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SULFUR SURFACE BOND HOUSING

Issues Narrative

This project was reviewed informally on January 29 and 30 by John Colby,
SER/H and Merrill Conitz TA/OST at S~n Antonio. The environmental aspe~ts

were further reviewed in Washington on February 11, with Wendell Anderson,
SER/ENGR; Noel Raufaste and Geoffrey prohnsdorff of NBS, David Black of
SwRI,Jan Platou and Harold Fike of the Sulfur Institute and Henry Arnold
and Merrill Conitz of TA/OST.

The two principal issues discussed were on the optimum combination of
materials in wall construction for maximum economic benefit and the
potential environmental hazards of sulfur bonded housing.

At the time"of the visit to San Antonio, SwRI had constructed four wall
panels of mud blocks in addition to the" concrete block panels that had
been constructed earlier. Two of the test panels were coated with burlap
in different configurations prior to the application of sulfur, one was
left uncoated, and one'was coated with latex to compare the bonding of
latex to mud with that of sulfur.

In order for the sulfur technique to be appropriate for housing that will
benefit the' very poorest segment of the population, it is necessary to
find ways of combining it with wall materials that have practically no
cost. Mud, mud blocks,thatch, fiber mats,. woven bamboo are all examples
of wall materials that have been considered as possible candidates for
sulfur applications. At this time, mud block walls seem to offer the
greatest potential and these·are being investigated.

While molten sulfur bonds readily' to most any material, ordinary mud
blocks lack the cohesive strength to retain a sulfur coating. The
hardened sulfur tends to separate in sheets taking the outer surface of
the block. ~tith it .. To overcome this problem, ~SwRI has experimented with
a covering of burlap over the blocks prior to the application of sulfur.
While this overcomes the problem of sulfur flaking off in sheets there
are some questions remaining as to its appropriateness 'such as the cost
.and availability of burlap and the possibility of its eventual deteri6~

ration. In view of these uncertainties, it was felt that some alternatives
should be investigated. The possible alternatives in the application of
sulfur to mud blocks which were identified during the visit were as
follows:

(1) burlap sheets held between courses (already constructed)'

(2) . burl ap sheets nail ed on (al ready constructed)

(3) burlap imbedd~d durin9 formation of the blocks

(4) fibers imbedded during formation of the blocks
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(5) blocks painted with reinforced sulfur before stacking

(5) blocks with at least one (outer) surface impregnated by dipping

(7) conventional blocks but with fibers (grass, sisal, etc.)
placed in joints during construction of walls

(8) blocks with intermediate surface treatment such as asphalt
or latex

SwRI vlill begin testing the most promising of these alternatives for
possible use during the African phase.

The question of the effect of ~ging on sulfur coatings has been raised.
S\~RI agreed to conduct strength tests on blocks cut from the sulfur
bonded building on their campus which was constructed more than twelve
years ago.

The chief economic advantage of applying sulfur on walls made of conven
tional concrete block is in the savings of both cost and time in the use
of sulfur bonded lintels and perimeter beams as replacements for reinforced'
concrete.

It j~, however, difficult to draw up specifications for the construction
of such beams and lintels given the probability of variations in block
strength, sulfur formulation and thickness of application. It was agreed
that on site performance testing was probably the most reliable. SwRI
will draw up specifications for the construction of beams and lintels as
well as specifications for performance testing.

The environmental 'question was raised by Robert Snell, SER/ENGR in a memo
dated January 19, 1976. Mr. Snell expressed concern about the levels of
S02 and S03 in a sulfur bonded house that accidentally cought on fire.
This question had already been covered in an article by John Dale in the
S;aJRI report enti tl ed "Techni ques for Sul fur Surface Bond i ng for Lovi Cos t
Housing." SwRI, however, agreed .to.provide additional information to
satisfy this concern and any others that might be raised in the future.
Two reports from the National Safety Council are attached. David Black
of SwRI further agreed to discuss these findings \~ith SER/ENGR personnel
in Washington on February 11. Unfortunately neither Mr. Snell nor
t1r. Vogel were able to attend the February 11 meeting, but Mr. Anderson
capably represented their office. Noel Raufaste and Geoffrey Frohnsdorff
of NBS also agreed to review the material and attend the meeting as
disinterested experts. The Office of Toxic Substances of EPA was invited
to attend but declined on the basis that they had no one who was an
authority on sulfur' and did not feel that it was a potentially harmful
substance. Those present felt that the material provided by SwRI adequately
ans~/ered the concerns expressed and that there should be no problem in
proceeding with the project. Mr. Anderson stated that had Mr. Snell seen
the earlier report prepared by SwRI, he would probably not have felt it

--- _. -.- _.-:--_.. '--.':' ... _.:. .... '.-'---:_."::-:-.'::~--~' ~~-. ~--



necessary to raise this issue. Nevertheless it was useful to have the
question reviewed by a capable panel. David Black offered to conduct
soil tests in the vicinity of the building at SwRI for the presence of
sulfuric acid.

