of bones and 


fats, residues in condensates, 

grease and wash water, picking
 
of chickens
 

Bcet sugar 	 Transfer, screening and juicing 
waters, draining from lime 
sludge, condensates after evapo-
razor, juice, extracted sugar 

Pharmaceutical 
products 

Mycelium. spent filtrate, and 
wash waters 

Yeast Residue front yeast filtration 

Pickles Lime water; brine, alum and 
turmeric, syrup, seeds and pieces 
of cucumber 

Coffee Pulping and fermenting of coffee 

bean. 

Fish Rejects front centrifuL., 1)rescd 

fish, evaporator :,id other 
wash %%aterwastes 

Rice Soaking, cooking, and washing 

of rice 

Soft drinks Bottle washin. 

ment clcaniui. 
tan!. drain% 

floor nid equip-

,yrup-stor'ie-

... ... 
Major characteristics 

Foodanddrugs 
High it,suspended solids, col-

loidal and dissolved 	organic 
matter 

Hiroh in dissolved organic matter. 
mainly protein, fat, and lactose 

High in dissolved organic solids, 
containing nitrogen and fer-
mented starches or their products 

High in dis:solved and suspended 
organic matter, blood, other 

proteins, and fats
 

High in dissolved and suspended 
organic matter, containing 
sugar and protein 

High in suspended and disso!ved 
organic matter, including 
vitamin% 

High in %nlids(mainly organic) 
and BOD 

Variable pH.high suspended 
solids, color, and organi,: matter 

High BOD and suspended solids 

Very high HOD. total organic 

solid',, and odor 

High in 3OD, toa a sus-

pended solids (inainy starch) 

High pl-. suspended 	 solid.s and 

not) 

A pparel 

Major treatment anti 
Major mentiad 
disposal mctllods
 

Screening, lagoonig, 	soil ab

sorption or spray irrigation 

Biological treatment, acration, 
trickling filtration, activated 

sludge 

Recovery. concentration by 
centrifugation and evaporation. 
trickling filtration; use in fecds 

Screening. settling and/or 
flotation, trickling filtr.ion 

Reuse of wastes. coagulition, 
and lagooning 

Evaporation and drying, feeds 

Anaerobic digestion. trickling 
filtration 

Good housekeeping, screening, 
equalization 

Screening. settling, and trickling 

filtration , 

Eaporation of total waste, 

bargc remainder to sea 

Lime coagulation, digestion 

Screening, plus discharge to 

municipal sewer 

Textiles Cooking of fibers, de.%i.7ma ,:f Hig'hly t.kaline. co',o; d, high Ncu!ralizaticti, chermical pr.cipita
fabric BUD url teniperjtur.:. hi-h tion, biological treatmvrt, aeration 

fu.,p,;ndeJ solids and .o. • aricl;lin filtration 



Tlhh 5.9' Suntmary O!fndtsjrial
 
11was1e: it origin. character, and
 
tretr:in'lt (Conyinuedj
 

poduc astes Origin of major wastes Major characteristicsproducing wastes 

Apparel (Continued) 
Leather goods 	 Unhairing. soaking. delining High total solids, hardness, salt,and bating of hides sulfides, chromium, pH precipi-

tated lime and BOD
 
Laundry trades Washing of fabrics 
 High tubidity, alkalinity, and 

organic solids 

Chemicals 
Acids 	 Dilute wash waters: many varied Low pH, low organic content 


dilute acids 


Detcrgcnts 	 Washing and purifying soaps High in BOD and saponified
and detergents 	 soaps 

Cornstarch 	 Evaporator condensate, syrup High BOD and dissolved organic
from final washes, wastes from matter; mainly starch and 
"bottling up" process related material
 

Explosives 
 Washing TNT and guncotton for TNT, colored, acid, odorous, and
purification, washing and contains organic acids and 
pickling of cartridges alcohol from powder and cotton, 

metal, acid, oils, and soaps 

Ins,.cticldes 	 Washing and purification prod- High organic matter, benzene 
ucts such as 2,4-D and DDT ring structure. toxic to bacteria 


and fish, acid 

Phosphate and Washing, screening, floating Clays. slimes and tall oil., 
 low
phosphorus 	 rock, contidenser bleed-off from pH, high suspended solids, 

phosphate reduction plant phosphorus, silic;a, and fluoride 
Formaldehyde Residues from manufacturing Normally has high 113OD and 

synthetic resins, and from dyeing HCHO, toxic to b:icteria in 
synthetic fibers high concentrations 

Afale,'aly' 

Pulp and paper 	 Coki,,, reirin, % tahi: of High or low p1: coloyed; high 
fibcrs, screening of iarnerpulp suspended, colodd, ard dis. 

Phoogapic --- ien . ---.-.------. oprand":laie 
solved 

.-
solids; inoreanic 

u'_
tillers,-----"a -..h t01.0gr aphic - Spen-a;t sol tionsof di loper and Alkalin, contains inu

products 	 fixer organic and inor.anic reducing 
agents 

eel Coking of coal, washing of Nlast. I.ow*"lv . ',i-s, cvan oen,, 
furnace flue ,a,,cs, anti pic'linp. phnol, or., cokc. lintune, 
of steel 	 alkali, oils. mill sc;le, and fine 

"uspendcd so!;d%
ptdSiripin of .oide, claning and Acid, metal., toxic. low volume,products plating of metals mainly mineral mater 

. ... 

. Major treatieicnt and
 
. disposal methods
 

Equalization, sC(limentation. and 
biological treatment 

Screening, ch'-nii:al prccipitatiun,
flotation, and adsorption 

Upflow, or straight neutraliza. 
lion. burning when some organic
matter is present 

Flotation and skimming, prc.

cipitation with CaCI,
 

Equaliation, biological
 
filtration
 

Flotation, chcmical precipita.
 
ion, biological treatment,
 

aerati,;n, chlorination of TNT,
 
neutralization
 

Dilution. storage, activated 
carbon adsorption, alkaline
 
chlorination
 

Lngnoning, mechanical clarifi
cation, coagulation an~d set
dling of refined %saste
 

Trickling filtration, adsorp
tion on activa:ed charcoal
 

&ttl,:g, la oning, 	biologcal 

rt.atmnent. ,teration, recovery 
of I')prduas 
Recovery of silver, plus dis. 
charg.e of %:,atesinto municipal 
sewer 

Neutralizatun. recovery and 
retise, chemical coagulation 

Alkaline chlorination of cya
nid, reuction and precipita. 

lion of ch:rmium. and lime 
Frcciritala'n p.1 ether metals 



,ie 5-9 S-..n.ary of indutrial 
iste: its origin,character,and 
'mntit (ContinAed) 

Industries 
producing-wastes Origin of major wastes Major characteristics 

Materials (Continued) 

Major treatmeni and 
disposal methods 

ron.foundry 
iroducts 

Wasting of used sand by 
hydraulic discharge 

High suspended solids, mainly 
sand; some clay and coal 

Selective screening, drying of 
reclaimed sand 

)il Drilling muds, salt, oil, and some 
natural gas, acid sludges and mis-
cellaneous oils from refining 

High dissolved salts from field, 
high BOD, odor, phenol, and 
sulfur compounds from refinery 

Diversion, recovery, injection 
of salts; acidification and 
burning of alkaline sludges 

tubber Washing of latex, coagulated 
rubber, exuded impurities from 
crude rubber 

High BOD and odor, high sus-
pended solids, variable pH, high 
chlorides 

Acration. chlorination, sulfona. 
tion, biological treatment 

31ass Polishing and cleaning of glass Red color, alkaline non-settleable 
suspended solids 

Calcium chloride precipitation 

14aval storcs Washing of stumps, drop solution, 
solvent recovery, and oil 
recovery water 

Acid, high BOD Byproduct recovery, equaliza
tion, recirculation and reuse, 
trickling filtration 

Energy 

Steam power Cooling watcr, boiler blowdown, 
coal draiitage 

Hot, high volume, high inorganic 
and dissolved solids 

Cooling by aeration. storage o 
ashes, ncutralization of e.xccs)
acid wastes 

Coal proccsing Cleaning and classification of 
coal, leaching of sulfur strata 
with water 

High suspended solids, mainly 
coal: low pl-, high Hl.S0, and 
FeSO, 

Settling, froth flotation. 
drainage control, and scaling 
of mines 

Nuclear power 
and radioactive 
materials 

Processing ores, laundering of 
contaminated clothes, research-
lab wastes, processing of fuel, 
powerplant cooling waters 

Radioactive elements; can b 
very acid and "hot" 

Concentration and containing, 
or dilution and dispersion 

Source: McGauhey, P. H.; "Engineering Management of Water Quality,"
 
McGraw-Hill Book Co. (1968).
 
Originally from: flemerow, Neison L.; "Liquid Waste of Indus
try," Addison-Wesley Publishing Co (1971).
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chemical 

Acetic acdd
AlkaieS 

Ammonia 
Arscnic 
Chlorine 
Chromium 
Cadinium 
Citric acid 
Copper 

Cyanides 

Fats. oils, grease 
Fluorides 

Formalin 

Hydrocarbons 
Hydrogen peroxide 

- [.cad 

a Mercaptans 
Min.-:r-l cids 

Nic~el 
Nitro compounds 
Organic adds 
P]hcnols 

S-!vcr 
S:arch 
.Sag:rs 

Sullidcs 

Sulfates 

Tannic acid 

Tartaric acid 

Zinc 

,nngic !,r€mia!$S iPn de.riel '.S Tud ieS-7 COD of iryste. fronm selected Indusrries 
Industry 5-day,20°C BOD o!waste.
 

Source of waste r
 
Acetate rayon, picklc wad bcctroot manuf.acturc 
 rCotton and straw kicri.,n. cou'n manufacture.

mercrrizng, wocl %couring.kaundrics Bcct sugar refining 450-2,000Brewery 500-1.200
 
Oas and coke nanufacturc. chemical manufacture 
 Bccrslop 1,500
Shecp-dipping, fell mongering * Cannery 300-4,000Laundries, paper mills, textile bleaching Grain distilling 15.000-20.000Plating. chromc tanning, aluminum anodizing Molasscs distilling !O.000-30.O00PL'ting Laundry 
 3-1,000Soft drinks and citruS fruit processing Milk proccsing 300-2,000Plating, pickling, rayon manufacture Meat packing 600_-2000Plating. ectal cleaning. casc-hardcning, gas Pulp and papcr

manufacture Sulfitc 20Wool %couring.laundrics. tcxtilcs, oil refineries Sulfitc-cookcr 16,000-25.000Gas and cokc manufacture. chemical manufacturt Tannery 500-5.000feriiiier plants. transistor manufacture, metal Textilesrcfinin. cur;!niic pianls, glass etching Cotton processing 50-1.7-Manufacture of synthctic resins and penicillin Wool scourin 200)-10.000
Pctrochcmical and rubber factories
 
Textilk ilc achig. rocket molor t sting
 
llattcry manulfacturC. le;d minif. paint
 

nianufacturc. paolinc maifacture
Oil refining. pulp milts Source: -McGauhey, P. H.; "Engineering Management
Chemical manufacturc, mines. Fe and Cu pickling of Water Quality," McGraw-Hill Book CompanyDDT manufacture, brewing. textile. photo- (1968).

engraving, battery manufacture
 

Plating
 
Explosivc%and chemical work-t
 
Distillerics and fcrmentantion plants 
Gas and coke manufactum: synthetic resin
 

manufacture: textiles; tanneries; tar, chemical.
 
and dye manufacture: sheep-dipping
 

Plating. nho oraphy
 
Food. iextile. wal;paper manufacture
 
Dairics. foods. sugar refining, preserves, wood
 

process
 
Textiles, tanneries, gas manufacture, rayon
 

m.,nufacture
 
Wootl proc.ss. viscose manufacture, bleaching 
Tanning. sawmills
 
Dycing; %inc. L-ither. and chemical manufacture
 
Galvanizing, plating. viscos manufacture, rubber
 

process
 

s'sn:: Klein Il. Renr.uced by pcrmis ion or th- publither. 
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___________industries 

Table 54 Water *equirentents perunitof product. seleted U.S. industries 

Waterti req ire 
Industry and product Unit(exceptof product,as noted)tons Watr reutijrdnipcr unit,

U.S. gallons
Chemical industries 

ceic a idAcetic acid usre Ton of HAc "120,000--290,000 

Alcohil 
 Gallon 52-138Anmonia Ton of NH 37,5Ammonium sulfate T o NH0 

Calciun carbide 
 - 36.500- . . .240.000 
Calcium mclaphospate Ton of CTa(Po3 )2 2.A0Calbon dioxide 

. - - 2a-500Cau.igiC soda Ton of NaOH (I I%I 22.000-2".,50o
Cellulose nitrate •. 12,000 

Charcoal and wood chemicals Ton of CaAc2 79,000
Corn refining Ton of slarch 333 

I aso!ine 
 Gallon 7-34 
Guanpov~dcrHydrochloric acid - • . 200,000Ton of 20 BV0 HCI 3,500
Hydrogen Ton of H, 800,000 

s - -Oxygen 235,000
100 ft3 65 


Soap . . 3 6 0 

• -18000-22.000
SulfuricSulfuricSoda ashacid - -- 0-Ton of 100% H.SO 800-6.0003.000Food and beverage indtries 


BeFot san rae in20,000-25,000Leather 

Bread 
 • • • 200-200 

6r00d1.2....
 
Beans. green 
 • • - 20,000Pe aches and pea tsm.etars . ..-hesand 2 .0310Gelati n d--. 15,000-24.000 

Meat packing Ton live weight 5.oo0 

Milk products 

Oik. edible 
 Gallon 88
Sugar 

.. 1.200-2,600Beer Gallon i5Whisky Gallon 80 

"gable 54 Water requirepnents perunit of prodart. selected U.S.
(Continued) 

Industry and product Un o fproduct, tons Water rcquir! 
c -. ,rdxc pt a. noted)p r un t 

Kraft pulp Ton dry pulp 110.000 
UPulp and paper 

Sulfate pulp"-
IiiCp l 8 2 O-2 0.oSuifite pulp .8 • •02.M0 

Soda pulp 

4700Paperboard • - • 7000Strawboard 17,500-10300C 

Texiilc industries
 
Cotton 
 0
Cotton bleaching 

. - -2.0,00--7,
 
Loctn dyeing
 
Linen 
 •00-o0 
Rayon Ton of yarn 105,000-240,0(X
Woo! scouring • - 4O,000-240.00i} 

Metal and metal products
Roled stel00 - • -96 000 
Finished steel •7.Q0
 
Fabricazcd steel 
 - . 52,000Steel shects
(Average all products) . .. 16,000 
Aluu.l -- 20 0 00-3 5 .0. . 360,000

MiscellaneousElectric power kwhr 85-185
Coal washing ... 1,800-4.300.

tanning Ton, raw hide 19.500 
Synthetic ruliber 

- ..... 
24,000-600 000 

Source: McGauhey, P. H.; "Engineering Manage- . . 
ment of Water Quality;" McGraw-Hill Book 
Company (968) 

"4000-5.000



EFFLUENT,VOLUMES FROM THE MANUFACTURE OF 

PULP AND PAPEk PRODUCTS
 

Process 
 Gal perton 

Pulp manufacture
 
-Kraft, and soda pulps 
 15,000-35,000
Sulfite pulp 
 40,000-60,000
Semichemical pulp 
 30,000-40,000
Groundwood pulp 
 4,000-10,000
Deinked pulp 
 20,000-35,000


Pulp bleaching
Kraft and soda pulp 
 15,000-60,000
Sulfite pulp 
 30,000-50,000Neutral sulfite pulp 
 40,000-609000


Paper manufacture
 
White papers 
 20,000-40,000
Tissues 
 8,000..35,000
Kraft papers 
 2,000-10,000
Paperboard 
 2,000-1 5,000
Specialty papers 
 20,000-100,000
 

EFFLUENT LOADS FROM PULP AND PAPER MANUFACTURE 
Eflntp!_r ton ofprodict 

SspendeduEffluent -- -d_- 5-diadDy BOD
 

Kraft and soda pulp 20-30 
 25-50Groundwood pulp 	 40-80 15-25 
Sulfite pull) (no liquor recovery) 20-40 	 400-600
 
Neutral sulfite semichemicil pulp 100-10 	 250-40
 
Textile fiber pulps' 	 300-500 
 200-.300
 
.Straw pulp 	 400-500 400-500
 
Bleaching 	 6-35 
 12-200 
Deinked pulp 500-800 00-1 30
 
Fine papers
 
Tissue 
 50-100
Bond, mimeo, and printina 	 50-100 15-30


20.40
Gl ass ine 
 10-15 15-2
 
Coarse papers

Boxboard 
 50-70 	 20

Corrugating board 	 50-70 
 25-60
 
Kraft wrapping 
 15-25 	 5,15:.

