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The observations here recorded should anabie AID to convert its present
unoffizial strateagy <taterment into official status. The current phrasing
ot 1ts philosophy lends "+.3'¢ wel! to wuch a transition. The I anquaqe
already provides such an undersinning in "the imnroverent of the quantity
and quality of water available, with the deqree of improvenent dependent
on physicel site conditions, lonivtical constraints, the ability to
maintair The system, the tocal zovernmental and <ocial attitude reqgarding
the provision of water services, and limitations of economics in terms

of cost." Tnis statement ot stra*teqy nicely incorporates escential

tield maneuverability and tlexibility in adaptina to a variety ot
s,tuations.

In this rapidly changing wortd, standards and auidelines of toiday may
underqo sirniler acjustmenis. AlD must keep under constart scrutiny and
menitoring, as well as current critical evaluation, o' ot its prograns
to keep pace with chanqging patterns of water needs, availability, and
technoloqgica!l sclutions.
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SUMMARY AND CONCLUSIONS

The objective of this paper is to provide background discussions of
water quality aspects of water supplyv, emphasizing small domestic water
supplies serving dispersed rural popaldtions in developing countries,

fudgments about the wholesomeness and palatabilitv of drinking
water have siace antiauity been based on the clarity, the taste and odor,
and the source o! the water., he sanitarv survev and water quality con-
stituent standards as bases tor assessing quality evolved in and con-
sequently were shaped bv 4 societv experiencineg maltinle transtormations:
nrbanization, industrialization, avd centralization Yrom about 1876
through 1912, the sanitarv surver provided the primarv basis tfor evaluating
water qualitv. Laboratorv analvses provided corroborative and supple-
mentary evidence about contamination. Although firsi propoused as proressional
guidelines for interpreting laboratory analvses, standards became subsequently
the predominant basis for assessing qualitv., Standards serve varionsly
as woals, normative levels, and reygulatory limits(and consequently, also
as design specitications,

Formulating constituent standards poses a complex of administrative,
statistical, scientific, and technical problems. Clinical or epidemio-
logical evidence alone seldom indicates the appropriate level because of
inherent statistical uncertaintv in the studies and incomplete knowledge
of the behavior or action of the pathogen or toxic agent. Commonly, these
data wust be supplemented by kno ledge of the availability and cost of

treatment methods, plansible assumptions, the number and culture of the

people at risk, and local tastes.



The evolution of chemical and(later)bacterial indicators of fecal
contamination reveals the conflicting demands of increased specificity(so
that cnly fecal contamination will be detected) and of extreme sensitivity
(so that all fecal contamination will be detected). Novel indicators
do not avoid these conflicts. The meaningful interpretation of either
sanitary survey ohservations or laboratory analyses requires a well-trained
technical staff,

Where groundwater is available and not chemically contaminated or
where surface waters require clarification, compliance with existing
W.H.0. or other bacterial standards seldom entails substantial further
investments. However, where chemical contamination is present or where
logistic problems (e.g., chemical production or delivery) block compliance,
rigid adherence to regulatory standards alone may require considerable
incremental development costs. Epidemiological data, alternative sources,
and other local conditions should be taken into account on a case by
case basis.

But because of the technologically irregular relationship between
treatment and other development costs and the resulting water yuality and
because alternative designs simultaneously alter several aspects of
water quality, design decisions are not alwavs sensitive to changes in
water quality standards. Uniform application of a single set of constitu-
ent standards may produce undesireable patterns of investment. The
practical importance of such misallocations can only be assessed at a

regional or national level.
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I. INTRODUCTION

General Focus

The purpose of this paper is to provide background material on water
quality aspects of water suppiies tor an =xpert panel developing water
quazity jsuidesines for the United States Apency for International Develop-
ment acetivities reegnted to the Worla Water Suppdy ana Sanitation Decade.
More speciticalry, +his discussion paper shall principaliy consider water
quality uspecte of small domestic water supplies serving dispersed rural
popuiations in deveioping: coun.ries.

However, "alzperset” ang "rural" do not appear to have universally or
even wideay accepted definitions. By domestic water supply, we intend to
inciude househord water use Uor drinking, cooking, and washing and 1o ex-
ciude waste romovai, irrigation, and other uses. Zoefinitions of "rurai"
water suppiies reviewed by Jeundgers aund Werlord (1976), aithoupsh rather

varied, uii1 certainiy n viliages with popusations icss than about

3000 persons wWhers asricurturs, work prodeminates.  The rural areas
studied by White oz 2l. (1972) had porudation densitics rangcing rrom
‘)
about 30 to 700 perscns/im” with an aversee of about 200, The lower end
> . PO . . N « . | P N s
of this range would undoubtedty be clussed as a "dispers.-d” population.
According to 1970 cstimutes reported by Saunders and Warford (1976),
well over one biition persons in devesoping countrics are covered by this
A

definition but oniy uzbout ik percent hove "ressonabie access to a safc

water supply”. Obviously, the remaining 86 peresnt currently have access



to some source of water — frequently in meager quantity and of poor
quality — or they would soon die,

As stressed by Bradiey (White et al., 1972) in his ciassification of
health hazards assocliated with water supplies, the queiity and the quantity,

and the Location available water infiu-ence the healtn of the user popu-

lation. Water quaiity is most important Where wator=porue Jdiscases sach
as typhold tever, cholerua, paratyphol:d, hepatitis, wo: tie varieties or
gastroenteritis ace of principad concern, In contrast, water washed dis-
eases such as trachoma, conjunctivitis, and dermatitis ar 1ess censitive
to water quality improvem onts than to incre-ases in water avaiiavility.
Finally, waler supply intiucnces water-based discases {(e.c., schistoso-
miasis and cuinee worms) and water-related diseases (e.r., malaria,
onchocerciasis, and trypanosomingis) mostly “ia its location und the re-
sulting oprortunity o <xpoaure.  Tnis poaper Wil primarily address ques-
tions of wat-r qunristy Infowencen on o water=voarne ilseus.,

This emphasis does not imply that water quality is of more critical
concern than either the water quantity avaitable, the supply location,
or sanitation practices. Clearly, a supply of high quality that only
provides each person a few liters per day or that results in greater ex-
posure to malaria , schistosomiasis, or guinea worm cannot be considered
satisfactory. Nor does this emphasis imply that it is more difficult to
meet the quality requirements of a water supply than the quantity

or location requirements.



Spectfic Objectives

With the above limitations, we will examine a serics of questions in
the course of the discussion to folliow:

1. How have and do profwcsionals cstablish the whoiesomeness and

paiatabiiity of water suppiies?

2. How have srandards been developed and appiied?  What complica-

tions are invorved?

3. What other toois nave been ussd to assess water quelity?

L., Have standards ani other toc:s provided efrective moeans for re-

ducing water-torn. ilisease?

These questions wioi b widressed throwshont “he secticns beilow,
First, the nis-oricar 4oves spment in ireat britain and Lhorth Amerien of
the concern with and the means for assessing the quality of water
supplies will be reviewed. This focus mirrors both the pioneering
role of Great Britain in Sanitary Reform and the availability of
source materials in English. Second, the contemporary professional
techniques will be surveyed and evaluated. Next, the problemns of
implementing/applying these tools in rural areas of developing countries
will be outlined. Finally, the issues of water quality and availability
will be explored in the context of trade-offs implicit in program designs.

Each of these sections is predominantly the work of a single person
and addresses distinct facets of water quality rfuestions. Although we

have attempted to etiminate or avoid rep.tition, some recapitulation



has been necessary to provide clarity and continuity in the
arguments presented.

Two appendices accompany the paper: Appendix A contains the
bibliography for all sections and Appendix B summarizes past arnd present
drinking water standards. Appendix B outlines bv example the evolution
of current standards, providing supplementary reference material for

sections i1, III, and 1V.
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proputied by Shattuck (1890) nineteen yearc earlier: three physicians,
a lawyer, a civil ensineer, an nistorian, and a sucinecsman.  Althougn
advisory and cceopercztive rather than remulatory in function, the Board
was responcivle for . . . the examinat:cn and Investigation of publice
water supplies . . " (Whipple, 1217).

3y the 1270C'z, there had come to he general agreement that drinking
water contaminated by sewarse was dangerous to health, althousn the ferm
thecry of disease wac still disputea (Rovcen, 195). Precisely now the
extent of or freedecn from centamina“tion wan to he ectabliched was not
clear., In Masscachusette and Great Iritain, noards relied neavily on field

investipgutions or ranitary surveys o evaluate water supplies.  Froa 18375

to 1480 alcne, tne arsacnacetts “oard carried out sanitary surveys of
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eleven waterchneds (Wnips
Public and private ranitiary surveys had been uced from the late

and provide a basic for remedial action,
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1700z to invectlis

In addition to Ui ¢ Repourt of 1440, Chattucy (1840) had developed
e ema— ’ -

vlan for o canitary survey of Massachucetts,
Griscon nad in X040 pavlisned a canitary curvey of Lew York, and Kay,
Ingles, and Soutiwood Cmitn had incorporated sanitary surveys into broader
social analyces (Rosen, 1994). Sanitary surveys had teen the responsibility
of district nealtn inspectors for the 3ritisnh Generil Soard (Plinn, 1908),
In cordemnin: <ho London water cupply companiec in 1250, the General
Joard cited 2s evidence polluticn by sewaie, hardness, organic matter and

Qo

the lack of filtration and high pressure delivery (Jones, 1929). A
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about 0.3 B. colif100 ml were of "good" quality (Fuller, 1919).

The USTD Standard specified units of permissible impurity for
the 37°C acar plate cownt (4£100/ml) and for 3. coii (£€2/100 m1) (USPLS,
121%).  Uzing wne procecures specified in Standard lethods (1912),
analysec were to oe dene at teast every six months (assuming that an
analycic would o dune cefnre ecach certification (USFPHS (1913)). The
commigcion conoideresd thic "sirict" standard to ve attainable "without
pronivitive expens Ly simple treatnent processes or source protection
(ionfers, 171-). 1In addition, the cormission str-ssed the importance
of xnowleuse ¢f "ine source, treatment, and sltorage of the supply,”
out concluded that 1t 1o often "irrractlicable to ootain first hand
cutnoritative information regardaing the source and handling: of the
sunplies" (Clenfori, 1919). Consequently, the specified limics of
impurity were estatliicned on the asoumpticn that judements would be
vased solely on bactericlogical laboratory analyses. No physical or
chemical limits were specified.

swo 1910, 9000 of an expected 2C,000 supplies had been tabulated and
several suppliec "of unquestioned purity" had failed certification (USPHS,
19‘5). A Te=eoxarniisition of iartow's (191)) data reveals (See Figure II—])
that 75 of the samples cxceeded one or voth of the hacteriolopgical
standards

Discussing the standard within weeks of its issue, Fuller (1915)
nrophetically oucorved that the Treasury Svandard ". . o will unquestionably

stir up a nelpful agitation as tc the reliavility of bactericlogical
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of classes of “acteria resembling each other in a certain number of
‘properties," some classes deins caprophytes widely distributed in
soils (Prescott and Winslow, 1919).

Given the near universal asreement on the necescity of the
sanitary survey in judging sanitary nualitxy (Whipple, 1908 Fuller,
1915; Mason, 12165 Winglow, 1717), the omicsion of ruch a requirement
in the standard ic nctable. In part this was explained by Frost (1915).

There are two approaches to controllins water cupply on trainss

[

Firct, uy inctituting an inspectisn of all Gou“cos of water sunplj
and by ra;ntalnlng careful curervicion over
of handlings, o « « [thisc method? noczﬁsitatos tne “n-ntenance of a
large force <o xeep up scuner tr:se cources Cand their

g}

handlingl.  Lr second by applyins the same methed uced in She Dure
food laws, "that is, by requirins that the water . . . shall conform
to certain rcpecified standards of quality." The burden is put on
the carriers.

So it would appenr ‘hat given the ease with wnich the ceommission felt
the standard could bte attained, adminictrative expedien.y necame a
conpelling armiment in favor of ctrict laboratory stancards over the
sanitary curvey. 2Zut at the state level, a poor sanitary surver was by
far (97 wvo. 42, for labvo ratory analyses) the most comron basis for
condemniinsg a water cupply (Hhittaker, 1217 in Prescctt et al., 1946).

AS 2 rule for the measure of quality estavlished by an accepted
authority tie Treasury standard in large part elinminated pergonal
Judgmeni in the interpretation of aralytical resulic. iHinman (1920),
Orchard (191%), and Wolman (1912) all attempted 4o distinguish between
such regulatory standards and otrer possibilities. Hinman (1920)

susgested three categories: 1) "Ideal Standard# or Water Quality
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Other standards were also proposed during this period. The 3ritish
Ministry of Health (1934) chose not to specify either regulatory
specifications (i.e., standards) or routine methods.  Instead they
described "the technical steps commonilly used in sound practice o o "
to provide ". . . a reasonanly complete picture of the nacterial content
of the water. . . ." These steps included la aboratory analysec and
sanitary survey. For unchlorinated pipid supplies, they also outlined
some "generally accepted deductions" for use in interpreting coli-aeropines

(alias Jacillus coli and coliform) levels, emphasizins~ that a change,

regardless ol level, is always suspicious:

Interpretation Presumptive coli-aerogmenes/100 ml
highly satisfactory 1
satisfactory 1 to 2
susplcious 3 to 10
unsatisfactory 10

Whercas many of the earlier critics were concerned that application
of the Treasury Standard would unfairly fault many "safe" supplies,
water-oome disease outtreaks in ilinneapolis, ililwaukee, and ceveral
Chio citics in the 197%0's suspested that the standard was too lax. For
voth Minneavolis and !lilwaukee, ". . . routine bacterinlorical examinations
of the finished water . . . indicated satisractory sanitary quality
according to ;renerally accepted standards" (llorcom et ale, 123G),
According to Horcon (1939), the Minneapolis outbreak (?14 casos o typhoid
fever) occurrea in conjunction with high raw water colifor- levels and
low chlorine recidual in the finished water. Althourn tne jiinneapolig

Water Department found no contamination in the distrinuticzn system, the
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Figure 11-2

Typhoid Mortality Rates in Lawrence, Lowell,
and Manchester (Sedgwick and MacNutt,1910)
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Figure 171-3

Pneumonia Mortality Rates in Lawrence, Lowell,
and Manchester (Sedgwick and MacNutt,1910)
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uncontaminated drinking water will not result in health improvement
if users continue to depend on contaminated sources because the
improved supply is unpalatable, has frequent service interrptions, or
requires long waits at public taps. Nor will water quality improvements
alone produce health improvements if the principal anal-oral routes
of exposure do not involve water-borne diseases per se, but rather
fecal contamination of fingers or food.

Pride in the wvery real and substantial decline in urban deaths
attributable to water supply combined with continuing concern about
the causes of the remaining outbreaks motivated a series of "status
reports” on typhoid and other water-borne disease: Johnson(1913),
Wolman and Gorman(1931), Gorman and Wolman(1939), Eliassen and
Cummings (1948), Weibel et 11.(1964), Craun and McCabe(1973), and
Craun et al.(1976). Most notably, typhoid mertality rates decline from
10/10° persons/yr at the turn-of-the-century to 0.1/105 persons/yr
by mid-century.