- ~.- _._----_.-.,
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UNITED STATES GO vERNMENT

]i,1emorandum
TO

FROM

See Distribution

TA/OST, Merri~

DATE: 3/2/76

SUBJECT:

~OIO·1I0

Report of Travel to Southwest Rese~rch Institute, San Antonio, Texas

The purpose of this trip was to review the Sulfur Bonding Project and
observe research progress that has taken place since the completion
of the Colombia phase. The trip also provided an opportunity to discuss
progress in the Substitute Materials small research project which was
recently started by SwRI. John Colby, SER/H accompanied me on this
trip. John has an extensive background in developing country housing
and contributed substantially to the; review. .

The principal issues in the sulfur project were of finding an optimum
combination of sulfur and wall material and potential environmental
hazards. Since the Colombia phase, during which sulfur was used
successfully to bond conventional concrete blocks, an attempt has been
made to find ways of applying the sulfur to cheaper basic materials
such as mud blocks. It is felt that the full economic benefit potential
of the sulfur technique can only be realized when very cheap materials,
such as mud blocks, are used as the basic construction material.
Experimental work wi th sul fur and mud blocks \'1as examined and suggesti ons
made for additional tests. A more detailed discussiori is found in the
attached PAR.

Shortly before our trip to San Antonio, SER/~NGR raised the question
of possible harmful effects of sulfur .on the inhabitants of houses
bonded by this technique. While the report of the Colombia phase
covers this issue, SwRI agreed to provide more information on the
environmental question. This material was also reviewed~uring the
visit. David Black agreed to come to Washington the following week
to present this material to SER/ENGR.

The second day of the visit coincided with a visit to SwRI by three
United Nations housing development experts. The three included
Dr. E. Paul Mwaluko, Director of the U.N. Center for Housing, Building
and Planning, his Deputy, Mr. Lev Lyubimov, and Technical Advisor,
Bruce Hyl and. Dr. Mwa1uko presented a revie\'1 of problems to be discussed
at the forthcoming Habitat conference and his associates discussed
various a~pects of the work of the center.

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan
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The small research project in Substitute Materials is proceeding on
schedule. Mr. John Funnell, Project Manager, has collected an impressive
amount of background material and has selected representative countries
whose resources and imports will be examined in detail for possible
substitution opportunities.

Distribution:

SER/ENGR~ John Rixse
SER/H, John Colby
TA/OST, Henry Arnold
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SOUTH\I\TEST RESEARCH INSTITUTE
8500 CULEBRA ROAD • POST OFFiCE DRAWER 28510 • SAN ANTONIO, TEXAS 78284

28 January 1976

Office of Science & Technology
(TA/OST)

Agency for International Development
Department of State
vVashington, D. C. 20523

Attention: Mr. Merrill W. Conitz

Subject: Contract No. AID/ ta-C-1057
SwRI Project No. 11-3853

Dear Merrill:

The question has been raised concerning the generation and
buildup of sulfur trioxide and sulfur dioxide ~s a potential health
hazard when the -sulfur coated wall houses are occupied. In
research work done by D. L. Chamberlain, Jr. at Stanford Research
Institute for The Sulphur Institute in 1962 it was determined that
"Accelerated weathering experim ents on pur e sulfur surfaces agreed,
qualitatively, with outdoor weathering experiments, and indicated that
the surface loss from sulfur films by oxidative processes would be
negligible under ambient natural conditions. Among the com po nents
of an accelerated enviromn e nt, temperature \'ilaS the most im.portant,
and losses due to sublimation be gan to be important at about 80-90 0 C
(175-195 OF). It (The maxim urn block body temperature in the hot
Southwest is 140 of.} .' They also found that the influe nce of UV light,
ozone, and water vap or of much less importance than the temperature
effect.

Table IV shows the results of several experiments conducted
at various temperatures. No measurable S02 or H 2S \Vas determined
using coulometric titration. The S02 values that were calculated
from the barium sUlfate formation are highly unreliable as pointed
out by the author since O. 06lg of sulfur Vi.'as sublimed near lOODe
(212°F) as opposed to O.017g of sulfur oxidized. The author states
JtFurther~the observed oxidation probably occurred with the sulfur
vapor, rather than by attack of oxidants upon the solid suliur surface. n

Even using these data at the room temperature experiments, the

S A-N ANT 0 N 10. H 0 U S TON. CoO R PUS C H R 1ST I, T E X AS. AND IN ASH IN G TON. D. (
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Mr. Merrill i Conitz
28 January 1976
Page 2

concentration varies from 0 to O. 6 ppm~ well below the threshold
limit value (maximwn acceptable concentration averaged over a
normal working day) of 5 ppm recornmendedby the American
Conference of Governm ental Industrial Hygienists. In these studies
it is specifically mentioned that no 80

3
,..ras ever form.ed.

Our experience with the . sulfur coated building here at the
Institute over its 13 year history has.never indicated any problem
of S02 or HZS generation.