Newsprint 
 20-60 1020'
 

Specialty papers 2

Fiber. 
 200-300 	 140-170
 
Asbestos 
 300-400 	 20-740
 
Roofing felt 	 50-00 
 40"60
 
Insulating board 	 50,100 150-20
 

Source: 	 Gurnlani, Co Fred; "Industrial. Wasjtewat Control;" Acdelidc Press,
'1965). 
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Introduction 

The pickling of cucumbers and the pickling of olives have in comnon the production of wastes with a high chloride content, arising from
the salt brining process during which the vegetables undergo fermenta
tion. The wastes from the pickled cucumber industry have, in addition 
to a high chloride concentration, a high biochemical oxygen demand, alow pH, and a high solids content. It is an all too practicecommon
In both the pickled cucumber and the pickled olive industries to discharwastes without treatment, a practice which has in the former instance
resulted in stream pollution and in the latter instance, in ground water 
contamination.
 

Processing of Pickled Cucumbers
 

The practice of pickling cucumbers was brought to America by the
early Dutch settlers of the New York region (7). Now, over 100,000 acrej
of cucumbers are harvested annually for processing. In 1961 17,450,000
bushels were produced, with a farm value of $23,405,000 (1). 

The United States Standards for Cucumber Pickles, as set forth inthe Almanac of the Canning, Freezing, Preserving Industries, state that 

Cucumber pickles means the pickled product prepared from 
clean, sound, fresh, immature cucumbers which have been curedby natural fermentation in a solution of common salt with or
without the addition of dill herbs and processed or preserved

in a liquid packing medium which may be seasoned with suitable
 
nutritive sweetening ingredients, salt. a vinegar or vine-

Surs, spices or flavoring or both, and onions or garlic or

both, and with or without other seascQAng cr flavoring ingredi
ents to give the product a flavor and characteristics of the
 
respective type, with or without the addition of any other

ingredient or ingredients which may be permissible under

the provisions of the Federal Food, Drug, and Cosmetic Act (2);
 

The Standards also set forth the proportion of vegetables, such as cauli
flower and onions, which may be added to various cucumber products.
Styles of pickles are listed as whole, cross-cut, lengthwise slice, cut,
bad finely cut (2). Types are listed as natural dill, processed dill,sourw, sweet, sour mixed, sweet mixed, sour chow-chow, sweet chow-chow,
Sour relish, and sweet relish (2). The style and type of pickle being
Processed have an important bearing on the characteristics of the wastes

1rising; in general, the sweeter or the more finely cut is the product,
the greater the pollutional strength of the wastes arisina. 
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Pickle-packing is usually a year-round operation (2, 17), and plants 
tend to operate on a'ten-hour day, five-day week basis (17). Processing 

of malt stock is done throughout the year, and fresh-pack processing is 
done during the cucumber harvest season, May through July. Plants com
nBly produce to order, and therefore the type of product being processed
 
varies from day to day (17). The leading pickle-processing states are
 
California, Michigan, Minnesota, North Carolina, Oregon, Washington, and 
Wisconsin (2). 

A flow-sheet of the steps in converting cucumbers into pickles is
 
shown in Figure I,page 26. Harvested cucumbers are placed into vats 
with 15-20 per cent salt brine. Lidn are used to keep the cucumbers 
from floating. After about a week fermentation begins. This fermenta
tion is carried out largely by lactobacilli and closely related bacilli 
(26), which act on the sugars leached from the cucumber by the brine.
 
After approximately three months in the brine, the pickles are graded
 

and returned to the vats for storage. When the stored salt-stock is
 

needed for processing, the pickles are washed and then "freshened" in an
 
alum and turmeric solution which promotes coloring, swelling, and firm-


Ing (18). During the freshening air is pumped into the solution to keep
 

the pickles in motion (18). Subsequent processing depends on the style
 
and variety of pickle product desired.
 

Figure 2, page 26, shows the steps in the preparation of sweet pic

kle products. Whole pickles go directly into vats for impregnation with
 

vinegar and sugar syrups, whereas pickles destined to become chips,
 

relish, and so on are first sliced to desired degree, usually (18) in a
 

rotating cutter which simultaneously cuts the pickles and sprays the
 

pieces with a jet of water. After the "sweetening" tank, the pickles
 

are packed into Jars, covered with the vinegar and syrup, capped, and
 
pasteurized.
 

Figure 3, page 26, shows the steps in preparation of sour pickle
 
products. The process is similar to that for the sweet pickles, except
 

for the fact that the pickles are imenated with a vinegar and herb mix
 
ture which contains only a small amount of sugar.
 

The processing of dill pickles is very similar to that for sour
 
ickles. Dill herb is added to the brine tanks during fermentation
 
producing natural dill pickles) or dill-flavored vinegar is used to
 

impregnate regularly brined pickles (producing process dill pickles).
 

In each of the above figures, sources of wastes are indicated. In
 
addition to these wastes, significant amounts of wastes are contributed
 
by seasonal conditioning of the vats (18) and by cleanup operations.
 
The major waste sources my be summarized as follows:
 

1. Lim water from "sweetening" the tanks about once a year.
 
2. Spent brine from fermentation.
 
3. Turmeric and alum water
 

.
 

pickles.
 
4. Washings, seeds, plant fluids (sap), pickles, and parts Iof 

5. Processing wastes--overflow spill, transfer losses, cool
ing water.
 

6. Daily cleanup operations, 

m A. 
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06'_.Mnento of the -waste flow mry 1.nclude 

1. 	 Alum 9. Dili 
2. 	 Turmeric 10. S 

Sodium chloride 1. PIckles, seeds, slices, et er
Acetic acid 12. Sand and dirt

5. 'Lactic acid 13., Sanitary wastes 
6. 	 Lactose 
7. 	 Surcrose 
8. 	 Spices 

Analyses of the pollutional aspects of pickle wastes have been re
ported by several authors, and the results of these analyses are sum
iarized in Tables I and II, below.
 

TABLE I. CHARACTERISTICS OF WASTE FLOW FROM PICKLE PROCESSING 

SuspendedSource -PH BOD Chloride Total Solids Solids
 
5 day,200 C. ppm ppm ppm
 

ppm
 

Barnes (5) 3.6-4.4 Boo-54oo0 2500-14000 ---- -- - ---
Haseltine (14) 4.0 -2000 6500 13, 600 200

Kiiball. (16) 4.0-6.0 .-- .......
 
Nemerow (18) 3.9-8.8 01070 3000 8000-24000 148
Ryan (23) 4 300 ~ - 4000 200 

TABLE II. CHARACTERISTICS OF WASTE FLOWS FROM SEVERAL PROCESSES 

Source DescriPtion of Flow pH 'suap. Solids BOD 
ppm 5 day,20'C. 

Barnes (5) Sweet liquor 2.9-3.1 .. -- 200000-400000 
Cleanup wash 3.9-7.0 	 0-800 

Nemerov (18) Alum-turmeric waste, 
whole pickles 4.1 1024 420
pickle chips 3.2 U85 	 1890 

Drainings from relish 
process 
 3.2 7980 	 2500
 

In brief, the wastes are characterized by high solids content, low pH,
hish chloride content, and high BQD. It might be noted at this point
that the cooling water contributes about one-half the volume of the total 
waste flow but has a BOD of only one part per million (17). 
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What, is the most widely accepted method of treating pickle wastes?In many cases the raw wastes are discharged directly-to a receivingstream without even the mst elementary "treatment" afforded by screen133 and equalization. For example, none of the eastern North Carolina
pickle-processing plants provide any treatment at the present time (8,
917,19), although efforts are currently being directed toward the correction of this situation. Nemerow (18) relates in great detail another
instance in which raw 
pickle wastes were discharged, at times causing
such oxygen depletion in the receiving stream that fish kills were the
 
result. 

Biological treatment appears to be satisfactory in some instances.
Barnes and Weinberger (5) report the use of trickling filters, activated

sludge, and oxidation ponds in the treatment of pickle wastes, but unfortunately no details are given. 
Haseltine (14) describes pilot studies on the use of trickling filters and concludes that 

L. 	At least 85% reduction of raw waste BOD can be achieved
 
with proper pH control and proper loading.


2. 	Chloride concentrations up to 5000-6000 parts per million
 
have little effect on treatment efficiency.
 

Haseltine also reports 65-70% reduction of BOD with chemical precipita
tion. 

Discharge of wastes to a municipal system may offer a satisfactory
solution, provided the pickle industry avoids overloading the municipal
system and avoids sending slugs of brine to the system. Kimball (16)
reports the effect on the municipal system in Crosswell, Michigan, when,
due to increased demand for sweet pickles and relish, the BOD load from
the local pickle plant increased to three times above the load expected.
Odor and corrosion resulted, as well as a 
drop in efficiency of the
Imhoff tank-trickling filter system from 85% to 56%. 
In Garland, Texas
(24), experience with the effects of pickle wastes on the municipal

trickling filter system prompted the suggestion that brine tanks be
dumped at night, allowing some of the chlorides to bypass the filter.

In Faison, North Carolina (8), the Imhoff tank once used for treating
muicipal wastes was abandoned when wastes from the local pickle plant

rusted out the system.
 

Even without treatment, proper in-plant control can greatly reduce
the pollutional load of the pickle-processing wastes. 
In one instance,
a plant was able to achieve a 64% reduction in BOD simply by improving
processing routines (5). 
 The following suggestions for in-plant control were compiled from Barnes and Weinberger (5) and Nemerow (18):
 

.. Screening of tank drains, floor drains, and screens be
neath the cutter-washer.
 

2. 	Placing of screenings and dropped pickles In garbage
 
barrels.
 

3. 	 Care to avoid overfill and spill. 
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I. 	 Complete emptying of finishing tanks, conserving liquor. 
. ."Double-netting" transfer if transfer is done nually; 

one net of pickles is allowed to drain liquids back into
 
the tank while a net already drained is carried to the
 
next process, reducing dripping on the floor.
 

6. Leak-proof packing tables with devices for collecting 
drippings. 

7. 	 Use of extracted, rather than starch-base, turmeric. 
8. 	 Reuse of syrups and liquors and reconditioning of brine. 

Control of waste flow components until favorable stream conditions
 
prevail can greatly reduce stream damage. Barnes (5) reports an 80% 
reduction in total flow BOD achieved by segregating high-strength liquors, 
these liquors being stored until stream flow was high. Nererow (3) 
recommends withholding brine with slow discharge during rainfall or high 
stream flow and with dilution with lime water and other low-chloride 
wastes.
 

The eastern North Carolina pickle industries have banded together 
to form a cooperative to study means of reducing stream damage due to 
the 	wastes from their plants (17). The plants have decided to modernice
 
their equipment to minimize product and liquor losses, and they have 
conducted pilot st udies of several methods of biological treatment. 

Processing of Pickled Olives
 

Nearly all of the olives produced and processed in the United States
 
are produced and processed in California. In 1961, olive production in
 
the United States was 43,000 tons, of which 26,000 tons were canned and 
8,,00 tons minced and brined (1). The farm value of these olives was 
46,966,000 (1). The San Joaquin Valley of California contains about 40%' 
of the state's (and the nation's) olive acreage, and processor-canners in 
this Valley can about 60% of the total amount of olives canned (15). Two 
principal types or oluves ure produced, ripe olives and common green or 
Spanish olive s (15). It is from the processing of ripe olives that the 
large volumes of high salt wastes arise (15), although green olive pro
ceasing also produces brine wastes (26). 

Steps in the processing of ripe olives may be outlined as follows:
 

1. 	Harvesting and delivering to processor.
 
2. 	Grading to size.
 
.	 Storage in 5-10% salt brine to soften the outer tissue (26).
 

Treatment with 0.7 to 2.0% lye solution to remove the
 
natural bitterness due to a glucoside, oleuropein (26).
 
Several lye treatments, each followed by washings.
 

5. 	Aeration of lye solutions or exposure to the air of the
 
atmosphere to give the black or dark brown color desired.
 
(Green ripe olives do not get this treatment.) (15)
 

6. 	 Washing with water and/or dilute aci4 to remove alkali. 
7. 	 Fermentation in 2 to 5% brine, from 2-6 weeks (26), This 

is a lactic. acid fermentation simiar to that of pickled 
cucumbers. 
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8. Yo may not have pasteurization at the point (15).
9. Grading and sorting. pit(5.

10. Packing in cans, filling with hot brine, sealing.
11. Sterilizing. 

Olives my be subsequently unpacked, pitted and stuffed with brinau pmn
to, and repacked into Jars with salt and lactic acid brine (7). 

The major sources of wastes are the strong brine discharged from
 
the storage vats and the lye coming from the processing, this lye coming

from the vashings since the 0.7-2.0 per cent lye solution isreused (15).
 

The olive canning season in California runs from October 15-February

15 (2); however, some processors operate all or most of the year (15).
 

fte olive wastes have been a problem in California for many years,
Gillespie (12) reporting in 1929 that olive pickling works were among 
those industries causing stream damage. It is now the practice in Cali
fornia to discharge olive waste directly to land surface via ponds or 
Ir~drectly to land surface through municipal sewerage systems (15). 4mici
pal plants receiving olive wastes use their effluents at one time or ano
ther for irrigation (15). Contamination of ground mater with chlorides 
Is in many cases suspected and in some cases proved. In one instance, 
c.hloride concentrations in water from wells near the municipal sewage
 
treatment plant have increased by about 150 parts per million in the
 
last ten years (15). It might be noted that the sewage treatment plants
 
do not reduce the mineral concentration of the olive waste and that all
 
the salt discharged by the olive plant gets onto the land sooner or
 
later (15).
 