“ut cemparings 10Z0-=17 02 (Uolman and Gorman, 1951) with 1961=1970
(Craun and icCabe, 17373), it ap.ears that some characteristics have not
greatly chanrfed. In btoth decades, 1) untreated cround water supplies,
especially shallow wells, accounted for O to 507 of the outhreaks;

2) water cuprlies serving less than HOOU nersons accounted for over 5073
of the recorded outoreaks; 3) outureaks in large supplies were most
commonly the result of lapsec in treatment or of distribution system
deficiencies; and 4) some outbreaks resulted from consumers using polluted
sources ratner than use protected supplies vecause of taste/odor,

excescive hardness, or mineral taste,
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Morecover, urban-rural differences in the incidence of water-borne
disease have long been observed. In 1916, Johnson (1916) estimated that
for 1910-1913 rural typhoid mortality rates were over 10f. higher than
urban rates. Leach and laxcy (1926) later observed that "rural®
supplies experienced dramatically lower typhoid morbidity rates than
systems cerving 500 to 29500 persons. Huiv i1eweatly, Taylor and
Hutcninson (197%) and Whitsell (1975) investigated water quality in
small water cupply systems and in individual supplies in ewstern ctates.
Approximatzly 30, of the small puolic supplies had monthly average coliform
levels (estinated from at leact twelve saaples) exceeding 1MP/100ml and

anout 40 of the individua) ~upplies had riembrane rilter *otal coliform

levels in excess of 4/1CC =1, aniteell (1973) sugicected that in most
cases the contaninatiosn would have oeen avoided by proper o te selection
and construction metnods. He specifically demorctrates tne correlation

of ccntamination witnh the acsence of a well cover, of & subsiontvial

cenent grout seal, of a water-tignt cusing, and of either c¢rilled, driven,

or jetted well conctruction,

CONCLUSIGNS

Judements about the wholesomeness and palatavility of drinking water
have been made inrougnout history. Records and remains of other socieites
suggest that opinions avcui quallty were vbased on sbecerved clarity, taste,
and odor and on the rind oi sourece,

Urban water suppiies were initially construcied larsely to provide

3

an adequate vclume for personal consumption and for fire prctection,






A

in 1930, and to less than 0.1 in 1977. Consequently, it is clear

that substantial improvements were made prior to the application of
regulatory standards and that the rate of improvement was not noticeably
accelerated by the adoption of standards. However, some estimates of

the effects of water quality improvements on disease rates are excessive,
Improved excreta disposal practices, nutrition, milk sanitation, insect
control, and other factors also contributed substantially to this

remarkable decline.



ITI. CONTEMPORARY PROFESSIONAL TOOLS

INTRODUCTION

[n the previous section we explored the historical development of
techniques for assessing the vholesomeness and palatability of drinking
water. In this section we will examine these further, but in a
topical rather than an evolutionary context.

At the most elementary level, we judge a water by subjective
impression: Does it taste and smell good? 1Is it clear? Supplies
that fail this inspection may furnish a liquid necessary for life

but they cannot be considered satisfactory.
dith knowledre that waters contam’.ated by human feces probably
contain nathosens, we may learn to recognize in the surroundings the

ogsible routes of contamination and thuc also to recosnize the waters

3

ct

h

~
t

arc rrovably contaminated. Supplies that fail this inspection
are either currently danserous or are likely to be so in the future.
It is tracic that such dangerous supplies continue to be used either
secause there are no nore wholesome supplies available or because the
danger is not perceived.

zZven where the surroundings offer no suggestion of contamination,
we may learn to identify special chemical, physical, and microbiological

characteristicc of contaminated waters that are detectable by laboratory
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analyses. The results provide clues about the nature and surroundings
of the source. Unexpectedly high concentrations of essentially benign
constituents may aroure suspicions of contamination, which in some cases,
may be groundless. As with all clues, some are more convincing than
others.

To simplify the interpretation of the clues previded by laboratory
analyses ecpecially where judicial or administrative action (or inactim)
will result, limits of permissible impurity or repulatory standards are
frequently specified. These standards not only direct gudicial or
administrative decisionc but they also are applied in selecting a supnly
source in preccribving necessary source improvements and Lreatment processes,
and in guiding the operation of the itreatment plant and dictrioztion svstem,

We will vegin in this chapter by comparins the strens4hr and
limitations of the sanitary survey and laboratory analwvoes in acsessing
the wholesoncness of a drinking waier. Then we shall cxplore the
rationale for several chenical standards and for coliformn
standards. We will conclude ty df russing the types of interpretation
errors possible and the inherent limitations of bacterial indicators

of fecal contamination,

LABORATORY ANALYSES ARD THE SANITARY SURVEY

The continual attempts to develop a multi-variate index of water
quality reflect the reality that nc single factor provides sufficient

measure of quality. However, a few bacterial indicators have come to
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mineralogy; 2) the discharge rate and the nature (chemical versus
bacterial) of the pollution source; and 3) the well construction
practices and the pumping rate.

The very nature of the cluer provided by the sanitary survey lead

application of ";ood practice" ctandards for the selection

to the implicit
and improvement of the raw water cource, fur ireatment plant desirm and
operaticn, and for other sgystem components. CZuch standards focus on design,
siting, and conciruction prucedurs and not constituent cuncentrations.
nforturately, we have been alle to locate only one study explicitly
comparins the effectivenens of laroratory and field techniques.,
Wnittaker (in neott ot al., 17w) sumtarizes experience using coth
methods in llinnescta.  Lavoratinry analyees were scioly responsinle for
conderning only 2 of all conderned supplies while sanitary survers
; respensinie for 477, The romainder (- 277) were condemned

on the tarcis of bothe These results sugeest that the survey imposes

the meore exactings reaquirement,

SCIMITIFIC RATICUALS 1 CHIMICAL OTANDARDS

In this gection, we snall explore the scientific arpuments supporting
existing standards or arcenic, fluoride, nitrate, chleride, and iron, The

pS ]

concerns and aporoaches vary with ecach ccenstituent, sut some generalizations

Pact prolessiconal experience, cpidemiolongical ctudies, and plausiole

assumpticnc have ail teen used in formulating standards.  Freguent

or daily intaxes at whiclh, toxic 2ffccts have weoen reported., How much

below remainc a matter of judrment, ldechalas et al. (1972), «n the
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other hand, have proposed that standards ve based on explicit effect=
concentration relationships and tnnt the siandard ve specifica to
Themas (17009) nas maintained
that the avaliiacility of treatmert tecnneclos, tihie coste associated

witr meeting candliante ctandares, tne numter of persons exposed, and

altemative 1investments to promete public nealtn snould influence
standard-cetting,
for palatarility and utilitarian or usability concerns, acceptance of

consumsrs muct Le tho central icsue, ['nis is obviously strongly
depencent cn lecal cuctom and oplinicen. Therefore, universal limits

on turcidity, crlor, chloarides, and relalea Jactory nave deudbiful valueg

resional or natlonal normative standards night be more reasonable,

Arsenic

It hac been maintained tnat the acute and chronic toxicity of
arsenic to humans necessitates limiting its concentration in drinking
water (USPHG, 19423 USIPA, 19075).

Surface watere in the United Stater centain a median arsenic
concentration of less than 10)45/1, with 2 range frorn less than 10 to
11100)16/1 (Durum et al., 1971). Ground waters concentrations up to
85 mr/1 have been olcerved (Xehoe et al., 1944a). In drinking water

arsenic levels range from trace levels in most U.S. supnlies to 3.1 mg/l

(FcCabe et al,, 1970),
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Water containing 2 - 20 mg/1 fluoride that is ingested over a long
period of time can result in bone changes (Hodge and Smith, 1954).
Crippling ckeletal fluoresis can occur when a total of 20 mg or more
of fluvoriuae is ingested daily for twenty years or more (Ronolm, 1937).
Effects of fluoride, in concentrations usually found in water suprlies,

are not very well docume

3

ted,

N

Ascuning a2 dietary intawe of 1 mg/day, the margin of safety with

s}

fluoridated water hac seen estimated to be P=R=fold for dental mottling,

-
'
)

tal fluorosis (Hodge, 1951). The Safe urinking
Water Committee (1377) considered *he low margin of safety for mottline

tc be adequate r~iven the experience with fluoridation without

L
Q
o
vy
)
o
ry
“'\

apparent ot jecticnavle moiiling in healthy individuals. Tris is further
supported by epidemiolosical studics in arcac with naturally high fluoride

ve

levels (Bagan et al., 17245 Lecne et al., 19954; AMA, 1957).

o]
o]
33
]
=]
o}
[SH
=
(o]
tn
&1
2
vy
0
c+
3
booy

{or renal patients and individuals suffering
from polydipcia are lower than that for the avera.se person. One known
case and two suspected cases ¢! skeletal fluorosis have been reported
in areas of' the southwestern United States with Tluoride levels of 2-3.9 mg/1
in the drinkin~ water. They were attrinuted to 2 combination of renal
impairment and very nish water intake \Sauerbrunn et al., 19¢5; Juncos
and Donadioc, 1972).

A WHC report (197Ca) indicates that to avoig objectionable dental
mottiingz, Tluoride should ve removed when levels in water exceed
0.£-1.0 n3/1, depending or temperature. In an earlier study, Richards

et al. (19¢7) concluded that 0,7-1.5 mg/1 would be appropriate
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naxirm levels, also depending on tenperature., kricsson and Ribelius
(1971) in Oweden reported potentially objectionable mottling with
fluoride levels of 1.7 m/). It is not clear whether thic was due to
nigh fish concumption (Safe Drinking Water Cormittee, 1977).

The interpretation of these results is complicated by the lack
of consencus regarding the depree of nottling that is objectionable
(safe Drinzins Water Committee, 1977). However, the current WHO and
USUPA limits are based solely on the danger of fluorosis (WHO,1970,

19713 CCHPA, 1975).

litrate

Many serious and occasionally fatal cases of methemoglobinemia
in infants have been attributed to the consumption of well-watoer containing
nitrate, and have prompied the adoption of nitrate limits in drinking
water (WG, 199:; USPHS, 1952; USEPA, 1975).

In a survey of community water supplies, nitrate concentrations
ranged from 0.0 to 1°7 mg/l. Of those examined, % (nineteen systems )
had nitrate levels anove the recommended USKPA limit of 45 mg/l
(20 mg/1 as 1) (Safe Lrinking Water Committee, 1977). High nitrate
concentrations are frequently observed ir shallow wells in rural areas,
Well-water in Missouri, Illinois, and Wisconsin frequently contain over
10 mg/1 of nitrate-nitrogen (Larson and Henley, 1966; Dickey et al.,

1972; Smith, 1970; Crabtree, 1970).
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In general, human intake of nitrate is primarily from food rather
than water. The mean food intake of nitrate pluc nitrite in the United
States is nearly 120 mg/day, mostly from vegetatles such as celery,
potatoes, melon, lettuce, cabhbage, spinach, and root vegetables. These
may contain up to several thousand ppm nitrate. Cured meat can also pe an
important source.

Acute toxicity of nitrate results from its reduciion, under certain
conditions, to nitrite in the stomach and saliva. The nitrite then
oxidizes hemoglobin to methemoglobin. The latter cannot transfer oxygen
to the tissues. Depending on the proportion of hemoglonin tnat iz con=-
verted to methemoglobin, aioxia and death may ensue (Winton, et al., 1971;
Safe Drinking Water Committee, 1977). Infants under throe months old

and particularly those with higher intestinal pH are especially
susceptible to methemoglobinemia (Winton et al,,1971; EPA,1975)

Apart from the direct intake of water high in nitrates, the consumption
of milk from cows or from mothers drinking such water may result in infant
methemoglobinemia (USPHS, 1vL0).

The 1962 USFHS limit was largely based on a survey (Walton, 1951)
of revorted cases of nitrate poisoning in the United Statec. Walton
found that no cases of poiscning were reported when the water contained
below 45 mg/l of nitrate. In a later study, Jattelmacher (1:62) found
that %6 of .67 cases surveyed were associated with nitrate corncentrations
below 41 mg/l. Another retrospective study (Simon, 2% al., 14%4) showed
that 4.45 of 249 cases were ascociated with water centaining less than

50 mg/l of nitrate.
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These retrocpective ciudies have been seriously criticized, nowever,
The analytical methadu used were prons to error and in many instances

N . - -~ ~.,
nitrate analys

es Were performed conciderauly atrter the carce nad occurred
(USPHS, 1reoy Safe bringin Water Committee, 1477 Winton e al., 1971).
Furtherrore, voiling water prisr te feeding may increase aitrate
concentrations oy as much as o', (Winton et al., 1971y Safe Drinking
Water Committee, ! 77). Finally intake frum other sources was not
accounted for,

Hecently, studles have related rmethemogiobin levels in the blood

of infants to nitrate concentrati-ns 1n water consumed. Winton et al.

(1971) oicerved arsve normal methesoplotin levels in infants receiving

a daily intaze dose of 10-13.5 mp/ar body weipht., Althourh there were

no sifms of methezosletinemin, thelr methomorlolin levels o}l to

within the normal ranme when owitened to low-nitrate water. Winton

et al. (1971) estimated that where excescively boiled water and vowder
formula are used for infant Teods, water containing as little as 50 ag/l
nitrate yields the 10-19 m~/kg daily dose. Cimilar results were obtained
by Shuval and Gruener (197%).

However, many infanis have drunk water containing over 45 mg/l
nitrate without developins m-themoglobinemia, Moreover, although many
pehlic water supplies in the United Statec routinely exceed this limit,
only one case assocliated with a public water supply has been reworted
(USHPA, 1975; 5af- Drinkins Water Committee, 1977). It has been suggested

that in these casec incidertal prutective factors ray have been involved

(Winton et al., 1971).


http:roloin.nL

-60-

The 1962 USPHS and 1975 USEPA limits are solely based on the danger
of infant methemoglorinemia. Both Winton et al. (1971) and the Safe
Drinking Water Committee (1977) consider the present 1limit to be
reasonable, given present evidence. The Safe Drinking Water Committee
(1977) suggests however, that for some infants the present limit may
not provide an adequate margin of safety. This disagreement at least
partially reflects the confusing evidence available.

Chloride

High concentrations of chloride in drinking water can produce an
objectionable taste and may also enhance corrosion rates in the distribution
system and in household appliances (Welsh and Thomas, 196C; !McKee and
Wolk, 1963; NAS-NAE Committee on Water Quality Criteria, 1972).

The median chloride concentration in the 100 largest U.5. water
supplies was 13 mg/l, ranging from O to 540 mg/) (Durfor and Jecker,
19¢4).

Concentrations of chlorides usually present in drinking water are
not hamful to healthy humanc (Negus, 1938; McKee and Wolf, 1963) but may
be injurious to individuals suffering from heart or rxidneyv diseases
(Haxcy, 1956; lcKee and Wolf, 1963). For healthy individuals, levels
as hign ac 4,000 mg/1 are reported to have no effects (Maxey, 1956),
However, concentrations above 4,000 mg/1 may cause "gastric distress"
(Sartwell, 1973).

Human tolerance to chlorides varies with climate and the amount of

physical exertion. Chlorides lost thrcugh perspiration are replenished
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by those present in either food or drinking water (Welsh and Thomas,
1960; McKee and Wolf, 1963)., In hot, dry arcas salt is often added to
the drinking water to help maintain chloride levels in the body (Helsh
and Thonas, 194 ). In the lnited States, ecspecially in the Southwest,
water cuppllier containing up to 600 mg/l of chlorides have been used
without any ap-arent adverse efrects (lefus, 1938; AWNA, 1950),

Thus, liritc on chloride levelcs in drinkins water have been
principally vuced on aesthetic and economic considerations (WHO, 1961;
USPHES, 19005 WHI, 1371). An early study cn chloride taste thresholds
wae carricd out vy Whipole (1907), using a panel of approximately twenty
persone,  Hichter and MclLean (173%) recorded the taste threshold
concenirations of vodium ehloride for a panel of fifty-three adults,

The offect of chloride In water on the flavour of brewed coffee has also
been examined (Lockhart et al., 1959). The results of these studies are
surzparized in Tavles IIi=1, 11I=2, and I11-3. Whether the taste imparted
vy chlorides is obiecticnatle or not is a matter of personal preference
and hatit (Whivple, 19G7; lckce, 1967),

ew recommendations regarding acceptable chloride levels were found
in the literatur~ riviewed. Hibveard (1934) sugrested a limit of 200 mg/1.

The NAS-HAZ Committee on Water (uality Criteria (197?) recormended a limit

¥
v
pee
o
¥

of 250 mg/l in pu: ater supply sources, if sources below this level

(-\

vere availatle, ao ng that chloride is not removed in the common

treatment process (1iAS=NAR Committee on Water Quality Criteria, 1972).
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Table III-l.—-Range of Chloride Concentrations Detected by Taste in
20 Individuals

Drinking Water by a Panel of

Chloride Concentiation Detected——mg/1
Salt
Fedian Range
KC1 256 1567286
NaCl 182 121-274
CaCl., 160 Yh=224
HgCl? 372 . 149=550

Source: Whipple (1907) cited by USPHS (1962).

Table III-2.—Taste Threshold Concentrations of Panel of 53 Adults

for liaCl

Chloride Concentrations—-mg/1

Difference fromdistilled water noted

Salt taste identified

Mean viedian Range
a7 Gl 4o=304
530 595 120-1,215

Source:

Richter and MeLean (1939) cited by USPHS (1962).