The second question raised was that of ingestion of the sulfur
by hwnans. Sulfur and molasses has long been used as a mild
laxative, while sulfur tablets and pills are currently used for certain
dermatological problems.. Sulfur is also an important elem.ent fed
to farm. animals in salt and mineral blocks.

In the sulfur mining industry, workers routinely work around
sulfur relay stations and holding tanks where up to 50 thousand tons
of molten sulfur are stored. To our knowl edge there has not been
any problem .from the sulfur or vapors as a health hazard in the
70 odd years the Frash process has been operating.

The specific. problem of sulfur containing 2 to 3 percent of
dicyclopentadiene plasticizer may be different than that of elemental
sulfur, however, it is not expected to be. The fact that such a

. small quantity of plasticizer is available, plus the fact that
dicyclopentadiene is us ed in perf um.es no problem is envisioned. The
only way to determ.ine exactly what affect additives would have would
be to conduct exhaustive long term studies on this as has been done
on elemental sulfur.

Attached are copies of the National Safety Council l s Data Sheets
592 and 612 7 dealing with the handling of molten and solid sulfur
respectively. According to the National Safety Council there are no
known systemic or chronic effects from elemental sulfur" and no
permanent systemic effects from either S02 or H 2S.

In summary we envision no problem.s of any gas generation nor
any problem if any of the wall coating is ingested by children.

Sincerely,

c:~, c?~:Ly
Alien C.. Lud,vig ? \
Senior Research Engineer \
Process Research & Engineering

ACL:m.m.
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This deto sneat was prapared for the Engineering and Resedfci,
Committee of the Fertilizer Section, National Safety Council,

- .-. 425 North Michigan Ave., Chicago 60611,
and is published by the Council

lELEMEN'"TAL SULFUR, when Uses
pure, is a yellow, crystalline solid'. . 3. Along with salt, limestone,
Its melting and freezing points lie and fuels such as coal and petrole-
between 230 F and 2461 F; they de- urn, sulfur is often considered to be
pend on its previous history and on one of the four basic raw materials
its rate of heating and cooling.-of -chemical industry (Fig. 1).
At approximately 320 F, there is an Eighty-five per cent (approximately,
abrupt change in the properties of in 1965) of the elemental sulfur-
liquid sulfur. Above that tempera-./".- consumed in this country is burned
ture, it is too viscous to pump. Be- . to sulfur dioxide for conversion to
low approximately 320 F, it is only sulfuric .acid. -Users requiring solid
moderately viscous.%. Liquid, molten sulfur account for less than ten per
sulfur is, therefore, normally han- .cent or the elemental sulfur con-
died at 270 F to 29q F. -At these su~ed. Seventy-five per cent of the
temperatures it is not, corrosive' to elemental sulfur consumed in the
steel or aluminum:"except in the· - U.S. is produced by the Frasch
presence of trapped water or acid. process, and the rest is recovered
_2.- Sulfur is not soluble in water, .. from hydrogen sulfide.u . 12

but is moderately soluble in many 4. About ninety per cent of the
other liquids.5 Other properties of element,d sulfur used in this cou'ntry
:i:quid sulfur are given in·Table 1. is. shipped in the liquid sta~e. There

are numerous economic and practi
cal advantages to producers and to
consumers in shipping su1fur as a

. liquid rather than as a solid. Not
the least of these is the elimination
of dust explosions. Although some
liquid sulfur was shipped by rail as
early as 1946, the shift to liquid·
shipments was slow until about
1955. Since then, Lie development
of barges and ships for liquid sulfur

. and the establishment of distribution
terminals in .the major consuming
areas· have revolutionized the trans
portation of sulfur.n•.u. u