The Depeatment of Water Resources reconmmends placing of restric
tions on the "quality of waste waters being discharged to land surface,

by means of ponds or irrigation use, to the following maximum limits: 
chloride concentration of 175 ppm, total dissolved solids concentration 
of 1,000 ppm, and percent sodium of 70 percent." (15) What can the 
processors do without resorting to costly methods of chloride removal? 
Colonel Gorlinski, the executive officer of the Central Valley Region

Water Follution Control Board, California, states that "Probably the 
greatest unsolved problem... involves in-plant process alterations which 
are needed to reduce waste effluent volumes and strengths to allow easier 
handling" and that "Proper control systems within the plant could dras
tically alter the waste disposal problem, making it much more amenable 
to control procedures." (13) Gorlinski also reports that the Western 
Research Lab of the lational Canners Association is working on the problem
of in-plant changes for olive packing plants. 

Conclusions 

The pickled cucumber and the pickled olive industries offer two
excellent examples of the need for industries to examine and analyze
In-plant procedures and to determine means of in-plant control of waste 



flows. Such in-plant control can reduce water pollution, reduce the 
costs of waste treatment, and perhaps even eliminate the need for all 
treatment beyond screening and equalization. In most cases, the indus
tries themselves benefit by reduction of product losses and by reduc
tion of costs for processing ingredients, such as sugar, salt, and 
vinegar. In these and similar cases perhaps the best selling point in 
the "sale" of in-plant control is that the industry itself will benefit 
financially by such pleasant means as good housekeeping and moderniza
tion of equipment. 
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CHAPTER 35
 
PRINCIPLES FOR CONTROLLING THE
 

OCCUPATIONAL ENVIRONMENT"
 
Jack E. Peterson,Ph.D. 

INTRODUCTION 
Hazards and potential hazards in the occupa-

tional environment can be purely mechanical in 
nature, or they can take the form of materials 
which are capable of causing fire or explosion, or 
of producing injury by inhalation, skin or ec con-
tact, or by ingestion. Physical forms of energy
such as noise, non-ionizing and ionizing radiation,
and heat are also potential hazards. Most basic to 
the control of any hazard is the concept that it 
can be controlled. Once the hazard is defined 
properly and the need for and the degree of 
necessary control is determined, then the only re-
quirements are imagination, trained personnel andmoney to put the control methods to work, 

The basic principles for controlling the occu-
pational environment consist of substitution, iso-
lation and ventilation. Not all basic control prin-
ciples are applicable to every form of hazard, but 
alh occupauionai hazars can bc controniea by the 
use of at least one of these principles. Ingenuity,
experience and a complete understanding of the 
circumstances surrounding the control problem 
are required in choosing methods which will not 
only provide adequate control, but which will con-
sider installation, operating and maintenance costs 
and personal factors such as employee acceptance, 
comfort and convenience. Furthermore, hazards, 
costs and benefits can change with time so that 
hazard control systems need continuous review andupdating. The aim, then, must be not only to de-

efficient hazard control methods, but to eval-uste the effectiveness of those methods at regular
intersals, 

SUBSTITUTION 
Usually, when one thinks of controlling a 

hazard he thinks automatically of adding some-
thing to do the controlling. For example, an en-
gineer is more likely to think of controlling a va-
por hazard by ventilation than by substituting a 
less hazardous material for the one which is caus-
ing the problem. Yet, substitution of less hazard-
ous materials or process equipment, or even of a 
less hazardous process, may be the least expensive
asb
well as the most positive method of controlling 
an occupational hazard. 

Unfortunately, substitution is not a technique
easily taught. No one can sit down with a slide 
rule, pencil and paper and decide how to best use 
substitution to eliminate an occupational hazard. 
Instead, the principle of substitution is demon-
strated best with examples so that by analogy the 

student may apply what he has learned to, his par
ticular problem. 
Process 

One of the main hazards to oui atmosphcric
environment results from the usc of gasoline-pow
ered internal combustion engines innearly all of 
our automobiles. Control of this source of air pol
lution is being attempted in many ways, from the 
passage of laws to the modification of gasoline to 
the substitution of a less hazardous process. Sub
stitute processes range from diesel engines to elec
tric motors, and even include the greatly increased 
use of mass transit systems. That there is no 
uge o ntathe s sy s s haa ru s oagreement on the best "less hazardous process"
(or in fact, that process substitution is necessary)
indicates that more study is needed and problem
solutions may be political as well as scientific. 

Choosing a substitute process is not always
difficult. For inotance. dinninp an ohiect into a 
container of paint almost al way s creates much less 
of an inhalation problem than does the process of 
spraying that object. Cutting is usually less noisy
than breaking or snapping; mechanical stirring 
causes less material to become airborne than does 
sparging; generating electric power from nuclear 
energy causes less air pollution than does the use 
of fossil fuel, but hydroelectric power is less pol
luting than either; and distillation usually causes
 
fewer problems than does crystallization.

fer oe t ano escrstliztinAfter considering many' examples of process 
substitution, one principle appears to stand out:
the more closely a process approaches being con
tinuous (as oppqsed to intermittent), the less hazardous that process is likely to be. This principle 
is a fairly general ione and applies to energy haz
ards such as noise, as well as to the more familiar 
material hazards. This principle isnot always use
ful, but its application should be considered when
ever hazard control by process substitution is at
tempted.
 
Equipment

Where the process itself does not need to be 
changed to reduce hazards, the needed control 
often can be achieved by substituting either equip
ment or materials handled, or both. Substituting
equipment is nearly always less expensive than 
substituting processes and often can be done "on 
the job." On the other hand, finding a substitute 
material may be easy or may require extensive 
research anJ 'or process changes. For these rea
sons, equipment is substituted more often than 
either processes or materials. 
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Equipmert substitution is often the "obvious"'
solution to an apparent hazard. An example might!
!be the substitution of safety cans for bottles to 
store or contain flammable solvents, or the substi-
tution of safety glass for regular window glass in
the sash of a "fume" hood. Examples such as
these can be multiplied indefinitely because they 
are obvious on inspection. 

One of the main requirements for efficient 
equipment substitution is the awareness of alter-
nates. Persons concerned with hazard reduction 
must familiarize themselves with all kinds of
safety" equipment as well as with the processes

and process equipment in their jurisdiction. For
example, sidcshield safety glasses are unlikely to
be substituted for regular spectacles unless some-
one knows the need for, as weli as the existence
of, the side-shield glasses. Unless someone knows 
that neoprene gloves are being ruined by contact
with chlorinated hydrocarbons, and also knows 
that polyvinyl alcohol gloves are available and
impervious to this kind of attack, a substitution is 
unlikely.

Realistic .;uggestions for process equipment
substitution are often based on a background in
both engineering and industrial hygiene, but even
without an extensive background, a fresh look at 
an old process or problem can pay large dividends,
The man who gets out and around within a plant, 
a company, a city or a nation is likely to observe new solutions to problems and thus is likely to be
able to apply them elsewhere. Good equipment
muhtitutinn is hased on cm.non.ense, ingenuity,
keeping up with the state of the art, and the cx-
perienec of working with people, processes, and
the equipment used by both. 
Material 

After equipment substitution, material substi-
tion %the technique most often used to reduce 

or to eliminate hazards in the occupational en-

vironment. Examples abound. The substitution 

(forced by a tax law in 1912) of red for white

phosphorus in matches drastically reduced both 

an industrial and a "general" hazard. Substitu-
tion of perchloroethylene for petroleum naphtha
in the dry cleaning industry cssentially eliminated 

a serious fire hazard. Using tritium-activated phos-

phors instead of radium-based paint for watch and 

instrument dials has reduced 
 the hazards ssoi 

ated witll the manufacture of the dials. and in ad-
dition ha: reduced by a small amount the back-
ground radiation experienced by the general pub-
lie. Removing beryllium phosphors from luores-
cent lamps not only eliminated a hazard to the
general public, but also eliminated a more serious 
hazard to the men manufacturing such lallps. 

Many )ears ago the principal cold cleaning
solvent was petroleum nuphtha. Bccase of its
fire hazard, a substitute material :as srght. Car-
bon tetrachloride appeared to be ideal because of
its low flammability, good solvent power, and low 
rrice. Experience and a great deal of research, 
uowever, showed that a serious fire hazard had
been traded for a perhaps even more serious vapor
inlhalation hazard. Today, carbon tetritchlorlde is 

being supplanted by several other chlorinated hy
drocarbons, notably 1,1,1-trichloroethane, tri
chloroethylene, pcrchloroethylene and methyiene
chloride. Each of these substitutes is far less toxic 
and far less hazardous to handle than is carbon
tetrachloride, although each -has its own hazards. 
In addition, the fluorinated hydrocarbons are being
used more and more despite their expense, mainly
because their inhalation and fire hazards are so 
low. 

The principle of material substitution carries
with it the same type of rewad .an ihic same po
tential hazards as other kinds of substitution. Sub
stitution of a different material can reduce or
eliminate hazard, but one hazard can be substi
tuted for another inadvertently. A careful watch 
must be kept for unforeseen hazards that may crop
up when any kind of substitution is used. An ex
cellent source of information about the toxic Prop
crties and hazards of materials and their substitutes 
is the Hygienic Guide series published by the
American Industrial Hygiene Association. 

ISOLATION 
Isolation is the terni applied when a barrier is

interposed between a hazard and those who might
be affected by that hazard. The barrier may be 
physical, or distance or time may provide the iso
lation considered necessary. 
Stored Material 

Stored material rarely poses an overt hazard,
and therefore, whether it is raw material or fin-

ILA1,ApzoduLi., hu IL1 1 ClCd ae ikely to take
it for granted and to assume that it poses no threat. 
This assumption can he dangerous.

When flammable liquids are stored in large 
tanks above ground, common practice is to groupithe tanks on a "tank farm" but to isolate eachtank from the others b;' neans of a dike made of
earth or concrete. If a major spill does occur, the
(possibly flaming) liquid is restrained by the dike
from coming close enouch to other storage tanks 
to affcc, them. For more positive protection, tanks 
are buried to interpose an even more formidable
barrier between their contents and the general

rivironnient. A further example is to restrict the 
Vlme of material stred in a single container.
This e.emplilics the u:,:of isolation to reduce a
 
h ~are'd 1.yofsol, arriers ,ather
by ipeosing

thn n large on, l-tven the conteiits and the
 
nironment. 

Where the principal hazard of a liqid arises
from inhalation rather than from fire, the imposi
lion of a physical biarrier becomes much more dif
fIct ihan simply btildinva dike. When the quanlille relativel ,tiilll(Lp hi a f'w tens of 
tilh(i) a~rehae,,t ih h',,t(ta, toc f niqu ues 
I.lh i.lodl ill. Alkiion and "entl. c:, ple.ICof this
practice is the more and more common use of
vcntilatcd storage cabinets in laboratories.2 Such
cabinets are usually made of fire resistant material
and air is drawn throutgh them constantly by means 
of a fan which dischar'ges out-of-doors. 'his type
of arrangement interposes both physical and aa 
vcmilation barrier hetw,,cn the i:ontcnts of storage
vessels and the laboratory environment and in ad
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dition, may free much valuable, hood space4 for' 
other than storage use. 

Solids usually are stored either in original con-
tainers (bags, cans, or drums), bins, or simply in 
piles which may even be out-of-doors. Except in 
unusual cases, solids rarely pose problems in stor-
age which compare in magnitude with those of 
liquids and gases. Outside storage piles can beunsightly and can be the source of air pollution 
problems: in such cases a physical barrier is the 
usual answcr. The barrier may be as simple as a 
tarpaulin or as complex as a storage building with 
several kinds of materials handling equipment. 
Equipment 

Most equipment used in processing operations
is designed to be safe if it is used properly. On 
the other hand, there are times and cases where 
this is far from true. Equipment that is operated
under very high pressure. for instance, may well 
pose a severe hazard even when operated cor-
rectly. In such cases, the proper action to take 
is to isolate the equipment from the occupational
environment. Usually physical barriers arc used 
and the barriers may be very formidable ones, 
indeed. Extensive use may be made of armor 
plate as well as reinforced concrete, mild steel, 
and even wood. Viewing the work area may be 
done by remote controlled television cameras, 
simple mirrors or periscopes.

Equipment isolation may be the easiest method 
of preventing hazardous paysical contact, for in-
stance with ho! surface, Inmilhaiinp n h t w;iter 
line may not be economical from a strictly mone-
tary standpoint, but may be necessary simply be-
cause that line is not sufficiently isolated from 
people by distance. 

Inhalation hazards can often be reduced 
markedly by equipment isolation. One example 
is that of isolating pumps. Nearly all pumps used 
in industry can leak and will do so, at least oc-
casionally. Proper planning should take this fact 
into consideration, perhaps by arranging vessels 
and piping so that pumps handling hazardous ma-
terials can all be located in one area. That area,
then. can he isolated physically from the remainder 
of the process equipment. If. then. the pump 
room (and 'or each pump) is ventilated properly,
minor leaks will be of no consequence, and major 
ones will be epairablc without a serious inhala-
tion hazard to the mechanic. 
Process 

Process isolation is usually thought t,)be the 
most expensive of the isolation methods of hazard 
control, and thus is probably the least used. Never-
theless, %%.:tli space-shot-perfected tech-today's
niques, some extremely complex processes and 
equipment have been shown susceptible to remote 
control, and in principle there is probably no proc-
ess which cannot be operated remotely if die cx-
pense of remote operation is justified.

Process isolation techniques were givfn gteat
impetus when men sought ways in which to handle 
radioisotopes safely. They found that the hazard 
from external radiation sources could be atten-
uated with shielding and distance, but both of 
these techniques required the developnient of very 

,'sophisticated methods of remote operation. Mas
ter-sla'e manipulators were designed to allow di
rect "handling" of equipment from very remote 
locations and this, in turn, accelerated thc devel
opment of different viewing methods, complex
electronic systems, and the theory and philosophy 
of remote operation. 

The modern'pctroleum processing plant is an
example of the use of remote processing. Many
of the newer plants are based almost completely 
on centralized control with automatic sampling
and analysis, remote readout of various sensors,
on-line computer processing of the data, and per
haps actual computer control of process equip
ment. These techniques were not developed with 
hazard control uppermost in mind; instead, econ
omy of operation was the spur, but safety was a 
by-product. 

Computer-controlled processing also appears 
to be gaining acceptance in the chemical industry.
For the most part, this change has been in re
sponsc to economic pressures because, despite
their high initial costs, computer-controlled con
tinuous processing plants can be operated with 
much less expense than that associated with man
ual operation, and at the same time produce a 
superior product. Such plants enjoy the advan
tages of remote operation and also those of con
tinuous processing with attendant relatively low 
volumes of materials actually being handled. This 
combination can result in a very low hazard po
tcntial. 

Prxess isolation, however, by its very nature 
can pose some rather extreme hazards. That is. 
when human intervention is required. the potential
hazard may rise abruptly from near zero to near 
certainty. In such cases, full use must be made 
of techniques of isolating the man from his en
vironmcnt. 
Workmen 

Isolating workmen from their occupational en
vironment has been used since antiquity, and 
will continue to be necessary in the foreseeable 
future. The first blacksmith to don an apron of 
hide was using this principle just as certainly as is 
the present day radioisotope handler with his plas
tic airsupplied sealed suit and its connecting "tun
nel."' Pliny, the Elder, wrote about the use of 
pig's bladders by miners to reduce the amount of 
dust inhaled' and today advertising men extol the 
virtues of masks made of polyurethane foam to 
accomplish the same thing.