Table III-3,—Taste Threshold Concentration of Chloride Ions in Water

Salt Threshold Chloride
‘ Concentration—mng/1

HaCl 210

KC1 31C

CaCl2 222

Source:

Lockhar et al. cited by USPHS (1962).
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Iron
Iron, in domestic water supplies, can produce undesjrable taste,
staining of clothing and plumbing fixtures, and accumlation of deposits

in the distridution system (MeKes and Wolf, 1963; NAS-NAE Committee on

14

Water Quality Criteria, 1377).

Tre averarn per capita dietary intake of iron is about 16 mg per
day (llegus, 1934; Kehoe et al., 194405 USPHD, 1962; McKee and Wolf,
1963).

Aesthetic and economic considerations have been the principle
motives for limiting the amount of iron in drinking water (wRO, 19613
USEHG, 1960; WHC, 19705 WHO, 1971).

In a survey of 1,577 rw curface waters in the United States, the
mean iror concentration found was Si)Jg/l with a range of 1-4,609'1g/1
(Kopp and Frorer, 1957). TIn ground waters, concentrations ranged from
trace levels to 406 mp/l (Kehoe et al., 1944a). levels in 30 finished
waters in the United States averared 68.%)1g/1 with a range of 2 to
1,92?}15/1 (¥opp and Kroner, 1967).

Cohen et al., ‘196C) studied the taste thresholds for iron of
15-20 pecple., HResults of this study are presented in Table 4. Note
that 5 of the panelists could not detect iron even at a concentration
of 256 mg/1 in distilled watcr. 1t appeared that some panelists were

accustomed to drinking water containing substantial amounts of iron.

Earlier reports specify a taste threshold of 0.1-0,2 mg/1 for both



ferrous and ferric ions (Balavoine, 1948; Kettering Lab, 1957), 1In
contrast, lockhart et al., (1955), using a panel of more than 18 persons,
found 10 mg/1 to be the taste threshold for ferric ion in distilled water.
With regard to staining and deposition, Hazen (1895) states that
0.3 mg/1 of iron rarely causes any trouble, and that czcasional
precipitation may occur at 0.9 mg/1; concentrations of 1-3 mg/1, however,
usually result in precipitation and render the water entirely unsui+ ole
for laundering. Buswell (1928) and McKee and Wolf (1965) indicate that
concentrations above 0,1-0,2 mg/1 result in staining and accumulation
of dcposits. Problems of a similar nature begin to occur at approximately
0.3 mg/1 according to both Hinman (1938) and Edwards (1947). Concen‘rations
above 0.2% mg/1 have been reported to produce turbidity and taste
problems (Mohler, 1991). The maximum allowable limit suggested by
Hazen (:°95) and Hibbard (1934) is 0.5 mg/1. Connelly (1958) recommended
a linit of 0.3 mg/l. The NAS-NAE Committee on Water Quality Criteria
(1972) also reccamended a limit of 0.3 mg/1 for soluble iron in public
water supple sources, under the assumption that treatment processes may
not remove soluble iron. Limits as low as 0.1 mg/l have also been

recommended (Klut, 1938; Schlirf, 1941).
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“w S TIad
A sl P

Cwmlative Threchold Distilled Wnter Spring “ater
Dictributione;
Ferrous Ion Concentration—ng/1
5 0.04 C.12
50 3.4 1.8
99 256 -
Colloidal Ferric Oxide
Concentration——mg/1
'j 0-7 -
50 “ o8 -
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SCIENTIFIC RATICNALE FOR COLIFORM STANDARDS

Ac noted in the historical analysis, Frost was the first to suggest
that coliform ccncentratisnc in drinking water might be related by a
chain of ccrrelation and causation to the typhoid morhidity rate of the
population servad, The chain required estimates of’

1. the concentration of "intestinal bacteria" in the drinking
water,
2. the ratio between numan and animal contributions,

3. the ratic of Salmonella tymhi to eoliform levels,

4, the volume consumed per rercon=—day,
and 5. the dose=infection relationcniu,.

In reverse order, this chaln cuspenwed a tasis for ectablishing a
standard explicitly relatalio to moruidizy rates.

Althoush Frost wars unaile $0 previde the necescary estimates to
carry throuph the calculaticrn, Thomas (in Wecton et al., 1949) used an
approach ni=ili . to Frost's to relatc  typhoid incidence 1o coliform
concentrations. e uced estimates of the J. typhi/celifora ratio and
the dose-infectinn relaticn (170 single cell infectiviiy) made by Kehr
and Butterfield (1747). Thomas assumed all czoliforms originated in
human fecec., 1In a later application of the same anpreach, Thomas (1999)
calculated that a celiform level of 1/100 xl in the drinking water of
2-108 persons wollld be associated with an averarge ?.H°104 caces of

typhoid fever each year. Otill later, Themas (19£7) develoved a doce-

infection relationship based on the disputable assumption that '"Every pathogen
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developed and applied several dynamic epidemiological models (e.g.,

for typhoid, cholera, and other diseases) that incorporate the results
of contemporary clinical and field studies. The models consider
sub-clinical or asymptomatic infections, short- and long-term immunity,
temporary and chronic carriers or excreters, incubation periods, and
numerous other factors. However, the instantaneous morbidity rate is
assumed to be proportional to:

1. The number of infectious persons in the population
under analysis,

2. the number of susceptible persons involved,

2

. the force of infection.

The force of infection depends on the ability of the pathogen to
successfully colonize or infect the host and on the amount of exposure
to the pathugen through fecally contaminated water, milk, food, or
hands. Consecquently, the force of infection mirrors excreta disposal
methods, water supply characteristics, food handling practices, and
other environmental factors. In applications by Cvjetanovic et al.
(1978), the force of infection was freely adjucted to assess the
qualitative effect of privy construction and other control measures.

The work by Thomas(1955,1960), Mechalas et al.(1972), and Fuhs(1975)
at least in part models the force of infection as a function of coliform
levels and other factors. Those and all such models of the force
of infection must consider:

1. the ratio of the pathogen to the indicator level in
sources of interest,

2. the dose of the pathogen encountered,

3. the dose-infection relationship.
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For typhoid, the pathogen (Salmonella typhi) to indicator (coliforms)

ratio in human eXcreta depends primarily on the number of carriers in
the population. Roughly 7 to 207% of persons infected continue to
excrete S. typhi for several months following recovery and 2 to 5%
continue to excrete for possibly the rest of their lives (Cvjetanovic

et al.,1978). However, these percentages conceal considerable variation
with age and gender (Ames and Robbins,1943; Vogelsang and Boe,1948).
Moreover, only about 10 to 307 of those becoming infected exhibit
clearly diagnosable, symptomatic typhoid; unfortunately, persons infected
sub-clinically may still become carriers (Cvjetanovic et al.,1978;
Meselis et al., 1964). 1n addition, the rate at which carriers excrete
the pathogen also declines following recovery (Mason,1915). This implies
that the pathogen to indicator ratio reflects not only the current
morbidity rate as Kehr and Butterfield(1943) proposed but also the

rates throughout the preceding decades.

The second term, the dose encountered, depends on the available
routes of exposure and on sanitary control measures. Frost(1915) and
those following were predominantly interested in water supply mediated
exposures. For that route, the dose encountered depends on the pathogen
concentration (only indirectly on the coliform level) and on the volume
ingested. However as Frost(1915) and Fuller(17°15) pointed out, a
substantial fraction of observed typhoid cases may be attributable to
contaminated milk, food, shellfish, or hands or to contaminated water
from unprotected sources. Although not the result of water supply
contamination, these cases may still result in some carriers and

thus modify the pathogen to indicator ratio.
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Finally, *he dose-infection relationship translates the exposure
experienced to the consequent morbidivy. Burnet and White(1972) review
the effects of inheritance, age, and gender (i.e., host factors) on
the relationship. They emphasize that these factors are often confounded
with cultural patterns. Most of the informatioa available on dogse-infec-
tion relationships is drawn from clinical studies in which healtuy,
adult volunteers are exposed to selected pathogen doses. The work
reviewed by Mechalas et al.(1972), Fuhs(1975), and Bryan(l1974) unambig-
uously shows differences between pathogens and between persons and
verifies that the mode of exposure is critical. For example, Vibrio
cholerae administered in buffered water produced infections at doses
four or-lers of magnitude below the levels necessary without buffers.

R¢ grettably, the sampling errors inherent in testing small numbers
of persons (particularly at low doses) and the undoubted differences
in susceptibility between the volunteers and the overall population
(especially with regard to age and general health) make it difficult
to extrapolate from clinical studies to conditions of concern here --
large numbers of people exposed at very low doses. Fuhs(1975) and
Mechalas et al.(1772) attempt to extrapolate by assuming that the under-
lying probability distribation is known -- Poisson and log-normal
distributions respectively. Neither allowed for any fraction of the
test populations to be immune. In other words, clinical studies designed
to estimate the IDyg (i.e., the dose necessary to infect 25% of those
exposed) or the ID50 are generally inadequate for estimating

-he ID1 or the 1D0.1
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To summarize, the relationships reviewed above or superior alter-
natives might provide an explicit basis for establishing a coliform (or
other indicator) standard for drinking water based on typhoid (or other
pathogen) control goals. However, any such analysis for typhoid or
any specific pathogen would be of only limited applicability to
other pathogens with distinct natural histories or to other regions or

cultures with distinct patterns of exposure,

UNCERTAINTY, RISK, AND SPECIFICITY

As stated above and as the preceding discussions verify, standards
reflect past professional experience, epidemiological information, and
plausible assumptions and they also rellect the availability and cost of
water treatment methods and the nunber of peoplec at risk. Because ol
these coniradictory influences and because of inherent uncertainties,
standards provide no absolute assurcnce of safety. For example, coliform
levels below 1/100 ml do not always imply the absence of pathogens.
Rather, low coliform levels suggest that it is unlikely thal pathogens
will be present at ‘dangerous" concentrations.

But this is not always the case as the Minneapolis and Milwaukee
outbreaks in the 1930's and the Riverside, California outbreak more

recently demonstrate. At Riverside, S. typhimurium levels were ten times

greater than coliform levels. In these cases, the water was nol considered
contaminated when it was. This kind of error can obviously be reduced
by making standards more exac ting.

However a= White (1977) has observed, stringent standaras ". . . may

lead to unnecessary condemnation of supplies that actually present little
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health risk." This echoes the response to the Treasury Standard by
Prescott and Winslow (1915) and others. If for convenience we leE/!;
represent the probability of making an error c¢f this second kind (i.e.,
considering the zupply to be contaminated when it was not) and &K
rerresent the probability of making the first kind of error, we may
observe that reducing O( frequently implies increasin%ﬁéa.

The magnitudes of o and/<g arc un‘mown, but Whittaker (in
Prescott et al., 1946) compares laboratory analyses with sanitary
surveys in terms of their respective & 's: of all water supplies
condemned on the basis of the analyses and/or the survey, the survey

and the aralyses would have "passed" 8% and 40% respectively.,

Although their magnitudes are unknown, both 0( and/<3 might be
reduc>d by develoring more unambiguous or specific tests for contam-
ination. Ideaity, such tests would be positive for all contaminated
waters and negative for all others. This implies that the indicator
is found dependably in all contamination sources and in no others,

i.e., the indicator is absolutely specific to contamination sources.
However, alternatives to constituent standards as arbiters of whole-
someness and palatability do exist. First, the sanitary survey might
be re-emphasized., Second, the dichotomous good/oad respense implicit
in regulatory standards might instead be graded arter the fashion of
the British Ministry of Health Standard (llobbs, 1950). Both measures
would re-introduce common sense and professional judgment back into

interpretation of water quality. Finally, White et al. (1972) and

VWhite (1977) suggest "good practice" standards for a spectrum of possible
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supply improvements, beginning with individual protected supplies.
Such standards might speci fy materials, construction methods, and
operator training.

But with these alternatives too, analogous errors are still
encountered and more specific tests or specifications might still
reduce x and .

Increased specificity has been a long=~standing objective of
sanitary science and engineering, from 20°¢c gelatin plate counts through
tests for E. coli type I. Geldreich (1966) outlines the early development
of bacterial indicators. Retween 1900 and 1915, classification systems
for "color bacillus" types were repeatedly formulated to identify the
specifically fecal types. 1In 1938, Parr (in Geldreich, 1966) proposed
a system recognizing sixteen types based on four tests: 1) Indole
production from tryptophan, 2) acid production (indicated by
methyl red), 3) acetylmethylcarbinol production (Voges-Proskauer test),
and 4) the citrate permeasc test. The IMVC system (Indole, Methyl red,
Voges-Proskauer, Citrate permease) is by far the most common coliform
classification; three types were considered characteristics of feces
and three characteristic of soil, with ten intermediates.

Parallel with these developments, the 20°¢ agar or gelatin plate
count was replaced by the 37OC plate count as the most specific test.,
This in turn was superseded by the total coliform test, which in turn
was replaced by the fecal coliform test. Most recently, several
rapid(i.e., they can be completed in a few minutes to a few hours) tests
for tota! bacteria and coliforms have been developed (Geldreich,1979),

These include adaptations of the Limnulus endotoxin assay (Jorgensen
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et al,,1976) that effectively provide total counts of gram-negative
bacteriz, radioactive label release assays for substrate degredation,
and immunc-fluorescence staining procedures that are cstrain-gpecific.
For each ¢f these conventional or rapid tests, two distinct questions
must be addressed: to what extent are organisms from non-fecal sources
ircluded by each test and to what extent do fecal sources not contain
organisms positive to each test. Tnis again is equivalent to

considering values for'O( and,£3 .
’

Geldreich (1966) also summarized the results of extensive field
work on the composition of coliform populations from different sources,
Table III-5 compares fecal with unpolluted soil samples, Table III-6
compares the composition of "clean soil" coliforms with califorms from
human mammalian livestock, and avian feces; the genus (or genera)
corresponding t> the IMVC types are also given. Clearly, therc are
no wholly fecal or wholly soil coliform types. Elsewhere, Dufour
and Cabelli (1975) nave found that 50% of Klebsiella sirains isolated
from fecally uncontaminated industrial wastes are pozitive to the
fecal coliform test., By contrast, the Safe Drinking Water Committee
(1977) reports that about 5 to 1054 of Escherichia isolates cannot
ferment lactose., It thus seems unavoidable that misinterpretations
will occur,

This is further complicated by variations in the coliform composition
over time in the fecal flora of individuals, Zubrzycke and Spaulding
(1962} and Holdeman et al. (1976) found that the coliforms made up a
minor fraction of the fecal flora and exhibit considerable variation

both between persons and over time. Geldreich (1966) summarizes time
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Table III:S:-—Comparison of Fecal and Soil Samples

Unpollited**
Fecal* Soil
Samples Samples
- - 9108?{' 506(/)(/’
Escherichia
Group (++= =, 9343 8.9
— -
——)
Fecal coliforms 96,4 9.2
I+ 94.0 19.4
M+ 26.9 7546
vV + 5.1 40,7
C + 3.6 88,2

#8700 isolates
#%2300 isolates

from Geldreich (1966)
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Table III-6—Compa.rison of Coliform Populations from Soil and
Fecal Sources

Mammalian o
Genus MvC Human |Livestock| Avian |Unpolluted
Type Feces Feces Feces Sod
Escherichia ++ == 87% 96% 98% 5¢6%
Klebsiella ++ ++ Gel 0 0 7
Klebsiella -+ 4+ + 0.5 0 0 8
Klebsiella or - -t 5e4 0 0.1 19
Enterobacter
Citrobacter -+ =+ 1.1 0 0.3 48

from Geldreich (1966)
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series studies of the coliform flora of three persons. Over the three-

year study, the dominant coliform strain dramatically shifted in twe

persons, IMVC types characteristic of Iischerichia, Klebsiella our
one fecal sample,

Additionally, White et al. (1972) arpgue that many common tropical soil
bacteria are positive for the total coliform test and to a lesser degree
for the fecal coliform test. It may prove worthwhile to repeat

Geldreich's work in different regions.