Containers

5. Liquid sulfur is shipped in tank
trucks, railway tank cars, ·tank
barges, ~'1d tank ships. Tanks ar~

co'mmoniy mad~ of steel~ which does

~~~"""::':"':"':"":'"'''"''':'':''''':-:-:_-.-'.~~••'''''._.:'''!':'.,_''l'''l•• r.'''''''~~.~~-'...'''',:T''',.:.~:,_,,,..;.:_"'!"'•• :...._<..,...;•..~...•-.~--.........~.....-~-----.. .,...-.-=:""';,.,.._-.-_-.,.. -:-----.,.,.....~---_.-..-------,-
.- >C ':- ..;. :--: : • - .:.- & :;.;: ."-. _ _ • -'i'

---.

fig. 1. The demand for sulfur n.cessitat~s large facilities such as the 24,000·'on louisiano 8,;mslone,
shown· dOCKed at a 90.00().ton capacity terminol. Hazard, of storing and transporting liquid sulfur
are nduced by Yenting, whichprewents accumulation of toxic and flammable hydrag" sulfide.



10 p::r cellt or k-S$ :lre nc~rly 110n
cxp!osivc.:L

Personcl protective equipmen~

16. Employccsworking with
bulk sulfur should be provided with
personal protective equipment. r\
minimum Jist includes dust-tight
goggles amI a safety hat.

. 17. Eye pro/eel/oil. \Vhen con
ditions arc dusty enough to cause
eye irrit:ltion, dust-tight· sa[cty gog- 
gles should be available to those
WI10 nmy require them. Plastic or .
rubber fr~mes3re recommended be-' ,
cause metal bands may cause skin
irritation.
" J8. Respiratory proteetioi,. Al

though sulfur dust is non-toxic, dust
respirntors should be provjded for
greater employee comfort. A breath
ing 3pparatus or masks suitable for'
use In atmosphere cont~iaingsulfur

dioxide SllOUld be provided for
·emerg~ncy use in c~se of fir~.

19. Body protection. \Vorkcrs
whose ~ki>1 may be s:::ll:)i~ive to sul
fur dust shodd protect thenlSelvcs
by wearing collars buttoned) sleeves

, rolled Gown) trousers gathered at the
_onkle, and gloves. A further pro
tccth'e mcasure may. b~ taken by
coating the hands 2nd face with u
nonvani~hi:lg indust:i:ll Cft:am..

20. Usc of fire rct:tr,bnt clothing
is rccor7lmend~t1. Ignition of sulfur
impregn~ltcd clothin,g coutd result in
serious burns; thcr~fore, clothing
should b~ k~pt as fre~ from dust as
possib!c. SllljuT-imprcgllGlt.·d. cloth
ing should /lO! be worn.

15. It i~ import~nt th~lt dust for
malh.m b~ minimizr.:u <.luring lh~

h:mtilin~ of solid sulfur. It is cqu~lly

. important th3t putcnli;l1 $ourccs of
ignition be avoided. The Nationa!
Fir~ Pr,")tc:ction Assc::btion codes
nrc witkly us~d :\s a basi;:; for good
pr;lctic~ in the h:mdlirog of solid sul
fur nnt! should be consulted for de
taikd ~(h.'icc on thcs~ points}';

avoid oVl:rhangs :lIlll sli\.lcs. For cx
:1I11pk, tllltkn:lIttillg of :-;ulfur piles
must be avoidcd. P~crlicular1y, man
u:11 lIntkrcutting ",..hich is dangerous.
Th~ L1I1g1c of rl."p0SC of loose.: bulk
stllfuf is about 35 dcg. \Vhcre a
mall must work in n bill) which is in
dangcr of sliding, he should W~;lr n
safety belt with n liidine fnstcllcd
securc1yat the top .C'f the bin, nn~l

llc should be obs~r\'cd by another
employce similarly equipped.

14. The mainhnzarus in hnndl
ing solid suliur nre fires and dust

'explosions. l\'liXlurcs of sulfur dust
and :lir ignite easily.. Ignition tem
perature is f:lidy low and the explo
sive limit range is relatively wide.
A small explosion may cause nddi
lional dust dislurbances which, if
ignited, can result in a'more SC\'ere

explosion and ignition of the pile
itself. Dusts with 25 per cent of
sulfur or more may be almost as

less than ~.OOOl mm, Hg (6B Fl

Insolubl~ in water, nOJlhydroscopic

nums to form sulfur dioxide. May form

explosive mixtur~s with slrongly

oxidiling chemicals sudl os

chlor(lh~s

Odorless when pure. ty\ey have odor

of hydrogen sulfide or hydrocarbon

if impure

0.16 BtulJb (0 F) to 0.19 Btu/lb (200 Fl