Using personal protective equipment of any
sort exemplifies the principle of isolating man 
from his occupational environment. Protective 
equipment for workers should usually he designed
for emergency or temporary use. but this does not 
always hold true. Experts in the safety field stress 
the continual use of some sort of eye protection
if only because loss of vision is such an extreme 
penalty to pay for a moment's inattention. Hard 
hats and safety shoes with steel toccaps arc other 
examplcs of protective equipment designed to be 
cheap insurance against severe loss. Sonic kinds of 
personal protective equipment are so ubiquitous
iis to be almost a badge of the trade. The butcher's 
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apron, the chef's tall hat, the welder's helmet, the 
first 'baseman's glove, the logger's boots and the 

"fullback's shoulder pads are all devices designed 
to help isolate man from his occupational environ-
ment. 

Today it is possible to isolate anyone from 
practically any environment for nearly any length
of time. We can send men through the vacuum 
of space to the moon, for instance, or send them to 
the depths of the sea, completely protected from 
rather extreme environments. Nevertheless, even 
though essentially complete protection is possible,
it is rarely used. 

Completely isolating a man from his occupa-
tional environment is difficult and expensive;
therefore, when worker isolation is necessary, it 
is usually partial rather than complete. Even par-
tial isolation can result in discomfort (consider
wearing a gas mask all day, for instance), and in 
such cases other techniques of controlling the en-
vironment should be considered seriously. Face 
shields, ear plugs, rubber gloves and the like should 
always be available if their use is warranted, but 
the aim of the engineers and planners should be to 
make their continual use unnecessary. Further-
more, all emergency protective equipment should 
be inspected periodically and tested if necessary to 
..ssure that it will perform its intended function in 
.0!, 

esting of protective equipment and planning
for - proper use (see Chapter 36) are both very
complex fields. By its nature, most equipment of 
his t)pe is designed for use at times when all of 

the I.azards are not delineated readily - where,
in fact, the real hazards may never be known. For 
instance, canister-type gas masks have been re-
garded as suitable for respiratory protection in
emergencies provided that the air still contains 
enough oxygen to sustain life. Chemical reac-
tors, tanks. sewers and buildings on fire don't al-
ways provide enough oxygen to sustain life, and 
therefore, injuries do occur from asphyxiation.
Furthermore, the canister on the mask may not be 
designed to protect against the air contarinant(s)
actually present and again people are injured
despite their gas masks. While the traditional gas
mask still has uses. in many cases it should be re-
placed by one of tle supplied-air type which can 
be worn in an oxygen-deficient atmosphere which 
contains unknown concentrations of unknown 
gases. vapors an(d particulates. This type of mask 
will do a good job in such atmospheres provided
that it fits.' that the reservoir contains sufficient 
air for the necessary time, and that the regulator
is functioning properly. 

Gas masks are not the only pieces of protec-
tive equipment idiat aciual] may not protect in 
the emergency where they are ugcd, but they cx-
emplify the idea that obtaining ccluipment for pro-
tection is no guarantee that the equipment will 
be effective. Judicious testing of equipment de-
signed to isolate man from his occupational en-
vironment is a necessity. 

VENTILATION 
Ventilation (see Chapters 39 and 42) can be 

used to Insure thermal comfort as well as to keep
dangerous vapors from the breathing zone of a 
worker. It can be misused in an attempt to blow 
away radiant heat or used properly to control the 
dust hazard from a grinder. Ventilation equipment
is found everywhere, much of it designed, engi
neered, and used improperly, even though a simi
lar expenditure of time, effort and money could 
well have resulted in adequate or better-than-ade
quate control of the occupational environment." 

From the point of view of the engineer, venti
lation systems can be either local or general in 
nature, and they can attempt control mainly by 
exhausting or supplying air properly. These desig
nations cannot, of course, be absolute because, for 
instance, local supply for one area is general sup
ply for any other part of that room or building.
Nevertheless, the intention of the planner will con
trol this discussion. 
Local Exhaust and Supply

Localized ventilation systems nearly always at
tempt to control a hazard by directing air move
ment. The velocity of the moving air may also 
b.- a consideration, but except in high velocity
low volume systems, it is used only to assure that 
the direction of movement is the correct one. 

There are two main principles governing the 
correct use of local exhaust ventilation to control 
airborne hazards. The first is to enclose the process or equipment physically as much as possible.
The second is to withdraw air from the physical
enclosure (hood) at a rate suflicient to assure that 
the direction of air movement at all openings is 
always into the enclosure. All other considera
tions are secondary. If these principles are fol
lowed, no airborne material will escape from the 
enclosure so long as the enclosure is intact and
the ventilation system is operating properly.

There are times where no enclosure is possible
and where control of airborne hazards must be ac
complished simply by the direction and velocity of 
air movement. These cases are not exceptions to 
the basic principle because, at the point where 
control must be assured, if the direction of air' 
movement is always into the hood there will be 
control of materials suspended in that air. Simi
larly, if an air-tight elosuirc wvere to be uoed, then 
no air need be moved to assure control of a vapor 
or an acro:ol, but the principles have not been 
violated. 

Three of tle probliens awsociatcd with local 
exhaust systems stand out. First, and most obvi
ous, is that of poor design. All too many venti
lation systems appear t, have been laid out by 
someone who has no knowledgc of how to handle 
air propcrly. 'lhese s',\ems abound in abrupt
expansiowm. imid contiactons., in iight-angle entries. 
in the mceruse of blat gmat:s to attenuate p oblems,
and so on. Siiice the advent of the ACGiIH Ven
tilation Manual, poor exhaust or supply iystein
design has had no excuse bectause good technique
is so easily available. 

The second problem is that of inadequate ex
haust. It is exemplified by the exhaust systemwhich has been added to from time to time, until 
nothing associated with the system works at all 
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well. The solution is simply to make sure that
all systems, old as well as new, are well engineered.

The third problem of local exhaust systems
is that of inadequate supply. People who are will-
ing to install extra hoods at the drop of a hat 
(probably adding them to an already overloaded 
exhaust system) almost uniformly seem to feel that 
adequate supply air is a luxury or frill which they 
can do without. This tendency is accentuated by
the widespread knowledge of a "rule. of the thumb" 
which states that so long as the number of air
changes per hour in the building is less "X" there 
is no need for a separate supply system. (The
value of "X" varies from thumb to thumb, but is
likely to be from 2 to 4.) This rule assumes that 
the building isn't 'tight" and that infiltration of
air will equal or exceed that exhausted. 

Almost all buildings "leak" a little, and some
leak a lot of air. Nevertheless, another principle
of controlling the occupational environtnent by
local exhaust is "always ,supply at least as MU 
air as will be exhauited." A mechanical air supply
system can and will do many things that infiltra-
tion cannot. A michadical system can supply air
that is filtered. (and thus clean), teuiipered
(warmed or cooled as necessary) and in the 
proper kloation to eliminate drafts and to avoid 
excessive disturbance of air at the faces of local
exhaust hoods. None of these benefits can be
lined by counting on infiltration for supply.

Local supply in itself is used occasionally to 
effect control or to assist in control of local ex-
Iaust. ,Acoilbinatio uf supply and vxhaust, for 
instnt, is sometimes used as a "push-pull" sys-
tern to tontrol vapors from large open tanks," the
0, ly air being used to "push" vapors into the 
eXhau~t system. If properly engineered, such sys-
tems'can work well and can effect controlby the 
movement of much less air than would be neces-
sary if only exhaust were used. 

The main use of, local supply systems is not. 
however, to control hazardous vapors but, in. 
stead, to reduce heat stress problems. For this
appication, air is usually supplied oi an individ-

ual basis and each man is allowed to control the 

direction and/or the, velocity of air impinging on 

his work station. The air used is not cooled, but
is supplied at high velocities (up to 500 fpm); it
cools by sweat evaporation and by convection, if 
its temperature is below the man's skin tempera-
ture (as is usually the case). 
General Exhaust and Supply

General exhaust and supply systems attempt
to control the occupational environment by dilu-' 
tion. This principle can be used for many types
of problems, ranging from hazardous vapors to 
locker room odors to problems of dust, humidity
and tcmperature. A principle of general ventila-
tion is that it be used to control problems that
inherently are widespread. That is, it makes sense 
to use general exhaust and supply ventilation to
control t-,e temperature and humidity of all the
air in an office building, but itdoes not make soese 
to try to control the fume generated by one wejkr 

when'uscd to control "point", 'sources of airborne 
contaminants, and in addition, is very wasteful of 
air when used for such purposes.

Even local systems must have air to exhaust,
and usually that air is supplied by a general sys
tern - one that is not associated with any particu
lar hood or exhaust port. Some dilution of air 
contaminants will take place because of the ,en
eral supply system, but its main purpose is simply
to provide air to be thrown away by the exhaust 
system.

Air moving equipment can be expensive, and 
air filtering and tempering equipment can be even 
more so. Therefore, some engineers attempt to 
save money by recirculating sonic exhatt air 
back into the supply system. While this practice
is standard in office buildings, it is rarely applic
able in factories and shops because the air handled 
by the exhaust system cannot usually be cleaned
adequately. Once-through systems, therefore, are 
standard except where the contaminant in the 
exhausted air is an easily handled particulate with 
a low inhalation toxicity. Sawdust for example,
is usually low in toxicity (adhous sonic woods 
are sensitizers), and the particles may be large
enough to be removed easily from an air -:tream.
In such a case, recirculation of some part of the 
exhaust air could be considered. 

Inadvertent recirculation of exhausted air is a 
growing occupational health problem. When ex
haust stacks and supply inlets are not separated
adequately, part of the exhaust air will be cap
tuied by the iniet and recirculated to the building.
This problem is prevalent in buildings designed by
architects who are more concerned with the ap
pearance of a roofline than they are with the 
health of those who will work in the building."
The problem also occurs between buildings, cspe
cially when roof elevation differences are not 
great, and elsewhere when little or no attention 
has been paid to the possibility of recirculation. 

Recent work has shown that the best way to
 
prevent recirculation is to discharge exhaust air

in such a manner that all of it will escape from

the "cavity" which forms as a result of wind
 
moving over and around buildings.'' " The intake
 
can then be located at any convenient place,

usually close to the roof, with assurance that re
circulation will be negligible. Unfortunately, the
 
prediction of cavity height above a roof is not 
yet an exact science, but enough is known so that 
intelligent decisions can be made. The recircula
tion problem must be considered whenever highly
toxic, highly hazardous, or highly odorous mate
rials are discharged by an exhaust system, whether 
or not a mechanical supply system is present. 

EDUCATION 
The first and most basic principle of almost 

any discipline isthat knowledge isneeded in order 
to apply that discipline to practical problems.
Some knowledge comes with experience, but ex
perience can be a poor teacher. More or less
formal education can supplement experience andwith an exhaust fan located in the oppositc w 1. can direct it into the most productive channels.General ventilation Is almost always unascc I, Nearly all people with line responsibility In indus
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try, and many with staff responsibility, can become 
ivOlved 'with; controlling'the occupational envi-
ronment. All of these people can profit from edu. 
cation in this area. 
Management 

Few managers become involved directly in the 
practical aspects of hazard control, yet very little 
hazard control is done without management back-
ing. Managers exist mainly to motivate people
(or to allow people to motivate themselves), but, 
even expert motivators cannot channel activity
into areas of which they arc ignorant. Education 
of management should deal much more with the
"why" of hazard control than with the how, when,
where or whom. 

There has been very little effort to formalize 
the education of managers in most industries;
usually they are taught about hazards in meetings,
conferences and personal chats by men who work 
for them. Informal education is better than no 
education at all, but tie present best hope is the 
recent proliferation of short courses prepared and 
presented for representatives of high echelon man-
agement. A short course is the easy way to obtain 
quite a lot of valuable information with a small 
expenditure of time. This approach has been used
successfully in the field of hazard control and 
much more use of it should be made in the future. 

Short courses for managers should identify
hazards in broad areas; details should be reserved
for examples. The courses should concentrate 
particularly on the costs and benefits of controlling
the environment, but should not completely ne-
glect humanitarian aspects. Legal requirements
which must be met should also be a part of the 
course content, but where a "carrot" exists, its 
use will almost always produce better results than 
will a club. Particularly for managers, the car-
rots (rewards) should be searched out, found 
and emphasized. 
Engineers 

At least a portion of the work of every indus-

trial hygienist can be traced to equipment and 'or 

process design failure. In many "failure" cases 

the person who designed the equipment or proc-

ess simply was not aware of the potential conse-

quences of the failure, or that such a failure %Ya%
possible. Examples range from the purchase of 
equipment noisy enough to he hazardous, to the 
use of carbon tetrachloride or benzene as solvent,
to the speclticalion of gasoline-powered lift trucks 
for an enclosed warehouse, to the omission of v 
necessary fire door. In general, these failures arist 
from ignorance rather than from malice or from 
a "devil-may-care" attitude. Furthermore, the de-
cision which resulted in a failure probably was 
made by soeone quite far removed ,from the
consequence% of the decision - a planner, per-
haps, or an engineering designer. 

Educating engineers in regard to environmental 
hazards has, in the past, taken place mainly on
the job by :ssociation with more experienced
people. In recent )cars a few short courses have 

een given to supplement on-the-job training, but 
all too often any remedy applied is both too little 
and too Irte. 

The logical place for engineers to be exposed
to the knowledge that the environment abounds 
with hazards is when they are students at the un
dcrgraduate level. What is necessary then is not 
a program designed to turn these people into 
industrial hygienists or safety engineers, but in
stead, a course or courses which tend to open
their eyes to the consequences of decisions they 
may make in their professional capacity. Under
graduate engineers (and most graduate engineers,
for that matter) simply aie not aware that it is 
perfectly possible to write noise specifications for 
much equipment; that carbon tetrachloride and
benzene have excellent, much less hazardous, sub
stitutes; that LPG fueled lift trucks generate much 
less carbon monoxide than do gasoline-powered
lift trucks, that electric lift trucks are available 
and entirely suitable for most lift truck tasks; or 
when and where to install fire doors. The hazard 
gamut is so large that the typical short course can 
only scratch the surface, and a semester-long ex
posure stands a much better chance of getting the 
idea across. 

Several colleges and universities already offer 
one or more courses surveying the fields of indus
trial hygiene for undergraduates especially in en
ginecring curricula. With such courses as the 
foundation, short courses later in professional
life should be able to keep engineers reasonably
well up to date on environmental hazard control
provided, of course, that they regularly read the 
literature related to the field. 
Supervisors 

In most circumstances, the further a supervisor
is from actual control of a process, the more he 
deals with men and the less lie deals with things.
Supervisors usually work only through other peo
pie and consequently, they become aware of most 
environmental hazards from other people, or 
through their actions. In the case of an obvious 
hazard within his jurisdiction, a supervisor either
 
can deal with the hazard with his own resources
 
or lie can solicit aid from others. Generally, which
 
action to take is rather obvious, but sone of the
 
hazards posed by the occupational environment
 
are subtle rather Ihan obvious, and most super
visors are not equipped to deal with the subtle
variety at sll. 