In summary, Dscherichia coii t*pe I is the most specific indicator

of fecal contaminationj the fecni coliform test is slightly less
specific. Dufour and Cabelli (1975) and others have argucd for the
addition of urease and oxidasec tests to further increase specificity,
Total coliforms, the 3700 plate couat, and the 20°¢C plate count are in
turn decreasingly specific,

With the increasing specificity however, comes reduced sensitivity.
As demonstrated above, the fecal flora of some individuals are dominated
by Klebsiella IMVC types rather than the Escherichia group. In addition,

persons commonly excrete fewer Escherichic coli type I organisms than

either fecal coliforms, total coliforms, or 5700 agar platec total

bacteria.
Therefore, increased specificity reducesﬂ but may increase°< because

of inherent 1limitations. It seems unlikely that errors of iaterpretation

would be simultaneously reduced by the adoption of novel indicators,
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CONCLUS IONS

Judgments concerning the wholesomeness and palatability of drinking
water are commonly based on field inspections or sanitary surveys to
identity probable sources of contamination and/or on laboratory analyses
of sample constituent levels. Interpretation by trained workers is
necessary in both cases, being guided either by the results of controlled
field studies and of case studies or by sets of constituent standards.

Constituent standards rcflect past experience, plausible assumptions,
epidemiological studies, the availability and cost of treatment methods,
the number of persons at risk, and local tastes. Attempts to analytically
relate constituent levels to health are often limited by inadequate
description of the host-pathogen relationship or of the toxicological
relationship and by the statistical uncertainty inherent in clinical or
epidemiological studies. Standards established for constituents
unrelated to health respect local tastes and economic conditions.

"Good practice" standards for design, siting, construction, and
operation of water supplies provide an alternative to regulatory
constituent standards but without the associated sampling problems.

There are uncertainties inherent in all bacterial indicators of
fecal contamination. Indicators that are the most specific are often

also the least sensitive.



IV, PROBLEMS IN APPLYING DRINKING WATER STANDARDS

INTRODUCTION

This section will review some of the problems commonly confronted
when questions of water quality arise in water supply projects. We
will argue that water quality standards serve an important purpose
in addressing such questions by providing goals and design specifica-
tions. We will further argue that problems associated with the
adoption and application of recognized quality standards are, for the
most part, caused by an unwarranted fear of potential social and
economic consequences and by a failure to understand what purposes
standards serve and how they should be used. Perhaps the greatest
problem with any standard is that its acceptance seems to be the cause
for discarding common sense and judgment. Unfortunately standards
cannot substitute for these two ingredients in the mix that makes

up sound project design, operation, and public health control.

STANDARDS=-CCVERAGT AND PAST EXPERIENCES

A review of the standards adopted by eighteen countries and of the
recommended standards proposed by WHO reveals a rather remarkable uniformity.
(See Appendix B) Although differences oczur in maximum permissible concentra-
tions on a number of the chemical, physical, and bacterial parameters,
with but few exceptions these differences are not largc. With respect
to bacterial standards and bacterial quality, it is noteworthy that

there is 100¢’ ipreement on use of coliform organisms and "most probable
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number" or membrane filter counts as indicators of contamination of
public health significance. Of the considerable number of the develop-
ing countries that have in recent years adopted drinking water standards
either tacitly or officially, most have used the WHO recommended
standards as their guide.

In contrast a wide spectrum of practice exists in the use and
application of the standards. Where water quality standards exist and
particularly where an effort is being made to observe the standards,
externally assisted projects should in general comply and support.

But when facilities or processes are required which are unreasonably
costly or when the quality of the water reflected in the standards
creates serious doubts about the safety of the water relative to

WHO or other recognized standards, strict compliance may not be possible,

While there appears to be general recognition that standards
serve a useful purpose whether as goals or design specifications, people
of differing disciplires have in the past frequently been critical of
specific standards or of implications associated with the application of
particular standards. A review of the standards and of the problems
which motivated the criticisms reveals among other things that mecst
of the trouble has occurred over bacterial standards. Chemical standards
have appeared to draw criticism only from those unable to distinguish
between standards for toxic substances and those for such qualities
as corrosivity, hardness, and other characteristics having little
to do with health,

Additional criticisms involve urban and rural applicacion of

standards. There seem to have been few challenges of the accepted
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standards (such as those proposed by WHO summarized in Appendix B)
in application to large urban water systems. The number of problems
increases as the size of the cystems decrcases. It can be said with
reasonavle certainty that the problems of applying drinking water
standards are essentially the oproblems of rural water supply quality.

So far az can be determined, radiological standards have not been
of concern in any of the developing nations,

done cf the above conclusicns should be construed to mean that
there have been no provlems associated with application of the chemical
and bacterial standards to large urban systems.* However, such problems

are usually more amenable to cconomic analysis and to technical

solution because of the ability to deal with them individually and the
greater resources available. Broad policies and approaches which can
be applied on a mass basis for numerous small systems make the problem
of applying standards more difficult, It more than ever stresses the
importance of judgment aad technical competence in the interpretation

of field and laborator- data.

*Present concerns of cities in the industrialized countries over
chlorinated organics and trace substances are regarded as areas that
may require further attention by urban water officials in tbe developing
countries, For the present, and until established and reliable data
become available, emphasis needs to be placed on standards associated
with bacterial safety and related to established laboratory and

epidemiological data.
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STANDARDS OF SAFETY, ACCEPTABILITY, AND RELIABILITY

As discussed earlier in this report, constituent standards for
drinking water in part reflect three concerns: public health,
palatability/acceptability, and usability. The first objective is
addressed in the standards which specify limits on toxic chemicals and
bacteria. The second objective is related to maximum concentration of
substances to be allowed to avoid making the water unpalatable and/or
unattractive for drinking, e.g., color, taste and odor, turbidity.

The third objective relates to characteristics of the water which influence
corrosion rates, encrustation of piping systems, staining of laundry and
plunbing fixtures, and excessive use of soap and softeners.

Bacteria in the numbers normally encountered in drinking water do
not usually affect taste, appearance, or usability hut are of nrimary
concern in assessing the safety of the water for drinking. Bacterial
standards reflect only public health objectives in most national standards.

However, strict observance of health-motivated water quality
standards does not assure safety, The application of water quality
standards as regulatory tools requires laboratory analysis of samples
to establish conformance. To the extent that the samples are representa-
tive, properly collected, and properly analyzed, it can be determined
that the water represented by the sample either meets or fails to
meet the standard. But as noted earlier, a sample collected from an
unprotected source may meet the standard at the time of sampling
although the qu ity may change inmediately after the sample is
collected. Hence the need for a well designed sampling program in

enforcing regulatory standards.



Standards which relate to acceptability and usability, while
normally havirg no direct inmpact on safety, may have important indirect
effects. Waters which exceed limits in color, taste, odor, iron,
manganese, sulphates, ard chlorides may not cauce 111 effect: if used
for drinking. llowever, the unwillingness of people to drink the
water because of cnc or more of these qualities may lead them to retumn
to unsafc sources: those which are more palatable or attractive but
which are much worse bactericlogicaily. Waters which exceed standards
related to usavility and are objectionable because of their corrosiveness
to piping systems, or becausec of their hardr :ss, arc usually only
evaluated from an econonic standpoint., ?2ut,they ma; also nave certain
health importance. Tor exanple, if a ..carby pcnd produces soft water,
or one better suited Lo clothes washing, it may attract peoplec away from
the very hard, vut safe supply not only for washing purposes vut fo: drinking

and bathing.

wconemically, it is usually less expensive to make a water
bacteriologically safe to drink than to meet some of the chemical
and physical standards, especizlly those concerning toxic substances.
Fortunately, in most areas the tack is commonly one of taking the
present sources and through construction and protection, making them
capable of meeting the bacteriological standards, without chemically
altering a water which the people already are accustomed to drinking.
In other words, discreet use c¢f the standards will permit emphasis
on the important standards and an intentional disregard or downgrading
of those standards which arec of no health cignificance., This is not

an exercise which lawyers and administrators find attractive.
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However, i% is an approach which recognizes that where people are
accustomed to drinking a particular water even if chemically it exceeds
the limits set by the standards and where the levels are not toxic,

the objective should be to render the water safe bacteriologically.

TH: COST OF MEETING STANDARDS

Would it not be better to employ legss striugent standards and to
use the savings to provide water to more people, to increase convenient
access to the supply, or to expand the quantity available? The
implication is that construction of supplies which produce water meeting
the WHO or comparable standards will increase costs substantially over
those for less refined systems. Unfortunately, those who raise the
question seldom indicate whether they would use another standard (e.g.,
one which permits twice as many coliform organisms, or twice as much
arsenic, or three times as wuch nitrate) or none at all,

Previous paragraphs have noted that compliance with bacterial
standards is usually much easier and much less costly than meeting
chemical and physical standards. Where all available sources of water
nearby contain levels of toxic substances in excess of ~he standards,
compliance wili usually be costly, requiring extensive ‘reatment or
transport=tion. Fortunately, there are not too many areas of the world
where such problems arise, although these do include portions of
Argentina, Yemen, and Tanzania. T1n these areas, it will have to be
treated on a case by case basis, tuzking into account alternative sources,

epidemiological evidence, and other factors.
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Meeting most bacteriological standards should usually require no
greater investment than that necessary to make the water simply
accessible and palatable. 1In a few instances, it may involve the
additional capital, operation, and maintenance costs of chlorination,
and in a few others, the costs of filtration and potentially reduced
reliability.

Where groundwater is available, it is almost always the
best source of supply for rural areas . 1In most countries,
properly located, constructed(i.e., protected), and maintained
wells which are decper than 10 ft. and which take water from
consolidated aquifers will provide water which, with few exceptions,
will meet the strictest of bacterial standards without need for
chlorination or further treatment. Where wells and springs can be
protected and made tight, reliance can be placed on good maintenance
to yield water of high bacteriological quality. Routine laboratory
testiug or further treatment will normally not be required and costs
neeé¢ be no greater than if no standards were to be met.

In rural areas vhere surface water is the only available Lource,
some form of treatment will be necessary to meet safety standards.
Treatment must include making the water acceptable for drinking by the
people and should also include making it safe. The cost of doing
both will usually be little more than for one., Depending on raw
water characteristics, making a surlace water suitable for drinking
can range from simple settling to chemical precipitation and filtration
for reduction of turbidity. It may mometimes also include taste and

odor removal and reduction of ircn and manganesc. Bach of these

processes directly concerns acceptability of the water for drinking.
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Some will affect usage. Where these capital and operation costs have
been accepted and where the potential logistic problems have been
satisfactorily solved, the cost of adding chlorination to any one of
these steps required to make the water palatable involves such a small
additional investment that it is usually insignificant (Saunders and
Warford,1976; T'orld Bank, 1976). The savings derived from foregoing
this additional investment would not help a substantial number of
people in other communities to improve their water supplies,

In some instances, raw water way be acceptable for drinking by the
local people without further treatment because they have become
accustomed to it. Certainly in these cases, the incremental cost of
making the water conform to the bacterial standards can be substantial.
For communities of limited size, simple infiltration systems can be
ingtalled requiring limited main-enance and having low operation costs.
The cost of systems for larger communities, while not great, may lead
some to argue that the funds would be better used for construction of
facilities in an adjnining community, However, water-borne and water-
washed bacterial and parasitic diseases usually are the predominant
causes of morbidity and mortality among all ages in many developing
countries (Saunders and Warford,197¢). (nonsequently, any dramatic
relaxation of standards relating to water-borne diseases may be difficult
to justify, even though meeting the standards may occasionally delay

the time when other supplies may be improved.
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CONCLUSIONS

Labcratory analyses and water quality standards for interpreting
the results are useful but limited tools for the experienced technician
in the design, operation, and public health control of water supply
systems. It is critical, however, that the limitations be recognized.
Not all standards spring from public health intarests directly and thus
require implementation in harmony with local tastes and customs. In
addition, the sampling procedures and frequencies that are practicable
in many developing nations seldom provide an adequate basis for
assessing contamination, especially from intermittent sources.

Uniform application of water quality standards has often been
critizized. Most objections have focused on applying standards to small,
rural water supplies. It has been argued that the resources used to
meet stringent standards might be more effectively used to increase the
accessibility, the quantity, or the reliability of the water supply.

But example calculations suggest that where groundwaier is accessible,
siting and construction practices are appropriate, and objectionable
mineral deposits are not present, the savings would be limited. Where
surface waters are to be used, the incremental cost of meeting bacterio-
logical standards over the investment necessary to simply make the water
supply palatable/acceptable is not considered to be substantial.

However, where chemically contaminated sources must be used, the
costs of meeting the standards will undoubtedly be substa' ial, assuming
treatment processes do exist. Where treatment processes have not been
developed, are we to prohibit people from drinking. Clearly common sense
dictates that these cases be addressed individually with particular

emphasis on epidemiological information.
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In cases where the costs of meeting standards are high, questions
of alternative uses of the resources are unavoidable. But even in those
cases, the questions frequently arise from the mis-application of
standards rather than from standards per se., Common sense indicates
tha  condemning a protected well on the basis of a single sample
showing 10 coliforms/100 ml is inappropriate and that even where that
level is consistently observed (i.e., assuming anadequate sampling pro-
gram). prohibition might drive users to unprotected and ciearly contam-
inated sources. Technical expertise is nNecessary to interpret labor-
atory analyses of field water samples,

To conclude, rigid adherence to standards alone as a basis for
acceptance or rejection or as grounds for legal and/or political action

will seldom lead to prudent decisions or be in the public interest.



V. — VATER QUALITY STANDARDS AND

RURAL WATER SUPPLY PROGRAM OBJECTIVES

RURAL WATER SUPPLY OBJECTIVES

Human Health

There can be little doubt that rural water supply programs in developing
countries are intended in part to produce improvements in the health of the
population served. The literature, the policy statements of government
and of international organizations, and the conventional wisdom of the
water supply profession all reinforce this view. Improvement in human
health is regarded with essential unanimity as the major (in some cases,
only) objective of rural water supply programs.

This choice of objective is consistent with the last seven or eight
decades history of water supply improvements in urban areas of developing
countries and in urban and rural areas of developed countries. Other
objectives (e.g., increased convenience or economic development),
where present, have tended to remsin subordinate to the ¢oncern for
human health,

In contrast, it seems likely that the eighteenth and nineteenth
century development ot water source works, storage, and distribution
facilities for the great urban centers of the world was motivated mostly
by a desire for continued economic develcpment and protection of real estate
investment (fire protection)(Blake,1956). The introduction of water treatment

near the beginning of the twentieth ‘entury and the subsequent development
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and refinement of water quality standards, however, reflect nearly exclu-
sive interest in the public health. Specific concerns have evolved from
typhoid fever and cholera through other bacterial diseases, protozooan
parasites, viral infections, toxic inorganic chemicals, to today's
interest in chronic exposure *o toxic organic chemicals. But the overall
motivation has remained the same: +to eliminate, as far as possible, pub-
lic water supply as a contributor to human sickness, disease, and death.

In the case of rural areas in developing countries, especially those
within tropical regions, the water-related health concerns are many. To
repeat from Section III, Saunders and Warford (1976), following Bradley
(1971) and White, Bradley and White (1972), have classified diseases
associated with water supply and sanitation deficiencies into five groups:
(1) waterborne diseases, (2) water-washed diseases, (3) water-based dis-
eases, (l) water-related vectors, and (5) fecal disposal diseases. A
water supply of inadequate quality or quantity is usually implicated in
the transmission of diseases from the first four groups; fecal disposal
diseases (group 5) are associated mainly with poor food sanitation prac-
tices, including the consumption of uncooked fish and shellfish.

For the first four groups, Saunders and Warford (1976) list thirty-
two individual diseases as being of immediate concern. At any one loca-
tion, the concern may be limited to one or two diseases or may extend to
nearly all those listed, especially in tropical countries. Whatever the
concern, the provision of a safe and adequate supply of water is an impor-

tant tool in reducing the incidence of a broad spectrum of' human disease,.
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In some cases, providing and insuring the use of safe water is all that
is required to break the cycle of transmission; in others, an adequate
quantity of water is necessary to support the improved sanititior prac-
tices which will arrest the spread of discase.

Attempts to improve human health may arise out of simple concern for
the welfare of other human beings, but this need not be the onlyv motiva-
tion. National governments, for example, nay desire to improve public
heaith in rural areas in order to gein political support. Reduction in
the “.ncidence of spccific diseascs may also be linked to crxpected pgains
in worker productivity, with attendant gains in the welfare of the nation
as a whole. Gains in rural productivity may be secen aus instrumental in
achieving a desired redistribution of income. IFinally, concern over
rural-to-urban migration patterns, lecading to worsening social and econo-
mic conditions in urban areas, may suggest attempts to improve living
conditions in rural areas, includirng improvements in rural public health.
Although the ultimate objectives may vary, these possibilities share the

same proximate objective: improvement in human health.