Yellow (pure) to tan or gray, depending

....,::on amount and type cif impurity

··'~irlimum about 0.035 ozl cu ft

tllaximum etbout 1.4 ozlcu ft

Dust douds - 374 F

Undispersed dust -428 F

Dry-none

Wet - slow generation ofsulruric acid

which will attack steel

Theoreticol - 129 Ib/ft3

Bull< - 75-87 Ib/ff~

Properties of Solid Sulfur

Crystalline soJi~

.' 230-246 F, depending upon irs

'. .: >crystolJine form.

Physical stele

Density

Corrosivity ,

Explosive limits of

dust in air

Odor

Au~')-igniHon f:?mperature

of dust in air

Color

Solubility

Reactivity

Specific heat

Vapor pr~ssurc

P~rsol1nc:l hazards

. 10. Sulfur dust is cupahlc(\f irri ...
t:!tiIlS th..: innl.'r surr~1CCS oCthe cyc
I:J;;. Ie may irritntc tlie nlUCOUS

m~mbrJn~s or the respiratory p~s

SJgcs. TlJ~rc J.'i no evitknce lh~t SYS
tcmic pOisoning results from jnhala
tion of sulfur oust.

11. An investigation or workers
exposed to npprcciabl~ amounts of
saUd sulfur dust) for a period of sev_
en years) revealed no lung lesions
&lttributt:d to the inha1:ttion of solid
sulfur dust when founu on X-ray
cx~minal!ons.lS .

12. In some individuals; sulfur
dust has an irritant .action on the
skin, which may be aggravated by
perspiration or. moisture.

13. Slides can be a hazard to cm
p10yecs working on bulk piles or in
bins of bulk sulfur. Reasoll:lble safe_

.·bui!tii;:,g. '

Ventilc:Hon

21. Tot3Ily cndOsclt motors arc
Tcconlmcndcd for $cn'icc in slllft:r
dust. Op~·n imJucl;on motors hav~

b~c:n t;~;\.·d jilop~n loc~ltion~. but
prop~r de:millg is rc.:·qu:r~d. Swilchcs
:,hOllkl be w:ltc:rpr~')of ~Hlll h'lCal~d J$ Y
r~\r ~tS Pl,ssibh.: from uustv :lr~:ls. It \

."-- • '1Il-~'" • -. - ". - •••• - - .- - - • -- ------

--------------------------------------



$}'rnptor:"ts of poi!:oning

37. Solid $U1[uf i:~:! zn:ld irritant;
it has no jmiJ1c-di:1~': cO"eel o~hcr than
irrit:llion of th~ eyc:s and no long
term rn·CCl.~·I:.~.:~ Burning sulfur
evolvcs sulfur din:ddc; CXfK)$Ure to
wltic-h rC$ults in jnl1~~~diat~ and se
vere irrita1ion to the eyes and rcspL .
ratory SystCill. Ncith·:r sy~tcmic or
chroaic cITc-cts nrc knownl.~.C:.!l

First aid

38. Persons exposed [0 su1(urdi
oxjd~ must b~ mO\'cd to fre~h air.
Ordinary first nid procedures.are ad
equate for the effects or ~ulfur itself;
howc:vcr, soliel sulfur dust should be
rcmo\'cu from the ~kin after work

.periods with mild' soap and waler.
Suliur dust in the eyes is best re
movcd by thorough irrigation with
copiou$ quantitics of pl~in water.
Inadequatc amounts of irrigation'
fluid 1l1:ly aClually increase the irri-
tation. '

Treatmenf ofburns

39. SaUd sulrtii" must mc1tb~roic
it b~lrns and the burning sulfur will
meJ~ additional material in its im
mediate \'icinity. Skin or clothing
burned by contact with li'l~,id sulfur
is 1lsunJly coycrc.-dwith ::1 thin hnrd
coati:i~ of so!idificd sulfur. Liquid
sulfur burnin£; over n small area
~!l('lHld b~ co...·crcd with n ck~n, dry

. dressing. Tile victim should be trc~t

ed for shock and remo\'ed to a hos
pital :lS quickly 3S possible. DO
NOT RE~10VE THE SULFUR.
\Vh~rc £rc~lcr 3fC':ls' nrc blirncd) no
attcmpt should be made to remo\'e
clothing OJ sulfur from the :tITccicd
parts bce:Iusc of th~ d~Hlr.~r of infec
tion. Jnste,~tl, c(.)\·cr the :7rrCCle:darc:l
with a clcan shc-cl or simibr mate
rinl. A pplicatioll o[ burn ointment
mcrdy cl")mi)lkalCs the: rcm~l\"~11 of
rorcj~~n malt~r from the hllrnl?d an:a
whcnlfcatmcnt b~g:ns in tIle hospi
1:11. 1: .

. m::nl :llllJ corl1;\Cl wall O;\.IUII'.lnt;

, c11~llIitals.

• J\L

Elcdricu1 L!qu:pmc .1

33. 'l'o 'I'r{'\'!'~lt ,ignition by dcc-
. I . )'I'~ \', 1l"lCt~l pnrtsof ,-onve\,-Inca .../. /.. .;