I'ducation (if supervior, usually should be 
process and proe, ;., eqll:oient oriented. The aim
of the eduicacnm should he to teach them about 
the subtle ha/ards that may be found in the en
vironment of their eniployees and when and under 
what circumstances to request aid in solving the 
problems those hazard,, pose. Supervisors who 
are knosledgeable and %%ell informed about haz
ardow; proioe.es, opem;. i 'as and nialerials are
often :able to control haz:rds early enough so that 
outside aid is not neccssary except fvr periodic
checks or reviews. 
Workmen 

Traditionally, little effort has been made to
teach workmen about either the equipment or the
materials that they handle. In the past few dcc
ades, safety engineers have shown over and over 
again that there are direct benefits to be gained 
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from teaching workmen about the physical haz-
ards in their environment and how to avoid those
hazards. More recently, industrial hygiene engi-
necrs have begun, usually in periodic safety meet-
ings, to teach workmen about the hazards of ma-
terials and energies and, perhaps not surprisingly,
have found similar bencfits. 

Hazards associated with the occupational en-
vironment impinge first on thelCmen who work di-
rectly with materials, process eqtuipnent and proc-esses. 
As 	these men are the irst affected, they 


may well be the first to recognize adverse effects,and if so, if they are knowledgeable about the 
effects of the materials and energies they work 
with, they may be able to pinpoint problems be-fore those problems bco mese ere. 

The main arguments against educating work-
ers about the real and potential hazards of the
materials and energies to which they are exposed
have been that such knowledge would create ap-
prehension, cause malingering, and give the unions 
another club to hold over the head of'management.

Where worker education has been used, how-

ever, groundless fears have cvaporated, attendance 

has improved, and unions have been more cooper-

ative, especiallyand in matters concerning the healthsecaly in maters cgieneand safety of workmen. 

An aware workman can often anticipate andcircumvent hazards before they become serious to 
him, his fellow workers, or to the physical facili-
has bcen f -', once source of a hazardtics. Furthermore,€ " the 

,,,t,n .;p:'i,6:. , ,,iid 
or engineers, quite often have the best ofideas 
how to eliminate the problem with the least ellort 
and expense. And finally, aware workmen often 
can be used to assist in industrial hygiene sur-
veys,12 thereby freeing the industrial hygiene en-
gineer for perhaps more productive tasks. 
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1. GEIRAL INSTRUCTIONS
 

1.1 These Sanitary Norms and Standards shall apply to the preparation of plans for 

constructing or reconstructingundertakings, buildings or installations for industry, transport, 

communications and agriculture, including power stations and pilot factories and plant.
 

1,2 Thes Norms and Standards shall not apply to the preparation of plans for underground 

installations and mines, or for temporary industrial buildings and installations erected for 

the duration of the building work and with a service life of under five years. 

1.3 Planning shall also comply with the sanitary requirements for the particular type of
 

industrial production concerned, Including the industrial processes of transport, comunicationt
 

agriculture, etc., undertakings, as set forth in the relevant regulatory texts and agreed or
 

approved in accordance with established procedure.
 

1.4 The plans for undertakings or individual production units shall make provision for
 

industrial processes and equipment such as shall ensure that:
 

there is very little or no escape into the air of the premises, into the atmosphere
(a) 

or into waste waters of harmful or malodorous substances; and likerwise very little or 

no escape of heat or moisture into the working premises;
 

(b) there is very little or no generation of noise, vibration, ultrasound, electro

magnetic waves at radio frequencies, static electricity or ionizing radiation.
 

1.5 When planning the technological aspects of undertakings, provision shall be made for: 

the replacement, in the production process, of harmful substances by harmless or less
 

harmful ones; and the replacement, in the processing of dust-generating materials, of
 

dry techniques by wet ones;
 

the replacement of processes and industrial operations generating noise, vibration and
 

other harmful factors by processes or operations not producing such factors or doing so
 

at a lower intensity;
 

the replacement of flame methods of heating by electrical ones, and the replacement of 
solid or liquid fuels by gas;
 

the hermetic closure or maximum sealing of joints and connexions in industrial equipment
 

and piping to prevent the escape of harmful substances during the production process;
 

insulation of heated surfaces on equipment, air ducts and piping;
 

complex mechanization, including automation, remote control and automatic signalling,
 
during individual processes and operationa liable to eat harmful factors;
 

continuous production processes;
 

covers for mechanical transport, and the use of hydraulic and pneumatic modes of transport
 

for dust-generating materials;
 

recovery of harmful substances and their removal from industrial wastes, to ensure
 
compliance with the provisions of paragraphs 2.4, 2.15 and 5.6 of these Norm and
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preferential use of',equipment,, vlng a'ood hea1th ratIng 110 i 

automatic shutdown devices for industrial equipment and sanitary engineering appliances,
 
* ..andthe use-of equipment with built-in local exhaust pumpsand3.ithting;,
 

,:)noise-deadening and vibration-absorbing devices;
 

rational layout of work areas and their protection from exposure to electromagnetic
 
waves at radio frequencies and ionizing radiation;
 

usset
oprocesses producing the minimum amount of waste water.
 

Notes: 1. The use of industrial processes and equipment liable to umai or generate narmrul
 
,,factora in considerable quantity thus requiring additional measures (such as special
 
protective devices, waste disposal plant, more intensive treatment of industrial and
 
ventilation wastes and enlargement of the health protection zone) to reduce such
 
factors to the levels provided in the Norms and Standards, shall have to be justified
 
on both technical and economic grounds.
 

2. A calculation of the atmospheric and water pollution likely from the harmful
 
substances contained in industrial wastes and acoustic calculations shall be included
 
in the technical part of the plans for an undertaking.
 

To that end, the plans shall make provision for a combination of measures to
 
ensure that the design conditions regarding the emission of harmful substances are
 
met in actual operation. The necessary conditions for the use of appliances to
 
measure and continuously record the quantities of harmful substances entering air and
 
water and appliances to regulate the amounts emitted by intensifying treatment,
 
modifying the rate of production, or other measures, shall be laid down in special
 
instructions Issued by the Gosstroj of the USSR in agreement with the Ministry of
 
Health of the USSR.
 

L.6 Any modification of industrial processes or equipment, any increase in productive
 
:apacity, any Intensification of manufacturing processes or any other changes to the under
taking shall comply with the requirements of the present Norms and Standards.
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2. REQUIRMENTS FOR SELECTING 'BUDING SIiS!AND' 
PREPARING MASTER PLANS 

2.1 Building sites for;undertakings shall be selected, and their buildings end installations
 
located, in accordance with the requirements of those chapters of the Building Standards and
 
Regulations relating to the preparation of master plans for industrial undertakings andrwith
 
the requirements of the present Norms and Standards.
 

2.2 Undertakings, or their individual buildings and installations, using industrial processes
 
liable to emit harmful or malodorous substances into the environment or generate high levels
 
of noise, vibration, ultrasound, electromagnetic waves at radio frequencies, static electricity
 
or ionizing radiation shall be separated from residential areas by a health protection zone.
 

2.3 The width of the health protection zone up to the edge of the residential area shall be
 
measured:
 

(a) for undertakings using industrial processes liable to pollute the atmosphere with
 
harmful or malodorous substances, direct from the sources of concentrated wastes (chimneys,
 
shafts) or dilute wastes (vents in buildings, etc.) polluting the atmosphere, and also
 
from places where raw materials are unloaded and from open stores;
 

(b) for undertakings using Industrial processes liable to emit noise, vibration,
 
electromagnetic waves at radio frequencies and other harmful factors Into the environment,
 
from the buildings, Installations or sites where the industrial equipment (assembly,
 
machinery) producing those harmful factors Is installed;
 

(a) for heat-and-power stations and for boilers used for industrial or heating purposes,
 
from the smoke stacks.
 

2.4 Undertakings, or their individual buildings and Installations, using industrial processes
 
liable to emit harmful or malodorous substances into the atmosphere, or liable to generate
 
external noise at levels exceeding those laid down in the Norms and Standards for residential
 
areas, shall not be located upwind (with regard to the direction of the prevailing wind) of a
 
residential area.
 

Undertakings using industrial processes not releasing harmful substances into the
 
atmosphere, using processes not generating external noise or other harmful factors at levels
 
exceeding those laid down in the Norms and Standards for residential areas and not requiring
 
an access railway line shall be permitted within residential areas.
 

Industrial building sites shall be selected with reference to the atmospheric and climatic
 
features and topography of the locality, the direct solar irradiation and natural ventilation
 
and also with reference to the conditions governing dispersal of industrial wastes in the
 
atmosphere and those governing the formation of fog.
 

2.5 Undertakings, or their individual buildings and installations, using industrial processes
 
liable to produce harmful industrial factors shall be assigned the following health protection
 
zones depending on their production capacity; the conditions under which the industrial
 
process is carried out; the nature and quantity of the harmful or malodorous substances
 
released into the environment; the noise, vibration, electromagnetic waves at radio frequencies,
 
ultrasound or other harmful factors produced; and with reference to the measures provided for
 
reducing the harmful effects of such factors on the environment and for ensuring compliance
 
with the requirements of Sections 9-14 of the present Norms and Standards relating to the
 
sanitary classification of undertakings, production units and premises:
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Class I 1000 m 

Class II 500 m 

Classll 3II ii 

Clang' IV," 100 u; 

Class V 50m 

The sanitary classification and size of health protection zones for undertakings,
 

production units and premises using industrial processes liable to give r'ise to the above-'
 

mentioned harmful industrial factors In the' environment shall be established 'in acoordance
with Section 8 of the present Norms and Standards.
 

Note: 	 When an undertaking located within a population centre Is being rebuilt, the width of 

the health protection zone shall be established by joint decision of the Ministry of 

Health and the Gosstroj of the Union Republic. 

2.6 The health protection zone for undertakings and working premises may be enlarged if 
necessary for technical, economic or health reasons, but by no more than a factor of three, by 

joint decision of the Central Board of Sanitation and Epidemiology of the Ministry of Health 

of the USSR and the Gosstroj of the USSR; 

(a) depending on the degree of effectiveness of the measures that are provided or are
 

practicable for treating wastes released into the atmosphere;
 

(b) in the absence of any means for treating wastes;
 

(c) where It is necessary to site a residential area downwind (witn regara to tne 

prevailing wind direction) from an undertaking, in a zone liable to atmospheric pollution; 

(d) in accordance with the wind distribution pattern or other unfavourable local
 

conditions (such as frequent windless spells or fogs);
 

(e) where it is impossible to reduce the noise, vibration, electromagnetic waves at
 

radio frequencies or other harmful factors entering the atmosphere below the limits
 

established by the Norms and Standards;
 

(f) when new production units that have not yet been adequately tested for any harmfu
 
effects they my have on health are being built.
 

2.7 The width of the health protection zones for individual groups or complexes of large
 

Class I or II undertakings in the chemical, petrochemical, metallurgical, engineering or other
 

branches of industry, including heat-and-power stations, that emit wastes liable to cause
 

large concentrations of vo-ious harmful substances in the atmosphere, that generate noise,
 

vibration, electromagnetic waves at radio frequencies or other harmful factors or that have a
 

particularly adverse effect on health and on living conditions affecting health, shall be
 

established in each particular case by Joint decision of the Central Board of Sanitation and
 

Epidemiology of the Ministry of Health of the USSR and the Gosstroj of the USSR.
 

2.8 	 The width of the health protection zone for undertakings, buildings and installations in
 
1
which radioactive substances are handled shall be established in accordance with the sanitaby.
'
 

regulations relating to the handling of radioactive substances and sources of ionizing radiation,
 
approved in accordance with established procedure. 
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2,9 The width of the health protection zone my be reduced in cases where: 

(a) it is established, as a result of calculation of the dispersion Sn the atmosphere
 

of the harmful substances remaining after treatment of wastes, improvement of industrial 

production processes, or other measures, that the content of harmful substances in the, 

air of population centres will not exceed the levels given in Section 9 of the present
 

Norms and Standards;
 

(b)., ,L'. t is established, as a result of analysis of noise levels, that the levels of 

noilsewi*thin residential a:eas will not exceed +heu* 1s4d dnon in Ran*Inn 13 nf the 

present Norms and Standards;
 

() , 1the.levels of vibration, ultrasound, electromagnetic waves at radio frequencies, 

static electricity and Ionizing radiation in residential areas will not exceed those set 

down in the Norms and Standards. 

Notes: ;1. Both calculation of the atmospheric dispersion of harmful substances contained
 
V industrial, % in wastes and determination of noise levels shall be performed in accordano 

o 	 .with the regulatory texts that have been approved or agreed, in accordance with 

established procedure. 

2. Determination of the width of the health protection zone on the basis of the
 

calculated atmospheric dispersion of harmful substances shall be carried out with
 

refeznce to the total pollution of the outside air, by existing (background) pollutan
 

as well as by industrial and ventilation.wastes.
 

3. The existing (background) pollution of the air in an area proposed for building
 

or rebuilding an undertaking shall be determined by the local sanitary, epidemiologica
 

and hydrometeorological authorities and submitted to the planning organization for use
 

in determining the health protection zone for the undertaking.
 

-

2.10 No part of a health protection zone shall be considered as spare land for the undertaki
 

and used for the extension of its industrial activities.
 

2.11 The suitability of land set aside as a health protection zone for agricultural use (for
 

growing crops or as hay meadows or pasturage) shall be determined with reference to the nature
 

and quantity of the harmful substances contained in the industrial wastes falling on the healt
 

protection zone, and shall be subject to the agreement of the local authorities of the Ministr
 

of Agriculture of the USSR and, where necessary, of the sanitary and epidemiological
 

authorities.
 

2.12 The land of the health protection zone shall be laid out and planted with greenery in 

accordance with a plan for the provision of amenities prepared at the same time as the plans 

for.building or rebuilding the undertaking. The plan for the provision of amenities and the 

selection of vegetation for planting shall comply with the requirements of those chapters of 

the Duilding Standards and Regulations relating to the preparation og master plans for 

industrial undertakings. 

When plaining the amenities of the health protection zone, provision shall be made for 

retention of the existing vegetation. On the side bordering a built-up are provision-Shall 

be made fora strip not less than 50 m wide or, where thezone width is under 100 m, not less 
than 20 m wide, to be planted with trees and bushes. 
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2.13 The following; shall be permitted.n, the health protectlon zone: 
(a): ,undertakings, or their individual build*1jgs and ,installations, that lie in a.lower 
class with regard to the gneration of harmful factors than the production unit for which
the health protection zono was established, provided that the harmful factors are of the 
sam nature in both cases; 

(b) fire stations, bath houses, laundries, garages, storehouses (other than public or
-specialized food stores), administrative buildings, design offices, educational facilitle
shops, public catering undertakings, polyclinics and research laboratories that service

the undertaking in question or neighbouring undertakings;
 

(). premises for staff on standby duty and watchmen on duty roster, parking space for
public and private transport, local and through roads, power transmission lines, power
stations, oil and gas pipelines, artesian wells supplying water for industrial purposes,
water-cooling installations, installations preparing water for industrial purposes,
water and sewage pumping stations, closed cycle water supply installations, underground

reservoirs, and nursery gardens preparing plants for planting on the premises of the
 
undertaking and in the health protection zone.
 