Other Objectives

Rural water supply improvements may be desired for reasons that are
essentially unrelated to human health, however. Thece objectives depend
upon properties of water supply projects other than the safety or adequacy
of the water produced. Instead, they grow out of the economic stimulation
providel by project implementation, the amenity value of the completed pro-

Ject, or the perceived importance of the project as differentiated from its
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actual significance.

Water supply improvements require, in varying degrees, the allocation
of labor, materials, machinery, and supplies. These resources are re-
quired for the initial construction period and, to a lesser extent, through-
out the period of operation. Some of the required resources may be avail-
able in the rural area to be served, other- are available elsewhere in the
country, still others must be imported. The use of unutilized or under-
util.zed rescurces alrcady available in the country, regardless of the mec=s
of financing, is likely to improve the weil-being of the country as a whole.
When financing arrangements include, in part, grunts or subsidized losns
from developed countries, furtrer net improvements in the welfare of the
receiving country can be expected. While ticse results are not guaranteed
(they depend upun the actual benefits obtained from the project being more
valuable to the country than the opportunity cost of the resources used),
the possibility of such gains can be expected to be of interest to national
governments.

Apart from purely economic gains, the provision of a convenient and
protected source of water contributes to the quality of everyday life in
rural communities. Bubstantial human effort is often required to collect
water from traditional sources (see White, Bradley, and Whit-, 1972).

The availability of a borehole with a hand pump, or of a pressurized dis-
tribution system with standpipes, may greatly reduce the community's aggre-
gate water collection effort, freeing time for other activities. Individual
building connections provide further improvements of this kind, but at

substantially greater cost. Among other results, increased convenience may
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lead to additional uses of water (e.g., household cleaning, garden irri-
gation, etc.) which, although not clearly related to public health, improve
the life of the community nonetheless. At the village level, this is
frequently a primary objective.

Apart from the objective improvements in health, economic conditions,
and lifestyle which water supply improvements may bring is the question of
perceived, or subjective, benefits. People living in the affected eommun-
ity, or in other areas, may perceive water supply improvements as bene-
ficial in ways which go beyond actual results, For example, conspicuous
investment in rural community infrastructure may be taken as symbolic of
the central government's determination to improve the life of rural people
and may contribute to rceduced pressure for urban migration. Individual
communitics may take pride in the introduction of technology (boreholes,
punps, treatment tacilities, ete.). regardless of any objective changes
in heaith or iifestyle. Support for water supply improvements may origi-
nate in the expectation of tlese subjective results just as it may stem

from a desire for more tangible changes.

Conflicts Among Jbjectives

Improvements in rural water supply, therefore, may be undertaken for
¢ variety of reasons. Multiple objectives appear especially likely for
local, regional, or national governments or governmental agriucies, where
aconomic and political considerations are likely to compete with health
concerns for the attention of decision-makers. Regardless of the number
of individual objectives, it can be expected that improvement in human
health will remain a major purpose of nationally or internat’onally

funded rural water supply programs,
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Even where health improvement is accepted as the sole objective,
however, it may arise frcm any of several motivations. These motivations
may have various implications for thec choice of alternative projects. A
simple desire to relieve human suffering dictates a broad approach to the
widest possible range of diseases, including attempts to improve water
quality, to provide larger conveniently available quantities, and to bring
about improvements in all forms of personal hygicne. Where the primary
motivation is to increase labor productivity, attention muy be focused on
a smaller number of diseases, those most likely to incapacitate working-
age adults (malaria, schistosomiasis, etec.). Particular stress may be
placed on protected sources, water handling practices, ete., without
comparable efforts to increase available quantities or to improve hygicne.
Conversely, interest in the political benefits of health improvement may
result in programs which selectively address the specific diseases of
greatest popular concern and visibility (e.g., diarrheal diseases may be
of greater concern than malaria, which is sometimes regarded as inevitiable).

If such different emphases on desirable project characteristics are
possible within the single health improvement objective, it is clear that
the introduction of other objectives, even in a subsidiary role, can only
bring about further variation in project criteria. Economic considera-
tions may affect the choice of technology, biasing it in favor of maximum
economic stimulation. Interest in improving the quality of rural life,
or in creating the appearance of max?rum improvement, may divert resources
from the areas where most health benefits could be achieved.

Project evaluation, therefore, requires a clear and unambiguous
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statement of objective before competing projects can be usefully compared.
Where improvement in human health is the sole objective, or a major com-—
ponent in a multi-part objective, the underlying motivation for desiring
such improvement should be explicit. Ilealth is a multi-dimensional con-
cept, and improvements in some respects may not be considered as valuable
as improverients in others.

If the role of water guality standards in achieving the objectives of
water supply improvements is to be understood, this necessary delineation
of the role of pogsible human health improvements in the formulation of
objectives is not sufficient. Attention must also be given to the link-
age which exists between water quality standards and achieved water quality,
under rural conditions; and to the linkage between achieved water quality

and human health. These issues are outlined in the following paragraphs.
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WATER QUALITY IMPROVEMENT

A primary concern in the design of rural water supply improvements
is the quality of the water that will be produced. In most cases, the
range of alternative designs is constrained by the need to achieve a
specified standard of water quality, such as the applicable WHO standard.
In discussing the relationship between project design, stanaards, and
water quality, however, a distinction should be made between the water
quality that will result if the supply system operates according to plan,
and the water quality that may result in the event of operational failure.

In cdeveloped countries, and in mosi large urban areas, well developed
support systems can be expected to exist which assure the availahility of
passably competent operation and maintenance staff as well as necessary
materials, chemicals, supplies, and spare parts. Under such circumstances,
the probability of prolonged failure of some or all components of a water
supply system is quite low. Project design, then, tends to focus on the
water quality associated with proper operation and adequate maintenance
of facilities. Operation, maintenance, and repair characteristics are
taken as given, and water quality is viewed as a function of source
characteristics and supply technology alone.

In rural areas of developing countries, however, no part of the sup~
port system can be taken for granted. Trained personnel, supplies,
materials, or replacement parts may be completely unavailable, available
only at the time of project initiation, or available sporadically through-

out the life of the project. In the absence of an adequate support system,
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one or more components of the water supply system may fail. In some cases
(e.g., treatment facilities) the system may continue to supply wateir, but
at lower quality than planned; in other cases (c.g., well pumps) the supply
of water may stop entirely, forecing the comnunity to return *. traditional
water sources. In either case, the water actually uscd by the population
is of lower quality than that envisioned by the weter supply plan.

The quality of water provided to rural arcas of developing countries,
ihen,depends jointly upon three factors: (1) the characteristics of the source;
(2) the technology chosen for source protection, conveyance, storage, and
treatment (where applicabic); and (3) the operation, maintenmee, and
repair practices employed throughout the life of the supply system.
Rational planning would suggest thut special attention be given to possible
tradeoffs among these fuctors, and between cach factor and the level of
water quality to be uchieved. When combined with further information de-
scribing the relationship between water qualily and human health, knowledge
of these tradeoffs should permit the rural water supply program to be
achieved most efficiently, i.e., at the greatest ratio of benefits to
costs. OGuch a planning approach argues against the use of fixed quality
standards, to be met in every _rse, proposing tha’ water quality be viewed
as a variable, to be adjusted in each instance so that the resources de-
voted to the entire water supply prograr may be allocated to produce the
greatest aggregate benefit.

An examination of the characteristics of rural water supply systems

reveals that available tradeoffs frequently fall short of the level of



-96-

flexibility that might be desired by a planner. Tradeoffs among the factors
themselves certainly do exist, and they are well known to d=sign engineers.
Where mores than one sowrce can be considercd, ecack source can be associated
with alternative development and delivery technologies, and each technology
implies specific operation, maintenance, ana repair requiroments. hach set
of cperation, muintenance, and repair requirements, considered along with
the associated technology, impiiecs & nwber of rossibic failure modes, and
each failure m e hos preliictuble consequences for the quality of the water
actuaily used by the corxmunity in the event of failure. The source/ te_h-
nology combination chosen is the one vhich, considering these relationships,
seems likely to provide the desired water quzlity at the least cost and with
acceptable reriubiiity. This is not a simple design probiem, but it is more
manageable than would result irom allowing design water quality to be a
variable.

Still, the more variab. es available to the planner, the greater benefit
can be achieved with limited resourcass. 5o the nature of tradeoffs between
each factor and resultant water quality needs to be explored. It will be
found that useful tradeoffs seldom appear. There are cascs, especially with
larger surface water supplies, where alternate source/technology combinations may
result in different levels of expected water quality, all within a potenti-
ally acceptable range, but these cases seem rare.More often, the nature of the
system under study restricts the range of choice to onc or a few alterna-
tives, none of winich are noticeably sensitive to changes in the level of
water quality desired.

This result reflects the limited number of sources typically available
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to a given community, the "lumpy" nature of technology, and the "bundled"

nature of the resulting water quality improvements, Technology is

lumpy when the relationship between the inputs (investment) and the
outpits(water quality) is not a smooth one: more advanced technologies

are used or not. It is not usually reasonable to opt for partial use

of a treatment process. Improvements are bundled when they appear as
joint products: achieving one particular quality improvement necessarily
involves the achievement of one or several others. When a community has only
ore or two or three possible withdrawal peints for water supbly (perhaps
orne or two surfece water supriy points and a sroundwater option), the
number of alternative technoliogics will be limited as well. TFor cach
source, a rew cholees must be made us to type of protection to be provided,
conveyance meons, storagse means, and the type of treatment to be employrd.
fach such cnoice tends to be lwnpy, in that one ievei of wator quality may
result from using filtration, and another from not using it: intermediate
levels may not be conventionally availabie. Groundwater may have one set
of characteristics, surface water another, and no alternative sets of
characteristics can be obuuined.

Further, when a source/technoiory choice is made, improvements may

be obtained for a number of attributes of water quality. These individual
attribute improvements are inseparable; they are bundled, and not availabie
separately or in other combinations. Even though it may be desirable to
trade one water qualiity attribute for another in a given community, this is
oniy possibie if appropriate source/technology alternacives are available:

the alternatives cannot be structurcd to create the choice.
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In summary, for each individual water supply improvement project the
quality of water actually provided depends upon the choice of source, of
technology, and the related requirement for operation, maintenance, and
repair. While a linkage certainly exists between thesc choices and water
quality, the lumpy nature of technology and the bundled nature of quality
improvements suggest that useful tradeoffs between the source/technology
choice and achieved water quality will not necessarily be available for
individual projects. Such tradeoffs may appear for occasional specific
projects, and they may exist for aggregates of individual projects at the

naticnal, or international programming level.
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HUMAN HEALTH IMPROVEMENT

Water supply improvements may affect human health in a number of ways,
related to the characteristics of the water actually used and the charac-
teristies of the sup, ; system. Health improvements occur when (1) the
water suppli=d is relatively free from pathogenic and toxic substances,(2)when

it is sufficiently palatable and available to encourage and permit increased
quantities ot use, and (3) when the arrangements for cenveyance and storage
minimize the cxposure of humans to water-related or water-based disease
vectors. It can be scen that water quality improvements contribute directly
to health improvement in only the first case; water quality (in the sense

of palatability) may be an indireet contributor in the second case. In the
third case water supply improvements bring about health improvements for
reasons unrelated to water quality.

The linkage is further complicated by noting that the causative
agents for some waterborne diseases are not limited to water transmission; as
noted above, they may be spread by food and personal sanitation practices as well.
Providing pathogen-free water, then, will not necessarily eliminate all
"waterborne" diseases. Also, it is noted that palatability is a factor
in inducing increased use of water leading, hopefully, to better sanita-
tion practices and to lower incidence of water-washed diseases. The
standard of palatability in any given community is determined by local
experience and beliefs, including memory of the taste, odor, color, e.c.,
of water from traditional sources. Water with a distinct taste may be

preferred, for example, to a "better" tasteless, odorless supply. Where
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the former is a contaminated traditional source, and the latter is
provided by a newly constructed supply system, increased use of
water and better sanitation practices may not occur,

Tor these and other rcasons, the linkage between water quality
improvements and resulting improvements in human health is a complex
one, difficult to observe in practice, and morc difficult to predict.
Attempts at empirical measurement of the linkage have, undcrstandably,
encountered serious difficulty (Saunders and Warford, 1976, Appendix A).
Reviewing the problems associated with twenty-cight specific studies,
Saunders and Warford(1976) conclude that the studies "provide evidence to
reinforce the intuitive belief that the incidence of certain water-
washed, water=borne, water-tased, and wzter-sanitation associated
diseases are related to the quantity or quality of water « o . they
give us little help, hcwever, in determining exactly how much improvement
in health can te cexpected from a specific water supply « « o" (Saunders
and Warford, 1975, p. 42). Therc can te no doubt that the linkage
exists; it is the ability to make specific predictions which is
lacking, because the impact of water supplies depends not only on
its quality and quantity but also on specific epidemiological

conditions and social practices.
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CONCLUSIONS

Attempts to improve human health through water supply investmgnt
may reflect a simple concern for the welfare of other humans, a desire
to gain political support, to improve worker productivity, to re-distrib-
ute income, or to halt rural-to-urban migration. Water supply improve-
ments may be desired for reasons other than health improvement, including
increased comfort and convenience, economic stimulation, and community
pride. Project evaluation requires a clear statement of objective
before competing projects can be usefully compared.

The overall quality of the water supplied depends on three factors:
(1) the characteristics of the source; (2) the technology chosen for
source development, protection, conveyance, storage, and treatment:
aud (3) the operation, maintenance, and repair practices employed. The
design problem is to chose the source/technology comoination which seems
likely to provide the desired water quality at the least cost and with
acceptable reliability. Water quality standards serve, at least
potentially, to constrain this range of choice.

In many cases, design decisions may not be sensitive to changes in
water quality standards, because of lumpy technology and bundled water
quality improvements. Water quality standards, then, are only one of
a number of factors which determine how the objectives of water supply
improvement programs are achieved and are more or less important in
specific cases. The direction and magnitude of water supply investment
may be sensitive to quality standards, but not in every case. The
true role of water quality standards can only be assessed in the context

of actuwal water supply programs developed at the national or regional level.
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Where water supply systems are designed to meet a uniform set of
quality standards, changes in those standards may produce changes in
the cost of an overall program and changes in the benefits achieved.
This is not because tradeoffs necessarily exist for individual projects,
but because the mix of projects which would be constructed may change,
Changes in quality standards which encourage the use of a specific
technology tend to promote the construction of water supply improvements
in communities where that favored technology seems most appropriate;
communities where it is deemed less appropriate will be less likely
to be chosen for investment, since the standards may not be achievable,

Case-by-case consideration of communities falling into the latter
category can minimize undesired ill effects of such a policy, but the
potential for water quality standards tc modify the direction of
investment should be clear. Unfortunately, the means to determine the
significance of this effect would not seem to flow from analysis of
general or specific characteristics of individual technologies or
projects; rather, it lies in the analysis of actual water supply
improvement programs as developed for entire nations or regions.,
Only at this level can the true role of water quality standards in

achieving program objectives be assessed.
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Types of Water Supplies to Which the Standards Apply

The U. 8. Treasury Department Standard and all the U. S. Public
Health Service Standards are intended to apply to water supplied by
common carriers engaged in interstate commerce.

The 1975 National Interim Primary Drinking Water Regulations
administered by the U. S. Environmental Protection Agercy are applicable
to public water systems.® A puslic water system is either a "community
water system"? or a "non-community water system"®. The maximum con-
taminant levels for nitrate and coliform bacteria are applicable to both
community and non-community water systems. The levels for turbidity are
applicable to both systems if they use surface water sources in whole
or in part. The levels for the other inorgasnic chemicals, the organic
chemicals, and for radioactivity, are only applicable to community water
sysiems.

The WHO International Standards are applicable to all communal sup-
plies for which control of treatment and distribution is essential for
safe and sanitary quality. The 1971 International Standards have
separate bacteriological requirements for piped supplies and individual
or small community supplies.

The WHO European Standards are primarily intended for piped supplies“
of water for domestic use.

'Defined as a system for the provision to the public of piped water
for human consumption, if such a system has at least 15 service connec-
tions or regularly serves an average of at least 25 individuals daily at
least 60 days out of the year.

2p public water system which serves at least 15 service connections
used by year-round residents or regularly serves at least 25 year-round
residents.