• , • e}1 incr)', hopp~r$, spouts,
In" J.l.1 ,.
~ , ~J,nvdsJ ~lld otner cqUlprllcni

pO,\cr. ).. ,'cJ.'d 'In PJ-CO"Ct'I'lC:", I,t Ir' f~n. ..... .. ~I\. I •• , to;

Sd0lJ .. · ., '1) \.~" .• "\"1' I·," - •

\
"'11 tl'" i"', I' : ,~ ...... ·; .. n m.:\_llon:,> 0.1

\"h j\". ',.,',1::
stnlic ded J Idl). "

3'4. J{cccntly, cc rta in chemical

t l
't' l" h:I\'C b~C'n found to be

tiC ( I 'OJ " • •

IT 1
·,·· jn $upprc5smg cl~ctrosl:1tlC

c cc 1. C . l' F .} ., ',' in ~;o1J~1 $U iUr. 'or IllstallcC,
c I:lJl!i>~':( rl or J2 p:.:r cent disodiuHl
:1 ~() II d I . •

, . I .,'e; ~ per cent sllrfac~-nctI\'c
p,lO:-P ). t , • . l'
• ,., t J C:Ii,~J1ndcr water, Hpp h:d ~it
,1c.,Ul , JO')C) I l'1 p:lrt pl·r .. ~'J. p~~r'ls SlI lUll', £.a\"c

t r,·q rf r.,. 4 I \ Ii 0 tIe r so ull 0 n
P(ll){ ..... . ' • •
"f' '(0 'J'~ Cn ..·;:ti\'C W(lS mn:noma
nUllc . '

r . ·'-'1"" O'I(''''I.. t
! . . '11 r .I(.;t:·~ .. l .... u~\. ••P lb.l ."

35 Solid ~t1!fur is a p~ar con-
.t l' c', t·h.'ctricit'\· (r~sisti\':tY=~' or
ullC or ), .r..,
J(J I; o!l r;l / (111 ) ; \\"1 :~il In mot.IO.n. U1:-

1 ,f, ' ifJilC; of Jow htlllll ...1:t\', II Toxicitr ' ...
c. l'r C·tI:I.' ,. . ..'-'r "1"" ~t1filC"i::nt ~:l:tll(." <:1l~lr~'\.·~ 40. S~lid~t11fllr i5 \'irtu:!l!)' Ilon-
C:UI (,-".'. II. •• '. .'

.. '1=lrl.iii': ;md 1!~Il!tl(lll. On.... toxic. It can b~ takl'n in:~rn:lll\.· in
to t·'lll".1. I .. • .. .I

J
"'f ell'" L!;I/, thllw"I11~~ :1 h:Hldfl:1 ~ 'faidy br!'-c do:-.t·s \·,oi !ll()\1 t injury.

:I C ••• r , "
r· If'" ;tlft) (i~~' :lIr C:1ll f: ..·nrratc En.'1l \\"h~'1l taLt'n i!llr:!\'l'm\a~h', ~t1l-

o '.11.: I. .' ., , • J •
. J' r ,tj..: h\ 1:~lllt~ t:l ..' l,/lI,t ",' o:ld fur i~ onl)' ~li.d)[I)·· c.liurdil~. Ut'lt ;IC-

\'11 1 )q" ; .' .
lh.lt i'c III,:....,' ti\'dy ll.)xk. /_._----.-_. ,'--~-~-- --~._~.>-"---

--------

s .~~t·cd"(~·i nb:~f~rro:ls m;llcrials, or
:[11 f' I" m:ltcn:al IS t::,cu for O:l~
) \,'1'1"(\1 .' , • 1 l'. ,.t-. wh ic·h JIll!: II \Oll~' 1 It
}):lft. p:1 ,. rr ..' , - ... •..•

1
JIb" n0n. -:I.().b to millUlllze

s lOlL{ ... r ,.... ·~'I ,.

the C'haJlt:~' () $l,··1 1.1..,•

29 \V)ll'rc I:trgc (!L1~l:ltiti{.:s of

l
"'J'lil1l" ilr;:- 'l1~:cd, th~ jn~:li11l:ttk\Jl

so h. ~_u . I" ,.'"t.' ~ r, I' ·"t ..of a 111:I}:I1"Uc ( "'l.~" ,II ,I.le ~rp;ll •• ,q,

1
• I" 1,·'consldered 10 rrmo\'e

S lOti L. ... l ' .•. .' '011 from th:; su fur r::cclvmg
tr:llnp 11

• 1
oper:llJon. . •. '

30 1'(J prc\'cnt Iglll/IOll by {lame,

11
- 'l'r nJ1fur should b~" rcmo\'cd

3 so It .' .•

r". nrcas b~[ore repnJfS ,Ire
from \';"0 t. • •

1
. 'tll wdd;n!! cqmpmrnt or themac. e WI· - .•

rk If (hi'; is 110t p:1ss1b1c, assure n

[
1.C

t
· •. ~lf'1nl)' to v:orl;crs, nnd pro-

res 1 ;111. I. • .
'd (,'r. lo c>:lin!';tJJsh fircs.

VI c W:l.... ..

31. ():Is(ltinc-dl~h:t~ cquipment

( () )'/1 the: YICI.:~lL\' should be
0p"'ril c. J

... .t \"jth ~~))rk ~rrcstors and
cqwjlpcu' .

1 cl
'
HUrner and cxlla\lst S)!S-

, protee C •

tems.
3" All op.::n n~mcs, smoking,

d
-', ,,{dies shou!d be prohibited

nnl.,.l _,.}1·.,., r If .. l' cncJOsthl,;s. 'lCatl.l.:> 0.. S\1 .Ul-
WJt 1111 ' •

(
• "Il f ' L~ndo;urcs, J[ 4my, should

con :1111 :. 1
b" h" indirect means sue 1 as steam

... ). .J "ir .
or prdIC.llt. i.1 •

Fire end explosion hazards

.. 23. ~IOr:lgc bins or buildings
S110u1d be pro\'id~d with sprjn1~lers

(not ur.l5.'i or bronze). A fine water
spr:l)" or fl\'; is the most satisfactory
cxtjngl~i:dl!ng :lgent. J·ro::>l:S and cx
tjnguishcr~ with pressure stre~l1ns

'should b~ :i\'oided \\'h~rc solid sl1lfur
is dUSl)' or where it may cre:ltc a

: f!.~rthcr h~7~"!rd by raising Ji1or~ dust
clouds.

24. StC:1ili can b~ used for snlOth