Notes: 1. 
 The siting of the premises referred to in paragraph 2.13 shall comply with the

requirements laid down for such premises in the regulatory texts.
 

',2. Undertakings, Industrial buildings and installations shall not be sited in the,
health protection zone in cases where harmful industrial factors emitted by any such.r,
undertaking may adversely affect the health of workers, or damage materials,
equipment or finished products, at another undertaking, or where there is a resultant
increase In the concentration of harmful factors in a residential area above the

permissible levels laid down in the present Norms and Standards.
 

3. 
 The siting of sports facilities, parks, children's establishments, schools,

curative, preventive and health establishments serving the general public shall not,

be permit d in a health protection zone.
 

2.14 
 The siting in the open air of industrial plant, appliances, assemblies or equipment
emitting harmful industrial factors shall comply with the requirements of the Norms and
Standards for Industrial planning that have been agreed in accordance with established
 
procedure.
 

2.15 
 Individual buildings and installations shall be so sited within the precincts of the
undertaking concerned as to ensure that at the designed or other air intakes for ventilation
 or air-conditioning systems the content of harmful substances in the outside air does not
exceed 30% of the maximum permissible concentrations for work areas in industrial premises.
 

To that end, the need to comply with the provisions of paragraphs 1.4, 1,5 and 5.6 of the

)resent Norms and Standards shall be taken into account.
 

2.16 
 The width of the gaps left for health purposes between buildings and installations lit
)y light entering through window openings shall not be less than the height to the top of the
 
aves of the tallest of the buildings or installations opposite.
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Notes:. 	 1 If one of the buildihgs or installations. opposite has no openings for the , 

admission of light on the side facing the other where oveishadowing 10 likely to occur, 
i hin 'the, distance between such buildings or' installations shall be determlned solely 

' 	 bythe heIght of the building or installation without such openings.,:.,, 

2. Tall installations without openings for the admission of light (ohlmoeys, towers, 
platforms, columns, etc.) may be sited at a distance hot loss than their width from 
the walls of buildings with such openings. Where the wall of the building lAkely to 

-.	 be overshadowed by a tall Installation has no openings for the admission of light, the 
-' distance between the building and the installation shall be exempt from the provisions 
of the present Norms and Standards. 

3. For buildings with longitudinal clerestories less *han 3 m from the front wall of 
..,"'the building, the height of the building shall be taken as the height to the top of
 
-	 'the clerestory eaves.
 

'"A4. The gaps referred to In paragraph 2.16 of the present Norms and Standards Lmy be 
reduced in cases where, with reference to overshadowing of the windows of the buildings 
opposite, calculation shows that each of the buildings opposite will receive the amount 
of natural lighting specified by the Norms and Standards. 

2.17 Where technological considerations make it necessary to store dust-generating materials
 
In the open or in open sheds, then the distance between such stores and the nearest openable
 
lights shall be not less than 50 m for Industrial and auxiliary buildings and premises and not
 
less than 25 m for other buildings and premises.
 

2.18' On sites set aside for the building or rebuilding of enterprises, an area for.games or 
athletics shall be set aside for the use of the workers of the undertaking. 

As a rule, the land allocated for this purpose shall be that with the lowest level of
 
air pollution, least exposure to other harmful factors and at a distance from major transport
 
routes."; 	 1 A 
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6. RiQUIRMENTS FOR WATER SUPPLIES AND SBWIRAG 

6.1 Water supplies and sewerage for buildings and installations belonging'to undertakings
shall be planned In accordance with the .requirements of those chapters of the Building 
Standards and Regulations relating to the planning of water suppliesand sewerage and with 
the reiuiremnts of the present Norms and Standards. 

6,2 Provision shall be made for both Internal and external systems of water supply and 
sewerage for Industrial and .auxiliary buildings, and for industrial sites, for the purpose of 
delverilng water for industrial, domestic and drinking purposes and of removing wastewater.,
 

Note: 'The provision of domestic and drinking water supplies and sewerage for industrial and 
auxilliary buildings shall not be compulsory In cases where a centralized water supply 
and sewerage system is not available to the undertaking and the number of workers per 
shift does not exceed 25. 

6.3 The choice of the source of water supply and the quality standards applicable to water
 
used for domestic and drinking purposes and showers shall be governed by the corresponding
 
All-Union State Standards (GOSTs).
 

6.4 The source selected to provide water for domestic and drinking purposes shall be sub-,il
 
mitted for approval to tle local Soviet of Workers' Deputies and the local sanitary and
 
epidemiological authorities when the building site is selected.
 

The maximum permissible concentrations of harmful substances in the water of reservoirs
 
supplying water for sanitary and domestic purposes shall not exceed the values laid down In
 
Section 12 of the present Norms and Standards.
 

6.5 The connexion of a system supplying water for domestic and drinking purposes to a system
 
supplying non-potable water shall be prohibited.
 

Note: Exceptionally, in Individual cases, and subject to approval in accordance with
 
established procedure, provision may be made for using a supply of water provided for
 
domestic and drinking purposes as a source of water for a system supplying non-potable
 
water. The connexion between the systems shall be made in such a way that an air gap

is left between them. 

6.6 Where domestic and drinking water supply systems are fed from urban water mains, they
shall have no direct connexion with other domestic and drinking water supply systems fed from 
local sources of water. 

6.7 Ground water and Infrabed water that satisfy the sanitary and hygienic requirements for
 
domestic and drinking water shall be primarily used to supply water for domestic and drinking
 
purposes.
 

6.8 Plans for the supply of water for domestic ana drinking purposes shall make provision
 
for health protection zones around the water sources and water supply installations in
 
accordance with the existing provisions and requirements laid down In those chapters of
 
Building Standards and Regulations relating to the planning of water supplies.
 

3.9 The norms governing the amount of water to be delivered for domestic and drinking
)urposes in industrial and auxiliary buildings belonging to undertakings, and the water 
3onsumption variation factors, shall comply with those chapters of the Building Standards and 
tagulations relating to the planning of Internal water supply systems for buildings* 
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Notes: 1. The water consumption norm shall be reduced to 15 litres per worker per shift for 
t.any undertakingwithout; a sewerage system., 

Liw £The.quality of the water to be used for showers, wash-hand basins and foot baths 
of all kinds and that to be used for ventilation intake systems, spray, air-coollng 

systems and dust-settling system shall comply with the requirements of the State 

Standards relating to drinking water.
 

3v.,Where the supply of water of drinking quality is insufficient, lavatory and urinal
 
cisterns may be supplied from the industrial water supply system; and geothermal water, 

'!,where available, may be used to supply hot water for showers and wash basins. The 

, sultability of the water in question shall be assessed by the sanitary and epidemio

; logical authorities. 

6.10 Provision shall be made for the discharge and treatment of waste water in accordance
 
with the existing regulatory texts establishing the conditions of such discharge and the
 
degree of purity of the waste water.
 

6.11 The discharge of sewage and industrial waste water into absorbing wells shall be
 

prohibited.
 

Waite water from closed cycle water supplies shall be discharged only into the ndustrial
 
drainage systems of industrial undertakings.
 

Unpolluted industrial waste water may be discharged into storm drainage 'systems. 

Waste water from showers or wash basins shall be discharged into the sewerage system or
 
the industrial drainage system of the undertaking.
 

6.12 In the case of the removal and discharge of industrial effluents that give off gases,
 
measures shall be taken to prevent the entry of such gases into the premises.
 

3.13 The bulking of effluents, where this would cause chemical reaction leading to the
 
emission of harmful gases (such as hydrogen sulfide, hydrogen cyanide or hydrogen arsenide),
 
shall be prohibited.
 

6.14 Waste water containing harmful substances may be discharged into an urban sewerage
 
system provided that after such waste water has mixed with the main mass of waste water the
 
concentrations of harmful substances in the latter do not exceed those laid down in the Norms
 
and Standards or adversely affect the rate of biological treatment of effluent.
 

6.15 Waste water treatment plants may be installed in industrial buildings provided that
 
neither the composition of the waste water nor any mixing or treatment it may receive will
 
cause the formation or emission of harmful or malodorous fumes or gases (such as mercaptans,
 
hydrogen sulfide, hydrogen cyanide, or hydrogen arsenide) or provided that all waste water
 
treatment processes are carried out under hermetically sealed conditions.
 

6.16 The location of external water supply and sewerage systems and installations shall
 
comply with the provisions of the relevant chapters of the Building Standards and Regulations.
 

'11,widths of the health protection zones for sewerage installations shall be determined
 
in accordance with Section 8 of the present Norms and Standar'ds.,
 

6.17 'te provision of a supply of drinking water for workers shall be planned with reference
 
to the *iquirements of those chapters of the Building Standards and Regulations relating to
 
the pLeoilng of auxiliary buildings and premises belonging to industrial undertakings.
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' ' 8. SANITARY CLASSIFICATION AND SIZE OF HEALTH PROTECTION ZONES FOR 
,I. 	 I PriITRIAL, UNDERTAKINGS AND PRODUCTION UNITS, HEAT-AND-POWER STATIONS,_
 

AND STORAGE FACILITIES AND INSTALLATIONS
 

8.1 Undertakings, buildings and installations using Industrial processes liable to emit.
 
harmful industrial factors into the environment shall be provided with a health protection
 
zone in accordance with Section 2 of the present Norms and Standards'and in accordance with
 
their sanitary classification.
 

Note: When new technological processes are introduced the width of the corresponding health
 
protection zone must be determined in each partioular case and approved by the Central
 
Board 	of Sanitation and Epidemiology of the Ministry of Health of the USSR and by the
 
Gosstroj of the USSR.
 

INDUSTRIAL UNDERTAKINGS
 

8.2 Industrial undertakings shall, iq accordance with their capaoty andtype of production,
 

have the following health protection zones.
 

The chemical Industry
 

Class 	I: Health protection zone 1000 m wide
 

1. 	 Production of nitrogen compounds (ammonia, nitric acid, and fertilizers).
 

2. 	 Production of intermediate products of the aniline dye industry in the benzene and ether
 
series (aniline derivatives, nitrobenzene, alkyl amines, phenol, etc.) where total outpui
 
is over 1000 tons per year.
 

3. 	 Production of intermediate products in the naphthalene and anthracene series (l-naphtha

lenol, anthraquinone, phthalic anhydride, etc.) in amounts exceeding 2000 tons per year.
 

4. 	 Production of iron (III) bromide.
 

5. 	 Production of paper pulp and hemi-cellulose by th3 sulfite, bisulfite, and monosulfite
 
processes involving the combustion of sulfur or sulfur-containing materials; also
 
production of paper pulp by the sulfate process.
 

6. 	 Production of illuminating gas, water gas, or producer gas in amounts exceeding 30 000 m'
 

per hour.
 

7. 	 Plants for the underground gasification of coal.
 

8. 	 Production of caustic soda and chlorine by electrolysis.
 

9. 	 Production of rare metals by the chlorination process (titanomagnetite, etc.). ,
 

10. 	 Production of artificial viscose fibre and cellophane.
 

11. 	 Production of concentrated mineral fertilizers.
 

12. 	 Production of organic solvents and oils (benzene, toluene, xylene, naphthalenoI phenol,
 
creosol, anthracene, phenanthrene, acridine, carbazole).
 

13. 	 Production of arsenic and its inorganic compounds.
 

14. 	 Production of petroleum gas in amounts exceeding 5000 m per hour.
 
1
 

15. 	 Oil refineries.


Where oil with a sulfur content (by weight) of less than 0.*% is being refined, the 

health-protection zone is 800 a wide, 
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16. 	 Production ,of pipric, aci 

'o t l u '4ori1e,	 ' and other fluorides
17. 	 Production;'df hydrofluorl'o "acidsai 'o alcum iluoridej 'hy-1 

18. 	 Coal processing plants.
 

Plants'for the chemical processing'of peat.
19. 


20. Plants processing fuel 	,shales., 

21. 	 Production of mercury.
 

22. 	.-Production of carbon black. 

acid; fuming sulfuric acid adsulfur dioxide,23. '"'Production of sulfuric 

24. 	 Production of carbon disulfide.
 

25. 	 Production of hydrochloric acid.
 

26. 	 Production of superphosphate.
 

Production of phosphorus (yellow or red) and organophosphorus compounds' (parathion,
27s 

malathion, etc.).
 

Production of chlorinated and hydrochlorinated hydrocarbons.
28. 

29. 	 Production of calcium carbide, acetylene from calcium carbide, and acetylene 
derivates.
 

30. Production of dimethyl 	terephthalate.
 

31. 	 Production of caprolactam.
 

32. 	 ,Production of cellulose nitrate fibre.
 

Synthesis of ethanol by the sulfuric acid process or by direct hydration, In 
plants with
 

33. 

departments for concentrating sulfuric acid or carrying out desulfurization.
 

34. 	 Production of artificial rubber.
 

35. 	 Production of blowing agents for the rubber industry.
 

Production of &mines (methylamine, dimethylamine, diethylamine, triethylamine, 
etc.).


36. 


Production of cyanides (calcium, sodium, copper, etc.), dicyanamide, calcium 
cyanamide).


37. 


Production of aminoheptanoic aminoundeoanoic, aminononanoic, thlopentanoc, and
 

Isophthalic acids.
 
38. 


39. 	 Production of sodium nitrite, hydrazine sulfate, hydrazine hydrate, amonium sulfate,
 

thionyl chloride, and smmonium carbonate.
 

40. 	 Production of acetylene from hydrocarbon gas
 

41. Production of dimethyl 	formamide.
 

42. Production of ethyl fluid.
 

43, Production of catalysts.
 

44. Production of products and intermediate products used In 	 the synthesis of polymers. 

45. 	 Production of organosulfur dyes (sulfur black, etc.).
 

Production of hydrocyanic acid and its derivatives (acrylates, dilsocyanates, etc.).
46. 


47. 	 Production of beryllium. 

48. 	 Production of synthetic pharmaceuticals.
 

Synthesis of fatty acids and production of higher fatty alcohols by direct 
oxidation.,


49. 


Mercaptan production and central plants for odorising gas with weroaptans inoluding
50. 

facilities for odorant storage.
 

51. 	 Potassium works.
 

4
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Class II: Health protection zone 500 a wide
 

1. 	 Production of urea and thiourea.
 

2. 	 Natural-gas processing plants.
 

3,.i 	 Production of niobium, 

4. 	 Production of tantalum.
 

5. 	 Production of producer gas. fromacoal'and peat at a rate of 25 000-50 000 m3 per hour, 

6. Production and processing of natural tars and their residues (pitch, etc.). 

7, Production of soda ash by the Solvay process in amounts exceeding 400 000 tons per year, 

8. 	 Synthesis of ethanol by the sulfuric acid process -or by the direct hydration process in. 
plants lacking a department for concentrating sulfuric acid or, in the case of the 
second process, a desulfurization installation, 

9. 	 Production of ambonium, potassium, sodium, and calcium nitrates.
 

10. 	 Production of organic chemical reagents.
 

11. 	 Production of plastics from cellulose esters
 

12. 	 Production of corundum.
 

13. 	 Production of barium chloride with the use of hydrogen sulfide.
 

14. 	 Industrial hydrogenation of fats (non-electrical process using hydrogen).
 

15. 	 Production of synthetic fibres (eg., acetate, polycaprolactam, polyesters, polyvinyl
 
chloride, and polyamides).
 