3 public water system that is 10t a community water system.
“Defined as drinking water which is supplied through a distribution

system and which is under the control of, or regulated by, communal or
local authorities.
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Recommended Methods

The analytical methods recommenied in the various standards are
for the most part those described in the then curren: editions of the
Standard Methods* manual of the American Public Health Association. For
some of the more uncommon contaminants, however. othner techniques are
recommended.

The earlier WHO International Standards containc.u lengthy sections
describing suitable analytical methods. These were largely omitted in
the latest edition of the International Standards and both the 1961 and
1970 European Standards. The latter, although recommending the Standard
Methods manual, have also made references to alternative methods.

All the WHO Standards contain sections prescribing suitable sampling
procedures and various precautions that should be taken in the collection,
processing and analysis of samples.

4This manual has been published under several different titles.
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Requirements regarding source and protection

(1

(2)

(1)
(2)

(1)
(2)

for

U.S. Treasury Department Standard - 1914
-none-
U.S. Public Health Service Standards
1925
The water supply shall be-
(a) Obtained from a source free from pollution; or 1
(b) Obtained from a source adequately protected by natural agencies

from the effects of pollution; or 1
(c) Adequately protected by artificial treatment.

The water supply system, including reservoirs, pipe lines, wells,
pumping equipment, purification works, distributing reservoiis,
mains and service pipes shall be free from sanitary defects.

(An outline of the general scope of a sanitary survey is provided
in an appendix of the Standards.)

1943
See item (1) under 1925 USPHS Standards above.
The water supply systeml in_all its parts shall be free from sanitary

defects! and health hazards~ and shall be maintained at all times in
a proper sanitary condition.

(A wanuai of recommended water sanitation practice is also provided.
It is not part of the Staundards.)

1946
See item (1) under 1925 USPHS Standards above.
The water supply system1 in_ail its parts should be free from sanitary
defects™ and health hazards , and all known sanitary defects and

health hazards shall be systematically removed at a rate satisfactory
to the reporting agency and certifying authority.

Additional guidelines regarding sanitation practice, and responsibility
conditions in the water supply system, are included in the Standards.

lThese terms are defined in the Standards.
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1962

(1) The water supply should be obtained from the most desirable source
which is feasible, and effort should be made to prevent or control
pollution™ of the source. If the source is not adequately protected
by natural means, the supply shall be adequately protected by
treatment.

(2) Frequent sanitary surveys shall be made of the water supply systeml
to locate and identify health hazards™ which might exist in the
system. The manner and frequency of making these surveys, and the
rate at which discovered health hazards™ are to be removed, shall be
subject to the approval of the Reporting Agency and the Certifying
Authority.

Additional guidelines regarding sanitation practice, and responsibility
for conditions in the water supply system, are included in the
Standards.

U.S. Environmental Protection Agency Regulations - 1975

-none-

1These terms are defined in the Standards.
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Requirements Regarding Source and Protection

World Health Organization
A. International Standards

Specific requirements are not stated, however, general guidelines
are provided. The more important guidelines are summarized below.

1958

The sanitary survey of a new supply should include the detection of
all potential sources of pollution and the assessment of their present
and future importance .

For existing supplies, the sanitary survey should be made at a
frequency compatible with the control of the pollution hazards and the
maintenance of a good sanitary quality.

1963

Standards of quality for water sources are specified, these are
presented in the section on raw water standards.

Guidelines regarding sanitary surveys are identical to those of the
1958 International Standards.

1971

Guidelines regarding sanitary surveys include those of the 1958
International Standards. It is also recommended that when sanitary
inspection shows that a water, as distributed, is liable to pollution, it
should be condemned irrespective of the results of chemical or bacter-
iological examination.

Treaiment of the water should be adequate to deal with changes in
the quality of the raw water and produce a finished product of consistently
high quality however great the demand on the supply may be.

It is also recommended that measures be taken to prevent the
formation of a biological layei on the inside surfaces of the mains and
service pipes.

B. European Standards

1961

A complete sanitary survey should be regularly carried out on all
water supply systems. When sanitary inspections show a water, as



-125-

distributed, to be obviously subject to pollution, the water should be
condemned irrespective of the results of chemical or bacteriological
examination.

1970

See 1961 European Standards above.
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Bacteriological Standards

U.S. Treasury Department Standard - 1914
Maximum limits of permissible bacteriological impurity:

(1) The total number of bacterla developing on standard agar plates,
incubated 24 hours at 37°C shall not exceed 100 per cubic centimeter.
The estimate shall be made from not less than iwo piates and should
be reliable and accurate.

(2) Not more than one out of five 10c. <. portions of auy sample examined
shall show the presence of B. coli.C (A testing p-ocedure which
demonstrates the presence of aerobic, gas forming, lactose-fermenting
organisms is outlined; this procedure is essentially equivalent to
a completed test.)

U.S. Public Health Service Standards
1925

(1) Not more than 10Z of a%l the 10c.c. portionsa examined shall show the
preseunce of B. coli. ’ .

(2) Occasionally, three or more of the five 10c.c. portions of a sample
may show the presence of B. coli. This shall not be allowed if it
occurs in more than-

(a) 5% of the samples when 20 or more samples are examined;
(b) One sample when less than 20 samples are examined.

The series of samples must conform to both requirements (1) and (2) above.
The completed test is considered evidence of the presence of B. coli.

1943

These standgrds allow for the use of either 10 ml. portionsa or
100 ml. portions .

35 standard portlons of 10c.c. (ml.) each constitute a standard sample.
The term "standard" (portion or sample) has been omitted in the text
for brevity.

bB. coli group as defined in Standard Methods of Water Analysis, 1923.

c . .
See note at end of this section.

d5 standard portions of 100 ml. each constitute a standard sample. The
term "standard" (sample or porcion) has been omitted in the text for
brevity.
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If 10 ml. portions used:

(1) Not more than 10% of all the 10 ml. porgions examined per month shall
show the presence of the coliform group .

(2) Occasionally 3 or more of the 5 10 ml. portions of a sample may show
the presence cf the coliform group. This shall not be allowable if
it occurs in consecutive samples or in more than

(a) 5% of the samples when 20 or more samples are examined per month.
(b) One sample when less than 20 samples are examined per month.

If 100 ml. portions used:

(3) Not more than 60% of all the 100 ml. portions examined per month
shall show the presence of the coliform group.

(4) Occasionally all of the five 100 ml. portions of a sample may show
the presence of the coliform group. This shall not be allowed if it
occurs in consecutive samples or in more than-

(a) 20% of the samples when 5 or more samples are examined per month.
(b) One sample when less than 5 sampies are examined per month.

The series of samples must conform to either requirements (1) and (2) or
requirements (3) and (4) above.

(5) When three or more of the five 10 ml. portions, or all 5 of the 100 ml.
portions, constituting a standard sample show the presence of the
coliform group, daily sampies shall be collected promptly and examined
until the results be of satisfactory quality.

The completed test or the confirmed test under certain conditions
specified in the Standards, is considered evidence of the presence of the
coliform group.

1946

Standards are identified to the 1943 USPHS Standards except that it
is now stated that samples collected following an unsatisfactory sample
(e.g. as in item (5) above) shall not be included in the determination
of the number of samples examined monthly. Neither shall subsequent
unsatisfactory samples in this daily series be used as a basis for
prohibiting the supply, provided that (1) immediate, active efforts are
made to locate the cause of contamination, (2) immediate action is taken

®Coliform group of bacteria includes all organisms of the coli-aerogenis
group as set forth in Standard Methods for Examination of Water and
Sewage, 1936. See note at end of this section.

f . , , .
When this occurs in waters of unknown quality, simultaneous tests should
be made on multiple portions of a geometric series.
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to eliminate such cause and (3) samples taken following such remedial
action are satisfactory.

1962

These standards allow for use of either the fermentation tube method
or the membrane filter technique.

If fermentation tube method used with either 10 ml. or 100 ml. portions:
Standards are essentially identical to the 1946 USPHS Standards, except
for a few minor changes in wording.

If membrane filter technique used:

(1) The arithmetic mean coliform® density of all standard samples examined
per month shall not exceed one per 100 ml.

(2) Coliform colonies per standard sample shall not exceed 3/50 ml.,
4/100 ml., 7/200 ml. or 13/500 ml. in:

(a) Two consecutive samples;

(b) More than one sample when less than 20 are examined per month;

(c) More than 5% of the samples when 20 or more are examined per
month.

(3) When coliform colonies in a single standard sample exceed the above
values, daily samples shall be collected promptly and examined until
the results obtained from two consecutive samples show the water to
be of satisfactory qualityf. These unsatisfactory samples are
regarded in the same manner as those used for the fermentation tube
method - sece 1946 USFHS Standards.

U.S. Environmental Protection Agency Regulations - 1975

Maximum contaminant levels.

These standards also allow for the use of either the fermentation
tube method or the membrane filter technique.

If membrane filter technique used:
(1) See corresponding item (1) in 1962 USPHS Standards above.
(2) The number of coliform bacteria shall not exceed 4/100 ml. in:
(a) More than one sample when less than 20 are examined per month; or

(b) More than 5% of the samples when more than 20 are examined ner
month.

EColiform group as defined in Standard Methods for the Examination of
Water and Wastewater, current edition. See note at end of this
section.




-129-

(3) When the coliform bacteria in a single sample exceed 4/100 ml., at
least two consecutive daily check samples shall be collected and
examined until the results from two consecutive samples show less
than one coliform bacterium per 100 ml.

If fermentation tube method used, with either 10 ml. or 100 ml. portions:

Standards are essentially identical to those specified in items
(1), (2), (3), and (4) of the 1943 USPHS Standards except for the elimin-
ation of the requirement regarding the number of portions showing the
presence of coliforms in consecutive samples.

The requirement in these Standards corresponding to item (5) in the
1943 USPHS Standards is more stringent in that twice daily resampling
(check samples) must be continued until the results from two consecutive
samples show no positive tubes,

Check samples, both for fermentation tube and membrane filter
techniques, shzll not be included in calculating the number of samples
taken each month for compliance with sampling frequency requirements.
Neither check samples nor special purpose samples shall be used to
determine compliance with maximum contaminant levels for coliform bacteria.

In addition there are requirements for record maintenance, routine
reports to the State and, in the event that a maximum contaminant level
is exceeded, for notification of the State and the public.

Note: The definitions of B. coli, the "coli-aerogenes group" and the
"coliform group" are considered equivalent (APHA 1965).
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Bacteriological Standards

World Health Organization Standards
International
1958
I. Recommended standards for treated water.

a. Coliformf bacteria shall not be detected in 90% of the samples
examined in any year, or the MPN index® shall be < 1.0.

b. No sample shall have an MPN index > 10.
c. An MPN index of 8-10 should not occur in consecutive samples.
d. See item d below.

IT. Recommended standards for untreated water.

a. The MPN index of 907 of the samples examined in any year should
be € 10,

b. No sample should show an MPN under > 20,

c. An MPN index 2 15 should not be permitted in consecutive samples.

d. When two consecutive samples show an MPN index 3 8, in the case
of treated water, or > 10 in the case of untreated water,
additional samples from the sampling point should be examined
immediately. Further investigation may also be desirable.

1963
These standards also allow for the use of the membrane filter technique.

I. Recommended standards for treated water.

Requirements are identical to those of 1958 International Standards.

fColiform group includes all aerobic and facultative anaerobic Gram-
negative non-spore-forming rods cap%ble of fermenting lactose with the
production of acid and gas at 35-37 C in < 48 hours.

gMPN index for coliform bacteria (in all cases here).
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If membrane filter technique used:

The arithmetic mean of numbers of coliform group organisms shall be
< 1 per 100 ml., and shall not exceed 4 per 100 ml. in two consecutive
samples or in more than 10% of the samples examined.

IT. Recommended standards for untreated water.

Requirements include all those of 1958 International Standards and
an additional requirement that no more than 40% of the number of coliform
microorganisms shown by the MPN index shall be faecal coliform bacteria.

If membrane filter technique used:

The arithmetic mean of the numbers of coliform group bacteria
determined shall be < 10 per 100 ml., and shall not be = 20 per 100 ml.
in two consecutive samples or in more than 10% of the samples examined.

1971

I. Standards recommended for piped supplies.

1. Water entering the distribution system.

(a)

(b)

Chlorinated or otherwise disinfected supplies.

Coliformf organisms should be absent in any sample of 100 ml.
If this standard is not met, an immediate investigation

into the efficacy of the purification process and the method
of sampling and testing.

Non-disinfected supplies.

E. colil should be absent in 100 ml. Occasionally, if
E. coli is absent, the presence of £ 3 coliform organisms

per 100 ml. may be tolerated. If this is exceeded the
supply should be considered unsuitable for use without
disinfection.

2, Water in the distribution system.

(1)

95% of the samples in any year should not contain any
coliform organisms in 100 ml.

' Faecal coliform group is defined as a Gram-negative non-spore-forming
rod which is capab%e of fermenting lactose with the production of
acid and gas at 44 C in < 24 hours.

iE. coli is regarded as a Gram-negative, non-spore-forming rod capable

of fermenting lactose with the production of acid and gas at both
37°C and 47°C in < 48 hours; it produces indole in peptone water
containing tryptophane and is incapable of utilizing sodium citrate
as its sole source of carbon.
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(2) No sample should contain E. coli in 100 ml,

(3) No sample should contain more than 10 coliform organisms
per 100 ml.

(4) Coliform organisms should not be detectable in 100 ml. of
any two consecutive samples.

If any coliform organisms are found the minimum action required is
immediate re-sampling. Additional investigation may be advisable,
depending on local conditions.

II. Standards recommended for individual or small community supplies.

The standard for piped supplies should be aimed at and everything
possible should be done to prevent pollution of the water.

It should be possible to achieve a coliform count of < 10 per 100 ml.
Persistent failure to achieve this, especially if E, coli is repeatedly
found, should lead to condemnation of the supply.

European
1961
Standards recommended for piped supplies.

1. Water entering the distribution system.
Coliformf organisms must be absent, whether the water is disinfected
or naturally pure. In either case, the presence of coliform
organisms calls for immediate investigation.

2. Water in the distribution system.
The presence of one or more coliform organisms in a 100 ml. sample
can be permitted in 5% of the samples examined if a positive result
is not obtained in two or more consecutive samples and at least 100
samples of 16y ml. each, regularly distributed over the year, are
examined.

When one 100 ml. sample shows the presence of coliform organisms, a
further sample from the sampling point should be examined immediately.
Additional investigation may be advisable, depending on local conditions.

1970

Standards are essentially identical to the 1961 European Standards.
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Frequency of Sampling for Bacteriological Examination

Treasury Department Standard - 1914
-none specified-
Public Health Service Standards
1925

The number and spacing of samples examined shall be sufficient, in

the judgement of the certifying authority, to indicate the quality of the
supply, wiih due regard to all facts known as to its source and protection.

(1)

(2)

(1)

(2)

(1)
(2)

U.s.

1943

The frequency of sampling and the location of sampling points on
the distribution system should be such as to determine properly the
bacteriological quality of the supply. This will be subject to
regulation by the certifying authority.

The minimum number of samples to be collected from the distribution
system and examined each month should be in accordance with the
number determined from the graph in figure B-/,

1946
See item (1) in 1943 USPHS Standards; frequency of sampling is now
subject to regulation by both the certifying authority and the
reporting agency.
See item (2) under 1943 USPHS Standards.

1962
Essentially identical to item (1) under the 1946 USPHS Standards.

The minimum number of samples to be collected from the distribution
system and e—amined each month are recorded in figure [§-|

Environmental Protection Agency Regulations - 1975

For community water systems:

The minimum number of samples to be collected each month are

recorded in figure B-/,



Minimum Number of Samples per Month

Figure B-1 Minimum Sampling Frequency for Bacteriological Examination

¥ USPHS 1943, 1946 e

USPHS 1962 -
S8 tskra 1075 '//&

Note: Number of samples to be determined by-

1
—
USPHS * if population is 525,000, to nearest 1 ®
£100,000 5 '
£2,000,000 10
>2,000,000 25

USEPA * if population is between 25 and 1000,
only one sample
P 4,690,000, 500 samples

5 6
10 Population Served 10 10
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For non-community water systems:

The supplies shall sample for coliforms in each calendar quar ter
during which the system provides water to the public.