cring fir("~ in elcvator c&lsing!\ and

, other sn1:tlI t:nclosurcs. Carbo&! di
oxide can :l!$O he used.

.25. Sm~lll su~fur fires can be ex
linguis!lI.'u by card:llIy stlloth~ril1g

with br~":"r :!!llotmts of tll~ saInt: $ul
,fur. Sa~ld (\r din can aJ~o b~ \~$cd.

26. BrC'ause burning 'sulfur
c\'oh',,'s ~uEtlr di()xid~, hreathing :rp
p:uatu$ (\r ~:IS lil:l~J:~ :IPi)fO\'cd for,
lISC in :1,:iJ, :::1-; :tlfiH.l:,p!IL'rcs should
b~ JI1:\d~ :l\':ril::b!c to \'."orL~rs w110
slwlIld b.' ii:,lrucll:U in t1;t:'ir l!$C ~net

limitatil\it~. l:-urn~$ fl\"\I1l unprot;,'(lcd
soliu stllfl:r fires ~lJOultl b.:- :t\'eid(~d)'

if P()~~:t\k. by con\'crgin~·. frOi1l, the
\Ilw;ind ~i.!... '

27. Tc> !'TlTCI:( igllith tn lJy /ric
lic>/:,ha!h! lNlls l1~~'d in h~IIl'.lliIl!~

M',lid ~l:::'::: ~lh'uhl h~' 111::<.!~ f:o:;,
____ I1,m-.I'.11 :.i:' ,:_m~ll.:rj:li~ slJ~~h::~; mun-

JlU.-~llll':'~ til\.- 1'-'luu"",,,~u•.",, n.'" HI;·

lottioll in Cia~$ I, CiHmp D locations
is salisr.l~l~)ry. (Th(' p;',,~\'i(\us ~~FrA

code or I C)5~) li';kcl ~ll1fllr ntmos
rha~~ w:; simlbr to lho~c ill Cbss II,

. Group C.)
. 22.01lc way to prevent static

aCCUlll11lat: ..."n j:\ to mail!t:~in ~ rela
tive hum:c!ity ,in Ih~ &llmo:;phl're of
75 per cellt, if that is pO$$iblc.
Hhmb:tinr. of s01id SUlflll" in transfer
op~r~tions 1:~s becn nccomplishcd
by the usc. or \valcr ~pr:lYs anq sat
umted ste:Hi1. This ]1wcticc should
be' controHl'd, howe\'cr, if corrosion
probl("m~ :Ire 10 h:: &\\,oic.kd. Some
pl:mts ha\'L~ foand that the usc of
inert g:ISC$, such as ]2 per cent CO:
for cXi!mplc, rrducc the explosion
haZ4'ud. The Durc:lu of 1'zincs fmlOd
that dust d0UtlS \\'cre not ignitable'
when atmospheric oxyg~n wns rc
duccd to (tdow 10 per .cent.~l ,The
NFPA requires inert gas 3tmos
pl1crcs (k~~ than 11 per cent o~:y
gcn) in ccrtnin lyp~ of crushing nnd
grinding n1:lchincry_' .~



41. . \Vh~n suliur burns in thc nl
m{lsph~r~,it form.; sulfur l1ioxitlc.
S~~iur t!:axiJc is irrilatingto the

'eyes, nos~, lhrO:lt. :llltl lungs in con
ccntr::tioDS grcntcr lh:lll 6 to 20
p:lrts per IniHion (ppm). At 150
ppn~, irritation is eXlreme. Conc~n

tr~!ions in excess of 400-500 ppm
m~yrcsult in s\lfToc~tion. Th~

threshold limit value (maximum ac":
ccp~blc conccnlr~tion avcr~gccl

o ....cr a noml:!l working day) of sul
fur dioxide recommcnded by the
Amcric~n Conference of Govcm
mcnr:ll In d u strial Hygicnists is.1
ppn1. Exposurc to sulfur dioxide has
EO JY.:rm~ncr.t systemic cficct.1.:. 6,:l.d

l,~edjcol examinations

42. Speci:tl physical examina_
~ions ~r~ not llccessary for employ
ees whosc dutics \,,·m bring thcm
into contact with solid sulfur.

, ,

V/oste disposal

43. Contaminated solid sulfur is'
best disposed of by burning jf this
can be done safely_ Sulfur exposed·
to the wcather or buried at moder
ntc <kpths wia slowly gt:ncrate sul..·
ruric add. If the resulting acidity is
objectionab]c~ the sulfur cnn be neu
tralized bym ixing with about 3
t1.illes its \veight of crushcd iimestone

.or h::lf that amount of lune before
burying it.
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enclosures ·should be constructed
\vith :1 minim~m numb~r of ledges
where dust can a.ccumulnte. Neces
sary ledges should be roofed at a
steep nnglc to reduce Gust d~posits.

7. Scattering of dust where solid
sulfur is tr.msferred from one point
to :-:noth;:'r should be n';oid~d. \\'hcrc .
feasiblc, dust-tight housings or
hoods with inward air movement
should b~ provided. 1\1cchunkal cx
hm:st systems should conform to
NFPr\. standards.10

S. Elevators auu conveyors
sl,oLJld llcl\'C uust-ligl1t ca~ings tilld

should be equipped with explosion
relief vcnts. Dusting dur:ng loading