16. 	 Production of ultramarine. 

17. 	 Production of chromium trioxide and nhroates.
 

18. 	 Production of artificial leather with the use of volatile organic solvents. 

19. 	 Production of esters. . 

20. 	 Production of the products of organic synthesis (ethanol, ethyl ether, etc,) and
 
petroleum gases at a rate of over 5000 m3 per hour.
 

21. 	 Production of intermediate products of the aniline dye industry in the benzene and ether
 
series (aniline derivatives, nitrobenzent, alkyl amines, phenol, etc.) where total
 
output is under 1000 tons per year.
 

22. 	 Production of intermediate products in the naphthalene and anthracene series (1-naphtha
lenol, anthraquinone, phthalic anhydride, etc,) for a total output of up to 2000 tons
 
per year,
 

23, 	 Production of vat dyes from all types of azotols and azoamines,
 

24. 	 Experimental plants in the aniline dye industry with a total capacity of 2000 tons per
 
year and an output of under 1000 tons per year.
 

25, Plants for the production of asbestos goods.
 

26. 	 Production of acetic acid.
 

27. 	 Production of polyethylene and polypropylene from petroleum by-product gas.
 

28. 	 Production of food and fodder yeasts and furfural by hydrolysis of wood pulp and
 
agricultural wstes.
 

29. 	 Production from petroleum by-product gases of ethylene and propylone copolymers and, 
higher polyolefin polymers. 
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30. 	 Production of tar, liquid and volatile distillates of wood nuln. methanol. acetic acid. 

turpentine, acetone, and creosote. 

31. Production of nicotine.
 

32, Production of phenolic, polyester, epoxy, and other synthetio resinsiinamountsiexoeeding
 
300 tons per year. 

33, Production of synthetic camphor by the isousrizatin process, 

34. 	 Production of melamine and cyanurlo acid. 

35. 	 Production of polycarbonates.
 

Class; 	III;: Health protection zone 300 wide
 

1. 	 Production of bitumen and other products from the distillation residues of coal-tar,
 
crude oil, pine tar (asphalt, polyasphalt, etc.).
 

2. 	 Production of soda ash by the Solvay process in amounts under 400 000 tons per year.
 

3. 	 Production of caustic soda by the Llwig and soda-lime processes.
 

4. 	 Production of mineral salts, with the exception of the salts of arsenic, phosphorus,
 
chromium, lead, and mercury.
 

3
5. 	 Production of petroleum gas at a rate of 1000-5000 m per hour and of producer gas at a
 
rate of 5000-25 000 m3 per hour.
 

6. 	 Production of plastics.
 

7. 	 Production of phenolic moulding materials and of moulded or rolled boods from paper and
 
textiles impregnated with phenolic resins, in amounts exceeding 100 tons per year, 

8. 	 Production of artificial mineral dyes.
 

9. 	 Rubber-reclaiming plants.
 

10. 	 Production of tyres, industrial rubber goods, ebonite and bonded footwear and the
 
rubber stock used in their manufacture.
 

11. 	 Chemical processing of rare metal ores for the extraction of salts of antimony.,bismuth,
 

lithium, etc.
 

12. 	 Production of fertilizer mixtures.
 

13. 	 Production of carbon goods for the electrical industry,
 

14. 	 Vulcanization of rubber goods using carbon disulfides
 

15. 	 Production of acetaldehyde by the vapour-phase process without the use of mtallic
 

mercury. 

16. Production and bulk storage of ammonia water. 

17, Production of polystyrene and copolymers of styrene. 

18, Production of organosilicon varnishes, liquids, and resins. 

19. 	 Plant for distributing gas to the maine network, including installations for odorising 
the gas with meroaptans. 

20. 	 Production of sebacio acid.
 

21. 	 Production of vinyl acetate, polyvinyl acetate, polyvinyl alcohol, polyvlnyl emlsions,
 
and aoetals.
 

22. 	 Production of polyfluorethylene resins*
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23a uProductIon Of plastiizers, ,
 

24. 	 Productionof 'food and fodder yeasts by the hydrolysis of wood pulp'and agricultural
 
wastes (sunflower husks, maize stalks, straw, etc,).
 

25. 	 Production of Iso-octyl alcohol, butyric anhydride, butyric acid, foam plastic, vinyl
toluene, polyvinyltoluene, polyurethane for casting, polyformaldehyde, reclaimed organi(
 
'acids (acetic, butyric, etc.), formaldehyde, urotropin, penta-erythrltol, mthylpyrrol.
 
done, polyvinylp rrolidone, and of derivatives of petroleum gas, where production Is
 
less than 5000 mg per hour.
 

26. 	 Production of lacquer, spirit varnishes, printer's varnish, varnishes for the rubber
 

industry, insulating varnishes, etc.
 

27. 	 Production of drying oils.
 

28. 	 Production of phenolic, polyester, polyamide, epoxyi and other synthetic resins In
 
amounts of up to 300 tons per year.
 

29. 	 Production of metal carbonyls.
 

30. 	 Production of methionine.
 

31. 	 Production of antibiotics by biological methods.
 

Class 	IV: Health protection zone 100 m wide 

1. 	 Production of paper from prepared cellulose and rags.
 

2. 	 Production of casein plastic and other protein plastics (amino plastics, etc.). 

3. 	 Production of glycerol.
 

4. 	 Production of enamels from condensation resins.
 

5. 	 Soap production.
 

6. 	 Processing of animal organs.
 

3
7. 	 Production of producer gas from coal and peat in amounts of up to 5000 m per hour.
 

8. 	 Chemical processing of rare metal ores to extract the salts of molybdenum, tungsten and 
cobalt. 

9. 	 Production of phenolic moulding materials and of moulded or rolled goods from paper or
 
textiles impregnated with phenolic resins, where production does not exceed 100 tons
 
per year,
 

10. 	 Industrial hydrogenation of fats (using hydrogen produced electrolytically). 

11. 	 Salt making (evaporation and rolling).
 

12. 	 Production of potassium salts for phamaceutical purposes.
 

13. 	 Production of rubberized footwear without the use of organic solvents and of rubber
 
stock without the use of carbon black.
 

14. 	 Production of liquid fertilizers.
 

15. 	 Production of vanillin and saccharin.
 

3
16. 	 Production of petroleum gas at a rate of up to I000 m per hour.
 

17. 	 Production of moulding materials (phenol-formaldehyde, urea-formaldehyde, melamine-o

formaldehyde, organosilicon, etc.).
 

18. 	 Production of artificial leather from polyvinyl and other resins without'the us of

organic solvents. 
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19. 	 Production of polyvinyl plasticizers, vinyl plastics, plstio'ueparators for polyurkthane
 

foam,,:serated plastics, glass-libre-relntorcodplastioo.and expanded polystyrone.
 

20. 	 Production of alkaloids and galenical.. 

21. 	 Production of natural mineral dyes (chalk,'ochrePrussian red' etc).'
 

22. 	 Production of perfumes,
 

23. 	 Production of tanning extracts.
 

24. 	 Production of goods from synthetic resins, polymers, and plastics by various methods
 
'
(moulding, extrusion, injection moulding, vacuum-forming, etc.).
 

25. 	 Production of synthetic detergent powders.
 

Class 	V: Health protection zone 50 m wide
 

1. 	 Production of inorganic reagents in plants without a chlorine shop.
 

2. 	 Vulcanization of rubber without the use of carbon disulfide.
 

3. 	 Production of carbon dioxide and "dry ice".
 

4. 	 Production of artificial pearls.
 

5. 	 Production of goods from plastics and synthetic resins (mechanical operations only).
 

6. 	 Production of photochemicals (photographic plates, cmne-film, and photographic paper).
 

7. 	 Production of fertilizers using carbon dioxide.
 

8. 	 Depots for cleaning, washing, and steaming-out tanks used for the transport of crude oil
 
and petroleum products.
 

9. 	 Production of various types of paper and cardboard from imported semi-processed
 
materials; production of wood pulp and hemi-cellulose with the use of soda or monosulfite
 
in plants where prepared monosulfite Is used, spent 1yes and other compounds are not
 
burnt, and liquid sulfur dioxide is not used.
 

10. 	 Production of printing inks.
 

11. 	 Compounding of pharmaceutical preparations.
 

12. 	 Production of condensed and liquified products from the separation of air.
 

The metallurgical, machJne-tool, and metal-working industries
 

Class 	I: Health protection zone 1000 m wide
 

1. 	 Plant for secondary processing of non-ferrous metals (copper, lead* zi) at a rate of
 
over 3000 tons per year.
 

2. 	 Coking.
 

3. 	 Iron-smelting where the total volume of the blast furnaces -;3
Is over 1500 a 

4. 	 Plants carrying out all processes of Iron and steel production, with an output of over
 
a million tons of iron and steel per year.
 

5. 	 Steel-smelting by the open hearth and converter techniques In works equipped to process
 
wastes (milling of Thomas slag, etc.), where output of the basic product exceeds one
 
million tons per year.
 

6. 	 Smelting of non-ferrous metals (including lead, tin, copper, and nickel) direct from
 
ores and concentrates.
 

7. 	 Production of aluminium by electrolysis of fused aluminium salts (alumina).
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R. 	 Smelting of special types of pig iron; production of ferroalloys. 

9. 	 iteigo' ~ru annsfrdhvdnm-fbirousa'mtal rs 4inipyitis)c~iint~s.. 

10. Production of alumina.
 

11. Production of cast-iron sections in amounts exceeding 100 000 tons per year. 

Class Il: Health protection zone 500 m wide 

1. 	 Magnesium production by any technique except the chloride process.
 

2. 	 Production of non-ferrous metals in amounts exceeding 2000 tons per year. 

3. 	 Plants for secondary processing of non-ferrous metals (copper, lead, zinc, etc.) in
 
amounts from 2000 to 3000 tons per year. 

4. Iron-smelting, where the total volume of the blast furnaces Is between 300 and 1500 M3; 

5. Plants carrying out all procosses of Iron and steel production, with an output of up to 
one million tons per year of iron and steel.
 

6. 	 Steel-smelting by the open hearth, converter, and electrosmelting techniques in works 
equipped to process wastes (milling of Thomas mlags etc.), where output of the basic
 
product is less than one million tons per year.
 

7. 	 Production of lead accumulators.
 

8. 	 Milling of Thomas slag.
 

9. 	 Production of antimony by pyx aetallurgical methods.
 

10. Production of cast-iron sections In amounts from 20 000 to 100 000 tons per year. 

11. Production of sinc, copper, nickel, and cobalt by electrolysis of their aqueous solutions.
 

Class Ill: Health protection zone 300 m wide 

I. 	 Concentration of metals without hot processing.
 

2. 	 Production of lead-covered or rubber-insulated cable.
 

3. 	 Production of cast-iron sections in amounts from 10 000 to 20 000 tons per year.
 

4. 	 Plants for secondary processing of non-ferrous metals (copper, lead, zinc, etc.) in
 
amounts up to 1000 tons per year.
 

5. 	 Production of non-ferrous metals In amounts from 100 to 2000 tons per year.
 

6. 	 Production of mercury and apparatus containing mercury (mercury rectifiers, thermometers$
 
valves, etc.).
 

3
7. 	 Iron-smelting, where the total volume of the blast furnace= is less than 500 m 

8. 	 Casting of non-ferrous metal sections under pressure with an output of 10 000 tons of 
castings per year (9500 tons of aluminium pressure castings and 500 tons of sinc castihgs). 

9. 	 Production of metal electrodes with the use of manganese. 

Class IV: Health protection zone 100 m wide
 

1. 	Manufacture of electrical engineering machines and apparatus (dynamos, condensers,
 
transformers, projectors, etc.), where foundries and similar inatallatians are suall.
 

2. 	 Production of bare cable. 

3. 	 Manufacture of boilers.
 

4# 	 Production of metallic electrodes,. 

ZVI"".1 
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5. 	 Metal-working factories ,for cast-iron, steel (in amountsaupto lO0~tona per year),.and
 

non-ferrous (in 'amounts up to 100 tons per year) castings.
 

6. 	 Production of antimony by electrolysi
 

7. 	 Type foundries where lead my be emitted into the air.
 

Class V: Health protection zone 50 m wide
 

1. 	 Metal-working industries using heat treatment, but with no foundriem
 

2. 	 Production of alkali acoumulators.
 

3. 	 Type foundries.
 

4. 	 Production of instruments for the electrical engineering industry (lamps, headlights,
 

etc.) in factories without foundries aind not using mercury.
 

5. 	 Production of hard alloys and refracti)ry metals in plants containing no departments for
 

chemical ore processing.
 

6. 	 Printing works.
 

Mining of ore minerals and non-metallic minerals'
 

Class I: Health protection zone 1000 m wide
 

1. 	 Plant for the extraction of crude oil, where 0.5-1 ton of hydrogen vulfide Is dlscarged
 

per day and the oil has a high proportion of volatile hydrocarbons.
 

2. 	 Mining of lead ores, mercury, arsenic, and manganese.
 

3. 	 Plants for the extraction of natural gas.
 

C a.ss II: Health protection zone 500 m wide
 

1. 	 Plants for the extraction of phosphorite, apatite, or pyrites without chemical processing,
 

2. 	 Plants for the extraction of fuel shales.
 

3. 	 Mining of hard coal, brown coal, and other coals.
 

4. 	 Open-cast mining of iron and complex metallic ores (with the exception of lead ores,
 

mercury, arsenic, and manganese), and the quarrying of rock of grades VIII-XI.
 

Class III: Health protection zone 300 m wide
 

1. 	 Plants for the extraction of crude oil, where the amount of hydrogen sulfide discharged
 

is less than 0.5 tons per day and the volatile hydrocarbon content of the oilis low.
 

2. 	 Quarrying of rock of grades VI-VIl: dolomites, agnesites, asbestos, tars and asphalts.
 

3. 	 Open-cast mining of metalloid compounds.
 

4. 	 Production of briquettes from powdered peat and coal.
 

5. 	 Hydraulic mines and wet-dressing plant.
 

Class IV: Health protection zone 100 m wide
 

1. 	 Mining of rock salt.
 

2. 	 Peat-cutting. ,< ..
 

3. 	 Mining of metal and metalloid ores in pits, except for-lead ores, mercury, arsenlo,'and
 

manganese.
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The building Industry
 

Class 1: Health protection zone 10000 wide
 

1. 	 Production of Portland, Portlan-w log, and other cements, In amounts exceing 150 000
 
tons per year.
 

2. 	 Kilning of magnesite, dolomite, and fire-clay ih shaft or!rotaryrkilns,
 

Class 1I: Health protection zone 500 m wide
 

1. 	 Production of gypsum (alabaster).
 

2. 	 Production of asbestos.
 

3. 	 Production of lime in factories with shft or rotarykiln..
 

4. 	 Production of Portland, Portland-slag, and other cements in amounts up to 150 000 tons,
 
per year.
 

5. 	 Production of asphalt concrete in mobile plants.
 

Class III: Health protection zone 300 m wide
 

1. 	 Production of artificial fillers (clay and other fillers),
 

2. 	 Production of glass wool and slag wool.
 

3. 	Production of local cements (calcined-clay cement, Roman cement, slag-gypsum cemni
 
etc.) in amounts up to 5000 tons per year.
 