For both community and non-community water systems, chlorine
residual monitoring may be substituted for not more than 75% of the
sampies required to be taken, subject to provisions described in the
Regulations and approval by the State.
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Frequency of Sampling for Bacteriological Examination

World Health Organization

All the International and European Standards have virtually
identical proposed requirements; there are a few differences in the
general recommendations; these are identified in the footnotes.

The frequency of bacteriological examination of a supply, and the
location of the sampling points should be such as to enable proper
supervision of the bacteriological quality of the water supply to be
maintained.

The frequency of examination of routine samples of naturally pure
water entering the distribution system and of water in the distribution
system, should be based on the size of the population served; these
examinations should be spaced out over time, according to the danger of
pollution, geographical situation, and protection of the source.

Trcated water, as it enters the distribution system from each
treatment point should be examined at least once a day. When safety
depends on disinfection, examination at a frequency of not less than once
a week is recommendedl.

Examination of disinfected water as it enters the distribution
system from each treatment point should be carried out at least once a
day. With supplies serving 10,000 people or less, only weekly sampling
may be practical; reliance will have to be placed on proper control of
disinfectant dosage. The interval may have to be even longer in the
smallest supplies®.

Water requiring disinfection should be examined at least qnce a day
as it enters the distribution system from each treatment point~.

In the case of supplies which do not require disinfection, but are
chlorinated as a precautionary measure, the frequency of examination
proposed below for non-disinfected water entering the distribution system
could be suitable®.

lOnly in 1958 and 1961 International Standards.
2Only in 1970 European and 1971 International Standards.
3Only in 1961 European Standards.

4Only in 1971 International, 1961 and 1970 European Standards.
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A check on the concentration of the chemical disinfectant should be
carried out several times a day at the treatment point, and preferably
at other points in the distribution system.

For non-disinfected water entering the distribution system, the
following maximum intervals between successive routine examinations are
proposed:

Population served Maximum interval between successive samples
< 20,000 1 month
20,000-50,000 2 weeks
50,001-100,000 4 days
> 100,000 1 day

Samples should be taken at all the points at which water enters the
distribution system.

For water in the distribution, whether disinfected or not ., che
following maximum intervals between successive samples and the minimum
numbers of samples to be examined in each month are proposed:

Maximum interval Minimum number of samples
between successive to be taken from whole
Population served samples distribution system each month
< 20,000 1 month 1 sample per 500 of
20,000-50, 000 2 weeks population per month
50,001-100, 000 4 days
> 100,000 1 day 1 sample per 10,000 of

population per month
Choice of sampling point should be made by expert advisors.

More frequent examination will be required under certain circumstances-
in the event of an epidemic or immediate dangor of pollution, among others.



-138-

Virological Standards

Virological standards are not mentioned in any of the U.S. Standards
and only the two more recent WHO Standards, the 1970 European and 1971
International, consider them. In both cases a standard, as such, is not
specified, it is merely stated that "if not even one plaque-forming
unit (PFU) can be found in one liter of water it can reasonably be
assumed that the water is safe to drink."

Neither methods nor sampling frequency are specified.
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Physical and Chemical Standards

U.S. Treasury Department Standard - 1914

It is recommended that water supplies be excluded from use when, in
the opinion of the Surgeon General, physical or chemical characteristics
render them definitely injurious to health or grossly offensive.

U.S. Public Health Service Standards

1925

Water should be clear, colorless, odorless, pleasant to the taste,
and should not contain an excessive amount of soluble mineral substances
nor of any chemicals used in treatment.

1943

(a) Water shall have no objectionable taste or odor, and shall not
contain an excessive amount of soluble mineral substances, nor
excessive amnounts of any chemicals used in treatuent.

(b) Salts of barium hexavalent chromium, heavy metal glucosides, or other
substances with deleterious physical effects shall not be allowed in
the water supply system.

1946
(a) See item (a) under 1943 U.S.P.H.S. Standards above.

(b) Salts of barium, hexavalent chromium, heavy metal glucosides, or
other substances with deleterious physiological effects shall not be
added to the system for water treatment purposes.

1962

Drinking water shall not contain impurities in concentrations which
may be hazardous to the health of consumers. It should not be excessively
corrosive to the water supply system. Substances used in its treatment
shall not remain in the water in concentrations greater than required by
good practice. Substances which may have deleterious physiological
effect, or for which physiological effects are not known, shall not be
introduced into the system in a manner which would permit them to reach
the customer. Drinking water should contain no impurity which would
cause offense to the sense of sight, taste or smell.



Physical Characteristics

Color
Odor
Taste
Turbidity

Inorganic Substances

Ammonia
Arsenic
Barium

Cadmium

Calcium
Carbon Dioxide, Free
Chloride
Chromium

Chromium (Cr+6 cnly)
Copper

Cyanide

Fluoride

Hydrogen Sulfide
Iron

Lead

Magnesium

Table B-1 Historicel Physical and Chemical Standards: u.s.
-, Ny - Ny -, Ny - ~
ol - ! ~ ol - ol -
g % g z g z g z
= 3 = 3 | 2 = E
. g . kS . L . 2
z 2 3 3 3 3 3 3
[ g U g 4] E (Y] g
; E ; g : g : g
g § g § g k g K
U.S.P.H.ﬁ. 1925 U.S.P.H.ﬁ. 1943 U.S.P.H.ﬁ. 1946 U.S.P.H.ﬁ. 1962
mg/1 mg/1 mg/1 mg/1
10-20° 202 202 152
none unobjec~ unobjec- unobjec-
pleasant tipnabie tipnable tlonable
5--10g 138 10B 5§
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0.05 0.05 0.01 0.05
1.0
0.01
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0.05 0.05
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1.0 1.5 0.8-1.7 1.4-2.4
0.3 0.39 0.39 0.3
0.1 0.1 0.1 0.05
100 125 125



Table B-1

Inorganic Substances (cont'd.)

Magnesium & Sodium Sulfate
Manganese

Murcury

Nitrate

Oxygen, Dissolved (Minimum)
Selenium

Silver

Sulfate

Total Hardness
Total Solids

Zinc

Caustic Alkalinity

Normal Carbonate Alkalinity
pH Range

Phenolthalein Alkalinity
Residual Alkilinity (Min.)

Sodium & Potassium Carbonates
Total Alkalinity

Organic Substances

Alkyl Benzene Sulfonates
Carbon Chloroform Extract
Phenolic Compound (as Phenols)

Recommended Limitl
Maximum Allowable2

Historical Physical and Chemical Standards:

Recommended Limitl
Maximum Allowable2

Recommende.d Limitl
Maximum Allowable2

U.S. (Continued)

Recommend ed Limitl
Maximum Allowable2

U.S.P.H.;. 1925 U.S.P.H.;. 1943 U.S.P.H.ﬁ. 1946 U-S.P.H.ﬁ. 1962
mg/1 mg/1 mg/1 mg/1
0.39 0.3 0.05
45
0.05 0.05 0.01
0.05
250 250 250 250
1,000 500-1,000 500-1,000 500°
5.0 15 15 5
none
120 120
see (s) see (s)
£ 10"
50"
see (t) see (t)
0.5
0.2
0.001 0.001
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®hysical Characteristics

Color
Odor
Taste
Turbidity

Inorganic Substances

Ammonia
Arsenic
Barium

Cadmium

Calcium
Carbon Dioxide, Free
Chloride
Chromium

Chromium (CR.+6 only)
Copper

Cyanide

Fluoride

Hydrogen Sulfide
Iron

Lead

Magnesium

Table B-1 Historical Physical and Chemical Standards:

Permissible3
3
Excessive

Maximum Allowable2

W.H.0. International 1958

Maximum Acceptable3

W.H.0. Internaticnal 1963

Maximum Allowable3

W.H.0. (Continued)

Maximum Allowable>

Recommended Limit5

Tolerance Limit2

W.H.0. European 1961

4 Toxic 4 Toxic Other Toxic
Other Substancgs Substances Other Substanc#s Substances Substances #Substances
mg/1 mg/l
52 502 54 50?
unobjec~ - unobjec- -
tionable - tionable -
5% 25P L 25° Y
g
N
]
0.5
0.2 0.05 0.2
1.0
0.01 0.05
75 200 75 200
oP oP
200 600 200 600 350 200-600
0.05 0.05 1 0.05
1.0 1.5 1.0 1.5 0.05
0.01 0.2 0.01
1.0-1.5 1.0-1.5 1.5
0.3 1.0 0.3 1.0 0.1"
0.1 0.05 o 0.1"
50 150 50 150 30
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Table B-1

Inorganic Substances (Cont'd.)

Magnesium & Sodium Sulfate
Manganese

Mercury

Nitrate

Oxygen, Dissolved (Minimum)
Selenium

Silver

Sulfate

Total Hardness
Total Solids

Zinc

Caustic Alkalinity

Normal Carbonate Alkalinity
pH Range

Phenolthalein Alkalinity
Residual Alkalinity (Min.)

Sodium & Potassium Carbonates
Total Alkalinity

Organic Substsnces

Alkyl Benzene Sulfonates
Carbon Chloroform Extract
Phenolic Compound (as Phenols)

Historical Physical and Chemical Standards:

W.H.0. (Continued)
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W.H.O0. International 1958 W.H.O0. International 1963 W.H.0. European 1961
4 Toxic 4 Toxic Other Toxic
Other Substancgs Substances Other Substancgs Substances Substances ﬁubstances
mg/1 mg/1 mg/1
500 1,000 500 1,000
0.1 0.5 0.1 0.5 0.1
50-100% 45t 50 3
~
&
25 1
0.05 0.01 0.05
200 400 200 400 250
2-10%
500 1,500 500 1,500
5.0 15 5.0 15 5.0
7.0-8.5 6.5-9.2 7.0-8.5 6.5-9.2
0.5 1.0
0.2 0.5
0.001 0.002 0.001 0.002 0.001



Table B-1 Historical Physical and Chemical Standards (Continued)

1Should not be exceeded if other more suitable supplies are available.

Presence in excess of the concentrations quoted constitute grounds for rejection of the supply.

These limiting concentrations are indicative only and can be disregarded in specific instances.

Substances that may affect the potability or acceptibility of water or may affect health if present in excessive amounts.
If present in piped supplies in excess of quoted concentrations, whatever practicable steps should be taken to adjust
4. the concentrations.

Units are milligrams per liter unless otherwise noted

aplatinum-cobalt: scale
turbidity units
threshold odor number
Recommended limits and maximum allowable average concentrations vary inversely with mean annual temperatures - see
separate section on fluoride standards.
for total dissolved solids
Monthly average, an average of up to 5 turbidity units may be allowed if disinfection is not hindered.
gAverage for 2 consecutive days.
iThe effective limit should be based on the total daily flouride intake of individuals in the area.
If the nitrate content exceeds the quoted limit, the population should be warned of potential dangers and/or should be
informed of other safer sources for infant feeding.
JIf less than 250 mg/1 sulfate present, magnesium up to 150 mg/1l may be allowed.
measured in milliequivalents per liter (mEq/1)
3.0 mg/1 after 16 hours' contact with new pipes
As water enters distribution system. 1In certain small installations up to 0.3 mg/l may be permitted.
9.3 mg/1l after 16 hours' contact with new lead pipes
°If less than 250 mg/1 sulfate present, magnesium up to 125 mg/l may be allowed.
Peor aggressive carbon dioxide
Standard is for iron and manganese together.
Calculated as normal calcium carbonate.
S1f chemically treated, 15 mg/l plus 0.4 times the total alkalinity (calculated as CaCO,).
If chemically treated, should not exceed hardness by more than 35 mg/1 (calculated as aaC03).
If treated with an aluminum compound.
Concentrations > 0.2 mg/l necessitate further analysis to determine the causative agent

e

u
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Physical Characteristics

Color
Odor
Taste
Turbidity

Inorganic Substances

Table B-2 Current Physical and Chemical Standards

World Health Organization

1970 European

1971 International

1975 USEPA

Ammonia
Arsenic
Barium

Cadmium

Calcium
Carbon Dioxide, Free
Chloride
Chromium

Chromium (CR+6 only)
Copper

Cyanide

Fluoride

Hydrogen Sulfide
Iron

Lead

Magnesium
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Other Toxic Toxic
Substances 5Substances Other Substai:ces Substances
mg/1 mg/1° mg/1
52 502
unobjec~ unobjec-
tjonable tipnable
b s38 pbsc_ sbud
0.05
0.05 0.05 0.05
1.0 1.
0.01 0.01 0.010
75 200
0
200-600 200 600
0.05
£ 0.05 0.05
0.05 0.05 1.5
0.05 h 0.05
1.0-1.78 0.8-1.7%° 1.4-2.48
0.05
0.11 0.1 1.0
. 0.13 . 0.1 0.05
30 3ot 150
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Inorganic Substances (Cont'd.)

Manganese

Mercury

Nitrate

Oxygen, Dissolved (Minimum)

pH
Selenium
Silver
Sulfate

Total Hardness
Total Solids
Zinc

Organic Substances

Anionic Detergents

Carbon Chloriform Extract
2,4-p°

EndrinP

Lindaneq
Methoxychlorr
Mineral 0il
PAH®

Table B-2 Current Physical and Chemical Standards (Continued)

World Health Organization 1975 USEPA
1970 European 1971 International
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Other Toxic 4 Toxic
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mg/1l mg/15 ng/1l
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0.001 0.002
50~100 45" 45
2 5
7.0-8.5- 6.5-9.2
0.01 0.01 0.01
0.05
250 200 400
2-10" 20 10"
500 1500
5.0 5.0 15
0.2 0.2 1.0
0.2-0.5
0.1
0.0002
0.004
0.1
0.01 0.30
0.0002 0.0002
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Table B-2 Current Physical s'd Chemical Standards (Continued)

World Health Organization 1975 USEPA

1970 European 1971 International

Recommend ed Limitl
Tolerance Limit2
Highest Desirable
Maximum Permissible

Upper Limit
Maximum Permissible3

Other Toxic Toxic

Substances 5Substances Other Substancgs Substances
Organic Substances (Cont'd.) mg/1 mg/1 mg/1

Phenolic gompounds (as Phenols) %0.001
Toxaphene 0.005
2, 4, 5-TP Silvex" 0.01

A

If presentiin piped supplies in excass of quoted concentrations, whatever practicable steps should be taken to adjust
the concentrations.
Presence in excess of conceatrations quoted constitute grounds for rejection of the supply.
If limits exceeded, public and State must be notified.
Substances that =2y affect the potability or acceptability of water, or may affect health if present in excessive amounts.
_Units are milligrams per liter, except for pH and where otherwise noted.

WS W N

2platinum-cobalt scale.

Turbidity units (TU).

Monthly average, an average up to 5 TU may be allowed 1f disinfection is not hindered.

Average fo: 2 consecutive days.

For aggressive CO,.

3.0 mg/1 after 16 hours' contact with new pipes.

Recommend2d 1limits and maximum allowable mean concentrations vary inversely with mean annual temperature - see section
on fluoride standards.

The effective 1limit should be based on the total daily fluoride intake of individuals in the area.

As water enters distribution system. In certain small installations up to 0.3 mg/l may be permitted.

=
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Table B-2 Current Physical and Chemical Standards (Continued)

i0.3 mg/1 after 16 hours' contact with new lead pipes.
If < 250 mg/1 sulfate present, magnesium up to 125 mg/l may be allowed.
llf € 250 mg/1 sulfate present, magnesium up to 130 mg/l may be allowed.
PIf the nitrate content exceeds the quoted limit, the population should be warned of potential dangers and/or should be
informed of the safer sources for infant feeding.
"Measured in milliequivalents per liter.
V2,4 - Dichlorophenoxyacetic acid.
p1,2,3,4,10, 10-hexachloro-6, 7-epoxy-1, 4, 4a, 5, 6, 7, 8, 8a-octahydro-1, 4-endo, endo-5, 8-dimethano napthalene.
ql, 2, 3, 4, 5, 6—hexachlorocyclohexane, gamma isomer.
r(l, 1, 1-Trichloroethane). 2, 2-bis (p-methoxyphenyl).

Polynuclear aromatic hydrocarbons; the limit is based on the concentration of six representative PAH compounds :
fluoranthene; 3, 4-benzfluoranthene; 11, 12-benzfluoranthene; 3, 4-benzpyrene; 1, 12-benzperylene; indeno (1, 2, 3-ed)
pPyrene.

ClOHIOClq - Technical chlorinated camphene, 67-69 percent chlorine

2, 4, 5-Trichlorophenoxypropionic acid.

-8%1-



Physical Characteristics

Color
Odor
Turbidity

Inorganic

Alkalinity

Ammonia (as N)

Arsenic

Barium

Boron

Cadmium

Chloride

Chromium

Chromium (VI)

Copper

Dissolved Oxygen
Fluoride

Iron

Lead

Magnesium & Sodium Sulfate
Manganese

Mercury

Nitrate (as N)

Nitrate & Nitrite (as N)
Nitrite (as N)

pH

Selenium

Silver

Sulfate

Total Dissolved Solids
Total Nitrogen
Uranylion

Zinc

Table B-3 Current Raw Water Quality Standards

FWPCA Criteria 19681’5 WHO International - 19632 NAS-NAE Criteria - 19723’5
Permissible4 DeSirable4 Maximum Allowable Recommended Limit
752 102 3002 752

~0 - ~0
~oP -
mg/1 mg/1 mg/1 mg/1
30-500
0.5 < 0.0 0.41 0.5
0.05 0 0.05 0.1
1.0 0 1.0
1.0 0
0.01 0 0.01 0.010
250 « 25 250
ALY 6.05
0.05 0
1.0 d 0 1.5 1
€ Ac, £ 3 r~ caturated
0.8-1,78 1.5 1.472.4
0.3¢ ~c 50 0.3
0.05 0 0.05 0.05
1000
0.05¢ 0 sf 0.05t
0.002
10 1
10 ~0
1
6.0-8.5 - - 5.0-9.0
0.01 0 0.01 0.01
0.05 0 -
250 < 50 - 250
500¢ < 200° 1500
- - 1
5 0 -
5 ~O 1.5 5

-6%1-
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Organic

Alkyl Benzene Sulfonates
Carbon Alcohol Extract
Carbon Chloroform Extract
Cyan&de
MBAS
0il1 & Grease
Pesticides:

Aldrin

Chlordane

DDT

Dieldrin

Endrin

Heptachlor

Heptachlor Epoxide

Lindane

Methoxychlor

Organic Phosphates &

Carbamates

Toxaphene
Herbicides:

2,4-D

2,4,5-T

2,4,5-TP

2,4-D+2,4,5-T+2,4,5-TP
Phenclics (as Phenols)
Biological Oxygen Demand
Chemical Oxygen Demand

Radioactivity

Gross alpha
Gross beta
Radium-226
Strontium-90

Table B-3 Current Raw Water Quality Standards (Continued)

. 1
FWPCA Criteria 19681,5 WHO Interna:tional - 1963

Permissible4 Desirable4 Maximum Allowable

NAS-NAE Criteria - 1962

3,5

Recommended Limit

0.5
0.15 < 0.04 0.5
0.20 0 0.2
0.05 ~0
~0 0 1
0.017 0
0.003 0
0.042 0
0.017 0
0.001 0
0.018 0
0.018 0
0.056 0
0.035 0
0.01! 0
0.005 0
0.1 0
0.001 0 0.002
6
10
pCi/1 pCi/1 pci/1
0.5;l
1,000 < 100 5%
3 <]
10 < 2

0.001
0.003
0.05
0.001
0.0005
0.0001
0.0001
0.005
1.0
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Table B-3 Current Raw Water Quality Standards (Continued)

FWPCA Criteria 19681’S WHO International - 19631 NAS~NAE Criteria - 19723’5
Permissible4 Desirab1e4 Maximum Alloswable Recommended Limit
Bacteriological in 100 m19  in 100 m19 MPN/100 ml MPN/100 m1”
Coliforms 10,000 < 100 0-50, 000° 20,000
Fecal Coliforms 2,000 < 20 2,000

Surface water criteria for public water supplies.

Standards of quality for water sources.

NAS-NAE Committee on Water Quality Criteria for public water supply sources.

Tne number 0 is used in place of the originrl term - "abseut"; approximately (~) 0 in nlace of "vi:stually absent."

It is assumed that the following treatment, and no more, 1s used: coagulation (< 50 mg/. alum, ferric sulfate or
copper as with alkali addition, but without coagulant aids or activated carbon, sedimentation (€ 6 hrs.), rapid
sand filtration (€ 3 gal/sq ft/min) and disiufection with chlorine (without consideration to concentration or
form of chlorine residual).

N =

w bW

Bplatinum cobalt scale.

Turbidity units,
EMonthly mean.,

Individual sample.

Filterable.

Assuming ammonia content is < 0.5 mg/l.
8 imits vary with average temperature; are upper limits in 1962 USPHS Standards, see section on fluorides.
:Limits vary with average temperature; are identical to 1975 EPA limits, see section on fluorides.
Soluble.
JExclusive of nitrate.

1 ethylene blue active substances.

As parathion in cholinesterase inhibition.
M8 measured by the Low-Flow Sampler.

oIf exceeded, radiochemical analysis is required.

Excluding potassium-40, and if lead-210 and radium-228 are virtually absent.

The amount of radiocactivity detected in a water source should not be greater than can be reduced by the selected

treatment process to values which fall within the limits established for drinking water.

qMonthly arithmetic average.

BGeometric mean density.

Different treatment processes are recommended for intervals within this range.
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Gross alpha activity
Gross alpha act}léty
(including Ra but
excluding radon & uranium)
Gross beta activity
Gross beta concentration
(in_the absence? of
sp 0 and alpha emitters)
Radium-226
Radium-226 & Radium-228
Strontium-90
"Tritium

Table B-4 Current and Historical Radiological Standards

WHO
InternatZonal European
USEPA 1°75% 1963
1 Maximum 1958 Maximum 1971 1961 1970
USPH521962 Permissible Recommended Acceptab%e Recommended Recommended Recommended
Limit Level Limit3,4 Limits3:4  Limit3,5 Limit3,4 Limit3,5
pCi/1 pCi/1 pci/1 pCi/1 pCci/1 pCi/1 pCi/1
- - 1 - 3 1 3
- 15 - - - - -
- - 10 - 30 10 30
1000 - - 1000 - - -
3 - - 10 - - -
- 5 - - - - -
10 8¢ - 30 - - -
c b b
- 20,000 - - <1000 - <1000

*It is also required that the average annual concentration of beta
radionuclides in drinking water shall not
greater than 4 millirem/year.

listed (see above table).

Exposure'.

-¢sli-

particle and photon radioactivity from man-made
produce an aniual dose equivalent to the total body or any internal organ
The concentration of Strontium-90 and Tritium causing 4 mrem dose equivalents are

The concentration of other man-made radionuclides causing 4 mrem dose equivalents shall
be calculated on the basis of a 2 liter/day drinking water intake using the 168 hour data listed
Permissible Body Burden & Maximum Permissible Concentration of Radionuclides in Air or Water for

If 2 or more radionuclides are present, the sum of their annual dose equivalent shall

1Earlier USPHS Standards and the 1914 Treasury Department Standard do not mention radioactivity.

zlf these concentrations are exceeded, a water supply shall be a

total intakes of radioactivity from all sources are within

for control action.
3

If these levels are exceeded, determination of the nature of
deciding on the safety of the water.
figures include both naturally occurring radioacrivity and

(The 1970 % 1971 WHO

in "Maximum
Occupational
not exceed 4 mrem/year.

pproved by the certifying authority if surveillance of

the limits recommended by the Federal Radiation Council

the radionuclides present will be necessary before

Standards specify procedures for radioanalysis.)

that from effluents and fall out.

These



Table B~4 Current and Historical Radiological Standards (Continued)

4in drinking water for lifetime use for large populations.
5applicable to the mean of all the activity measurements during a 3-month period.

6If exceeded, the State and the public must be notified.

gligibly small fraction of the specific limits, where

%In the 1962 USPHS Standards absence is specified to mean a ne
isted 1limit for Radium-.26.

the limit for unidentified alpha emitters is taken as the 1
be detected at levels £1000 pCi/l the appropriate authoritfes should be consulted.
cAverage dnnual concentration assumed to produce a total body or organ dose of 4 mrem/year.
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Table B-5 -- JSCNITND WATER STAKUATS -
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Table B-5 (cont.) --
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U.S. Environmental Protection Agency Regulations - 1975

World Health Organization Standards

International

1971
(a) The presence of barium, beryllium, cobalt, molybdenum, nitroloacetate,
thiocyanate, tin, uranium, and vanadium ip drinking water should

be controlled.

(b) Care should be taken to ensure that chemicals, especially new
chemicals, used in water treatment do not entail a toxicity hazard.

(c) Attention should be paid to the possible presence of pesticide
residues in water supplies.
European
1961
Attention should be paid to the concentration of synthetic
detergents in piped supplies of drinking water.
1970
(a) The presence of mercury, tin, vanadium, beryllium, molybdenum,
silver, uranium, and thiocyanate in drinking water should be
conirolled.

(b) See item (b) under 1971 International Standards above.

(c) See item (c) under 1971 International Standards above.
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Fluoride Standards

The recommended control limits for fluoride in the 1962 USPHS, 1975
USEPA, 1970 European, and 1971 International Standards vary with the
average maximum temperature in the area. All the fluoride standards are
based on those recommended in the 1962 USPHS Standards. These are
presented in (the table below).

Annual average of maximum daily Recommended control limits
air temperatures Fluoride concentrations in mg/1
Degrees Celsius Degrees Fahrenheit Lower Optimum Upper
b b
10.0-12.0 50.0-53.7 2.9 1.2 1.7
12.1-14.6 53.8-58.3 0.8 1.1 1.5
14.7-17.6 58.4-63.8 0.8 1.0 1.3
17.7-21.4 63.9-70.6 0.8 0.9 1.2
21.5-26.2 70.7-79.2 0.7 0.8 1.0
26.3-32.5 79.3-90.5 0.6 n.7 0.8

ap11 except the 1975 EPA Regulations specify that this should be
based on temperature data obtained over a minimum of 5 years.

bNo lower limit in this temperature rangs in the 1975 EPA Regulations.

The 1962 USPHS Standards state that the presence of fluoride in
average concentrations greater than two times the optimum values in
the above table constitute grounds for the rejection of the supply.

The 1975 EPA Regulations only specify maximum permissible levels
for fluoride, these are also two times the optimum values in the above
table.

The 1970 European and 1971 International Standards only specify the
lower and upper control limits in the above table.


http:10.0-12.0b
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Frequency of Physical and Chemical Examination

U.S. Treasury Department Standards - 1914

-none-

U.S. Public Health Service Standards

1925

Ordinarily, sample evidence that the water is acceptable in

appearance, taste and odor will be sufficient; and detailed analysis will
be required only when there is some presumption of unfitness by reason
of physical or chemical characteristics.

(a)

(b)

(a)

(b)
(c)

1943
Ordinarily, analytical evidence that the water satisfies the physical
standards (see Table 1), and the standards for lead, fluoride,
arsenic and selenium (see Table 1)}; and simpel evidence that it is
acceptable for taste and odor will he sufficient.
Ordinarily, analysis for these substances need be made only semi-
annually, unless there is some presumption of unfitness because of
these elements, in which case examinations for these should be more
frequent.

1946

Same as item (a) above with the addition of hexavalent chromium to
the l1list of chemicals.

See item (b) above.
In cases where such substances are not likely to be present in the
water supplies, semi-annual examinations may be unnecessary.

1962

The frequency and manner of sampling shall be determined by the

Reporting Agency and the Certifying Authority.

Normally, samples from representative points in the distribution

system should be examined for physical characteristics (see Table 1)
one or more times a week.
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Normally, analysis for chemical substances (see Table 1) need be
made only semiannually unless there is some presumption of unfitness
because of the presence of undesirable substances, in which case
determinations for the substance should be more frequent, and an
exhaustive sanitary survey should be made to determine the source of
pollution.

Where the concentration of a substance is not expected to increase
in processing and distribution, compliance of the source water with the
standards may be sufficient,

In cases where certain substances are likely to be consistently

absent from a water supply, or below levels of concern, semiannual
examination for these may be omitted.

U.S. Environmental Protection Agency Regulations - 1975

Turbidity:

Samples from representative entry points to the distribution system shall
be analyzed for turbidity at least once a day.

(A) Sampling and analysis for inorganic chemicals:

Community water systems using surface water sources - at yearly
intervals

Community water systems using only ground water sources - at
three-year intervals,

Non-community water systems (for nitrate only*) - frequency
determined by State.

(B) Sampling and analysis for organic chemicals:

Community water systems using surface water sources - frequency
determined by State in no event less than at three-year intervals.

Community water systems using only ground water sources — frequency
determined by State.

In addition, there are requirements for record maintenance and
routine reports to the State of the results of analyses. Specific
requirements regaiding resampling and notification of the public and
State, in the event that a maximum contaminant level is exceeded, are
also laid down. These have been omitted here to maintain brevity.



Table B-6 --

W.H.0. Standards:

Frequency of Chemical and Physical Examination

Type

(1) Examination for toxic
substances (see Table 1)

(2) Complete chemical examination:

(a) 4if £ 50,000 inhabitants
served

(b) 4if = 50,000 inhabitants
served

(3) Short chemical examination*:

(a) if € 50,000 inhabitants
served

(b) 4if = 50,000 inhabitants
served

All 5 sets of standards recommend:

*examination for:

Minimum Frequency

International European
1958 1963 1971 1961 1970
once every once every once every once every once every
3 months 3 months year year year
once every once every once a year once a year once a year
3 months 3 months
twice a year twice a year once a year once a year once a year
- - once a month once a month once a month

a) The frequency of examinations for toxic substances should be increased

twice a year

twice a year

twice a year

when subtolerance levels are known to be present in the source of
supply, or such potential pollution exists.

b) More frequent examination may be required for control of water
treatment processes.

c) For new or proposed sources frequent examination for toxic substances

and general chemical analysis will be required, depending on local

conditions.

appearance, color, odor, taste, temperature, methyl orange alkalinity, oxidizability,

ammonia, nitrite, chloride, and free and total residual chlorine in chlorinated water.

-091-
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Sampling Schedules for Radiological Examination

U.S. Public Health Service Standards - 19622

The frequency of sampling and analysis for radioactivity shall be
determined by the Reporting Agency and Certifying Authority after
consideration of the likelihood of significant amounts being present.

Quarterly samples composited oveEzg periogoof three months are
recommended when concentrations of Ra or SR™" may vary considerably.
Samples for determination of gross activity should be taken and analyzed
more frequently.

U.S. Environmental Protection Agency Regulations - 1975

The regulations regarding monitoring frequency are extensive; some
of the more important requirements are summarized below.

Monitoring frequency for gross alpha particle activity, radium-226 and
radium-228:

At least once every 4 years following procedures prescribed in the
Regulations. When ordered by the State, more frequent monitoring shall
be conducted in the vicinity of operations which may contribute alpha
particle radioactivity to either ground or surface water sources, or if
other processes may increase the concentration o€ radiocactivity in
finished water.

Monitoring frequency for man-made radioactivity:

At least every 4 years for surface water, following procedures
presented in the Regulations. At the discretion of the State, supplies
using only ground water may be required to monitor man-made radioactivity,
Source waters contaminated by effluent from nuclear facilities shall be
monitored quarterly for gross beta particle and iodine-131 radioactivity,
and annually for strontium-90 and tritium. Procedures for these are
specified in the Regulations.

Specific requirements regarding resampling and notification of the
public and the State, in the event that a maximum contaminant lev-i is
exceeded, are also laid down.

2UspHS Standards prior to 1962 do not mention radioactivity.
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World Health Organization

A. International Standards
1958

Samples should be collected at consumers' taps, sources of supply,
and relevant points throughout the system. Frequence of sampling is
not mentioned.

1963

Samples from consumers' taps, sources of supply, and relevant points
throughout the system should be collected and examined as frequently as
possible.

Daily sampling is recommended for detection of gross beta concentration.

Samples should be collgﬁted dai}g, or less frequently if necessary,
for the determination of Sr or Ra activity; these samples may be
composited over a period no longer than three months before examination.

1971

The frequency of sampling and choice of methods used should take into
account the fluctuation of observed activity levels of radionuclides in
the water, the vicinity of major sources of radiopollution, and the risk
of contamination.

Where it is suggested that tritium (3H) from effluents or fall out
may be present in the water, examinations for this radionuclide should
be carried out.

B. European Standards

1961

Samples both from sources of supply and distribution system should
be collected.

Recommended frequency of sampling is same as that for chemical
examination.

1970

See 1971 International Standards.