4. 	 Production of tar paper and rubberoid roof-sheeting material.
 

5. 	 Production of asphalt concrete in permanent plants.
 

Class IV: Health protection zone 100 m wide
 

1. 	 Production of artificial stone and concrete articles.
 

2. 	 Hoilsts for lifting cement and other dust-producing building materials.
 

3. 	 Production of building materials from heat-and-power station wastes.
 

4. 	 Production of articles from asbestos cement.
 

5. 	 Production of polymerized building materials.
 

6. 	 Production of porcelain ware and earthenware,
 

7. 	 Production of red brick and silica brick.
 

8. Production of ceramic and refractory ware.
 

9., Production of stoneware.
 

10. Glass manufacture.
 

Class V: Health protection zone 50 m wide
 

Is 	 Quarrying of rock without blasting and plants for working natural stone.
 

2. 	 Production of plaster goods, 

3. 	 Production of reedboard, strawboard, eOtc
 

4. 	 Pottery production.
 

.*-,
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Class 1; Health protection zone 1000 m wide 

1. Chemical processing 6 oos and the productfon ofcoarc1. 4 

Class II: Health protection zone,1500 a wide,, , .... 

1. Production of charcoal by the retort process.
 

Class III: Health protection zone 300 m wide
 

1. 	 Plants for impregnating wood in order to preserve 1
 

2. 	 Production of articles from wood fibre using artifioial resins as binders (chipboard,'
fibreboard). c 

Class IV: Health protection zone 100 m wide 

1. 	 Production of wood fibre.
 

2. 	 Saw mills and factories producing plywood and wood parts for buildings of standard design.
 

3. 	 Shipyards for the construction of wooden craft.- .
 

4. 	 Production of wallpaper.
 

5. 	 Production of vitamin-enriched pine-needle' flour, chlorophyll-carotene )nteu ahd *pine 
extracts.
 

Class V: Health protection zone 50 m wide
 

1. 	 Wood-working, manufacture of furniture, parquet, and boxes.
 

2. 	 Plants for the protective treatment of wood by impregnation with aqueous solutions (other
 
than arsenic salts).
 

3. 	 Production of articles from wood:fibre (chipboard, fibroboard,,coment-fibrolite board,
 

etc.).
 

4. 	 Production of barrels using prepared staves.
 

5. 	 Production of bast matting.
 

8. 	 Boatyards for the construction of launches and small craft,
 

The textile industry and light industry
 

Claus 1: Health protection zone 1000 m wide
 

I. 	 Plants for the primary processing of cotton which have departments for treating seed with
 
organomercury compounds.
 

Class II: Health protection zone 500 a wide 

1. 	 Plants for the chemical treatmeh' and processing of textiles with carbon disulfide.
 

2. 	 Production of artificial leather, sheeting, oilcloth, and plastic for shoe soles where
 
volatile organic solvents are used at the rate of up,,tq 2tor



Class III: Health protection zone 300 . wide
 

1. 	 Plants for continuous impregnation of textiles and paper with oil-varnish, oil asphaltum, 

bakelites, and other varnishes, where the rate of production o improsnated material, 
exceeds 300 tons per year.
 

2. 	 Plants for the primary processing of vegetable fibres (flax, hemp, cotton, eotcv). m
 

3. 	 Plants for the treatment and processing of textiles without the use of carbon dilsulfide 
. (leatherette, leather substitute, etc.). 


.
4. 	 Bleaching, dyeing, and finishing plants. 


5. 	 Production of polyvinylchloride sheeting, reinforced on one side, blended polymer shootin. 
rubber for shoe soles, and reclaimed rubber, where solvents are used at the rate of one 
ton per day.
 

Class IV: Health protection zone 100 m wide 

1. 	 Plants for the continuous impregnation of textiles and paper with oil-varnish, oil-asphal
 
tum, 	 bakelite, and -other varnishes,'where' the rate of production of impregnated material 

is less than 300 tons per year.
 

2. 	 Manufacture of cottonits.
 

3. 	 Silk filatures.
 

4. 	 Manufacture of mixture fabrics.
 

5. 	Manufacture of hemp cordage, rope, and twine.
 

6. 	Manufacture of yarn andtextiles from wool, cotton, and linenin; mills with dyeing and
 
bleaching departments.
 

7. 	 Production of fancy leather board with polymer finishes, where organic solvents'are used 

at a rate of up to 0.5 tons per day, and rubber for shoe soles without *he use. of volatil 

organic solvents. 

Class V: Health protection cone 50 m wide
 

1. 	 Manufacture of cotton, linen, and woollen yarns and textiles in mills without dyeing and 
bleaching departments. 

2. 	 Manufacture of knitwear and lace. 

3. 	 Silk weaving. . 

4. 	 Clothing factories.
 

5. 	 Manufacture of carpets and artificial astrakhan.
 

6. 	 Production of insole board from leather and leather-eellulosefiibre.wilthout the use of
 

solvents.
 

7. 	 Footwear manufacture,
 

Processing of animal producti
 

Class l. Health protection zone 1000 m wide
 

1. 	 Factories manufacturing glue from hide resants, ,bone reusepanubosner afL uuw~uu
 

and residues.
 

2. 	 Production of industrial gelatin from bone refuse, soraplngs, hide remants, and oth3r
 
or"iie
animal wastes and residues in plants where such mtoril'i i'storod under oover 

open 	air. 

3. 	 Salvaging plants for processing animal or fish wastoU and residues into fats, animal
 

fed. fertilizers, etc.
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Claus II: Health protection tono 500 a wide 

2, 	 Fat rendering plants producing industrial fats and greases in amounts ,exeeding30 tons 

per year* ... 

Class III: Health protection zone 300 m wide
 

1. 	 Plants for preparing belts for dyeing (sheepskin, tinned sheepskln3 furs) and the
 
,,pr,.quotion of suede, morocco leather, .,kid#,eto.# with facilities for processing wastes.
 

2. 	 Plins for procossing raw cattle hides; iraw-hide dressing and tanning'with facilities
 
for processing wastes.
 

3. 	 Production of industrial fats and greases in amounts up to 30 tons per year,.
 

4. 	 Wool-washing plants.
 

S. -,Storehousesfor wet-salted and unprocessed.hides (storaglcapacity-for over 200 hides),
 

Class IV: Health protection zone 100 m wide
 

1. Production of skeletons and visual teaching aids from animal carcasses. r
 

3o Feed concentrate plants using animal and food wastes,
 

3. 	 Felt manufacture. .
 

4. 	 Production of high grade gelatin from fresh bones kept for as short a,time.as possible..
 
under refrigeration in special stores. 
 .,%. 	 . , , 

5. 	 Plants for processing hair, bristle, down, feethersi, horns# and.hooves., . ,
 

6. ProdUction of gut and catgut.
 

Class V: Health protection zone 50 m wide
 

1. Manufacture of patent leather.
 

2, Manufacture of leather goods,
 

3o Manufacture of brushes from bristle and hair,
 
4. 	 Depots for the temporary storage of wet-salted hides (up to 200), where no processing is 

carried out. 

Be Felting shopS, 

Food processing and tLhe Production of flavourings 

Class 11: Health protection zone 500 m wide
 

le Stockyards to hold over 1000 head of livestock after shipment.
 

2. 	 Abattoirs for cattle and sheep, meat-packing plants, and meat-packing houses, with stock
yards for holding animals before slaughter that at maximum capacity, represent three 
days' supply of meat. 

3, Plants for melting down blubber from marine animals., 

4o Plants for washing Intestines, 

5, Disinfection and cleansing stations for washingdow truoks ini,bioh livestock have been 
ahipped, 

4-266
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Class All: Health protection zone 300.4 wide 

1. Beet-sugar refineries, 

2. Pactories producing feed anitjtdi,"ot ' I 

3. Fisheries. 

4. Stockyards holding up to.1000 head of livestock asterukhipent.
 

5, Plants for the production of enzymes by the su.face cult.etecku.que.
 

6. Slaughterhouses for small animals and poultry, 

Class IV: Health protection zone 100 a wide 

1, Flour mills, hulling mills, grain shellers#,and feed concentrate mills, 
2. Grain elevators. 

3. Coffee-roasting plants, 

4. Cheese-making factories. 

5. Production of oleomargarine and-mrgarine. 

6. Meat-curing plants. 

7. Production of alcohol for the food industry. 
8. 
 Fish canneries and fish filleting plants with departments for processing wastes; 
 fish

packing plants.
 

9. Plants for the production of enzymes by submerged fermentation. 
10. Beet-sugar refineries without facilities for storing beet pulp. 

11. Cornflour and corn syrup factories.
 

12. Production of albumin.
 

13. Vegetable processing (drying, salting, or pickling) plants.,
 

14. Production of dextrin, glucose, and molasses. 
15. Starch production.
 

Class V: Health protection zone 50 m wide
 

1, Confectionery factories.
 

2. Production of table vinegar.
 

3. Tobacco-curing plants and cigarette factories. 

4. Tea-blending plants. 

5. Distilleries. 

6. Oil mills (vegetable oils).
 

7, Canneries.
 

8. Vegetable storehouses.
 

D. Sugar refineries.
 

10. Brandy distilleries.
 

11. Breweries (without malthouses). 

12. Pasta factories.
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13. Milk and dairy product factories.
 

14. Sausage factories with an output of over 3 tonsiperjont.
 

15i Factory-type bakeries.
 

16. Factories preparing foodstuffs. 

17. Refrigerating plants with a capacity of OVer,600tone. 

18. Plants for the initial stages of wne-making. 

19. Wine-making establishments. 

20. Production of grape Juice. 

21. Production of fruit and vegetable Juices and non-alcoholic beverages. 

22. Plants for the production of comercial malt and yeast. 

23. Fish-curing plants.
 

Heat-and-power stations and boiler installations
 

8.3 Health protection zones for heat-and-power stations and boiler installation# shall be
 
determined In accordance with the dispersion in the air of the harmful substances contained in
 
the wastes discharged, as calculated on the basis of the official publications on standards,
 

Sanitary engineering Installations and municipal undertakings 

8.4 The width of health protection zones for sanitary engineering installations and municipal

undertakings shall be established on the basis of the sanitary classification and production
 
capacity of such installations and undertakings.
 

Class I: Health protection zone 1000 m wide
 

1. Controlled unimproved tips for liquid and solid domestic wastes of organic origins
 

2. Fields where septic-tank contents are ploughed In or spreads
 

Class I: Health protection zone 500 m wide
 

I. Burial-places for cattle.
 

2. Salvaging plants for the disposal of animal carcasses and condemned seat.
 

3. Principal centres for salvage and incineration of refuse.
 

4. Improved tips for solid wastes.
 

5. Centralized composting areas for solid wastes and refuse from population'oentresj
 

Class III: Health protection zone 300 m wide
 

1. Cemeteries.
 

20. District centres for salvage and Incineration of refuse.
 

3. Principal collection contres for utilizable wastes.
 

4. Cattle burial-places with carcass destruction chambers.
 

5. Outfall works.
 

a, Oreenhouses and hothouses making use of refuse*
 

7. Composting of refuse ocontaining neither manure nor fecal matter.
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Class IV: Health protection zone 100 m wide 

1. District 'collection contres forutillxable wastes.
 

2. Depots for vehicles used for refuie collection in towns,
 

3. Places for the temporary storage of scrap material without processing* 

4. Servicing stations for heavy goods vehicles and for buses belaneina to the urban 
transport system.
 

Class V: Health protection zone 50 m wide
 

1. Servicing stations for motor vehicles (cars, except for privately owned cars, and buses 
outside the urban transport network).
 

8.5 Health protection zones for sewage treatment installations
 

Width of zone (in metres) for installa
tions with treatment capacity of
 

Types of Installations (m3/day)
 

200- 5000- 50 000
5000 50 000 280 000
 

Installations for mechanical and biological treat

ment of sewage with sludge beds for digested
 
sludge, and Installations with sludge beds alone 150 200 400 500
 

Installations for mechanical and biological treat
ment of sewage and thermomechanical processing
 

of sludge in closed premises 100 150 300 400
 

1000
Filter beds 200 300 500 


Sewage farms 150 200 400 1000
 

1200 200 - -Waste stabilization ponds 


Notes: Health protection zones for sewage treatment instalIations with a capacity
 

exceeding 280 000 m3/day and for installations not using approved sewage-treatment and
 

sludge-processing techniques shall be established by Joint decision of the Central
 

Sanitary and Epidemiological Board of the Ministry of Health of the USSR and the State
 

Committee for Construction of the USSR.
 

Filter beds with an area of up to 0.5 ha and installations for mechanical and
 

biological treatment of sewage with a capacity of up to 50 m
3/day shall have a health
 

protection zone 100 m wide.
 

Municipal sewage farms with an area of up to I ha shall have a health protection 

zone 50 m wide. 

Underground filter beds with a capacity of 15 m3/dayshall have a health protection 
zone 15 m wide. 

Where dwelling houses are located downwind of the treatment Installations, the
 
to no more than twice the width Indicated
health protection zones may be onlarged, but 


in the table. They may be reduced in the case of a favourable wind distribution.
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8.6 The width of the health protection zones for eeage pumping;stationesshall be: 

(a) 20 mfor a treatment capacity of 50'000 ./day; 

(b) 30 m for a treatment capacity exceeding 50 000 . 3 /day, 

Pumping stations with a capacity of up to 200 m3/day are permitted a health proteotion:, 
zone 15 m wide, 

The widths for health protection zones indicated in the table also apply to food 
production plants. 

HEALTH PROTECTION ZONES FOR AGRICULTIURAL UNWERTAKINGS AND AGRICULTURAL PRUISES 

- -Width of health 
Types of undertaking or premises protection zone 

(metres) 

Farms: 
stud farms and rabbit farms 
cattle farms (all types), sheep 
poultry farms 
pig farms 

farms, and fur farms 

'500 

100 
300 
300 

Poultry factories 1000 

Veterinary surgeries 200 

Hothouses and greenhouses: 
heated biologically (using manure) 
heated biologically (using refuse) 

100 
300 

using electrical, steam, or water heating systems no standard
 

Premises for preparing feed: 
without the use of food wastes no standard 
with the use of food wastes 100 

Undertakings and premises for the initial treatment and processing of 
milk, fruit, or vegetables no standard 

Garages and yards for the repair, servicing, and parking of cars and 
agricultural machinery, with a capacity of over 200 machine units 100 

Storehouses for fruit, vegetables, potatoes, grain, other agricultural
 
produce, and other stores 50
 

Buildings for housing animals and poultry kept for private use An 
residential areas so 

Storehouses: 
for mineral fertilizers 200 
for mineral fertilizers and up to 20 tons of pesticides 200 
for pesticides: 
up to 20 tons 200 
20-50 300 
50-100 o 400 
100-200 " 500 
3()-500 ' 700 
over 300 " 1000 
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Note: Speolallsed complexes used for raising pigs on an Industrial scale shall be assigned 

health protection zones according to their individual requirements, 

Warehouses 

8,7 Health protection zones for warehouses shall be established in accordance with the 

existing design standards for the various types of warehouses as approved or accepted by the
 

State Comittee for Construction of the USSR.
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