or stockpiling may be nlleviated by
usc or :1 telescoping spout (prefera
bly aluminum). Long st~lrur drops
through chutes shou!J b~ kept at n
minimum to reduce dllsting.

9. Olher fire precautions include
bins :mJ stor;lgc builuings or non
combustible co:!slructiO:1. Also.
prop':"r \"l:ntil~ltio.n of j;ldoor sto::Jg~

areas is nccc~:\~1 ry 10 l~~sen d:.mgcr
of fir~ alllI explosion. As:t prccuu-

dll.\l /'''lIIt1!icl/l' li':'l. it is~r~~:'I1'~"'kl!~:,,;_eXl:~J~

Storage

6. To I'fC'\'('/l!

Shipping regulations

5. SoIidsulfllr is no~ cla~;siIh:ll as
d:lI1gt'rous by lh~ Interstate Com
merce Commi$skl:1. It is. how~\\~r,

classified as a h:lz:trdous artkk by
the U.S, Coast Guard, who there
forc, r~qt!ires a m!mlJ~r of precau
tions b~ t:lken when solid sulfur is
lr:l1I~purtcrJ by w.~t('r.::

Containers

It Solid bul!~ sulfur is mo\'rd in
ships, b:!fgC5, h~~x car:;, h0pp~r c~rs,

gondo!ns, trucks. ~nd oth~r carri~r$.

Although sled and wood nrc often
used, aluminum is the .b.::st nll
:tround mnt~rjJl 10 us~ because it is
nonspnrking and resist:mt to corrc~

sion. Solid sulfur is ~lso b~ggcd in
multi-ply paper or t som~t:me5, bur
lap b:tgs. Refined or £round sulfur
is gcncn.!ly shipp.-:d in this way.

..~ soil ingredient, in pesticides, tlnd in
rubber vulcanizing. It is also crushed
3nd ground for other uses.

2. Ailhnngh most of the sulfur
cOf}v('i!cd t:> :1cid is h:mdicd in the
mohen (!;~iHid) ~talc, ~m estimated
]0 per C',,'n~ ~5 stili hamlhxl as ~ solid.
The physi~:~l prOp"~rtjes of solid sul
fur. an: lj:,t~d on r.:!£c t\\'o.

3. Amn;i; the brge uscr~ of soliJ
~u1fur ::r~ lh~ pJlp ~lId p~p~r, ferti
lzz~r. ::!Id r;:yU!l indus\ri~'s. In the
!-c:lit:. d::lIi~"Ht~l form, it h l1~t:d as n

§ ULFUR !S THE CH~~:nCA~ ~~'D~~-
TRY"S mosl widely used raw mate
rial. In th~ United Stntes more than'
E5 per. cent of t.h~ elemental sulfur
co:i~r:!cd is CO!l~:erted to sulfuric"
r:cidll where it is used in the produc
tZO:l c[ f('r:iEz~rsll titanium dioxide,.
sy~t~~e::= f;.~';L"S, a wjd~ variety of
c;;~m:c~lI;), ~nd in the pickling of

. iron ~:Jd s!cc1. Tnis data sheet will
focus on t1~e h:lUrds and precau
tions \~'hjch SllOtJld be followed
when "\:;orkir:g with solid sulfur.
J-Iar.dHng liquid sulfur is covered in
DatJ sh("et No. 592.
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MS. 2. This s?ecial truck ca,.,ie, liquid sulfur one ,",oy in the inner
t~lc and carries phosj:lhote rock on tha way bock in the outer tank.

Fig. 3. Berges for liquid suHur ho.... twin"ents fat hydrog'an sulfide
loco ted both fore and oft.

.... -.~' ..•.•.--- .e:..-.:.

rJ9. .&.. liquid sulfur di'd'org., ftom ships through ,teom-jocket.d pipelines equipped wiih
.~ ioint'-

fig_ 5. liquid sulfur is stored in steom.heated. insuloted ton"s and pumped through steal'll·
troceci, insuloted pi?es. Vents for hydrosen sulfide ore provided around the periphery of tne

. 'onks and at the Q;:lex of the cone roof. or neor Ih. cent.r. These tanks ore filled and emptied

. througb lin.s thot entet' the lop 0' 'he lank and ••tend to the bolioi'll.

not corrode if the sulfur is kept hot
enough to prevent accumulation of
free moisture. Aluminum" or alum
inized steel, is sometimes used for
truck tanks because it does not have
to be kept hot to avoid corrosion.
Shipping tanks are insulated to con
serve heat, and are in most cases
provided with heating coils.::'-l·l&.l•.u

6. Tank trucks may carry up to
22 long tons of liquid sulfur, de
pending on local regulations. Tanks
are usually cylindrical and arc not·
compartmented. They are insulated
to minimize heat loss in transit (Fig.
2) . Steam coils. are not often pro- .
vided, since trucks are generally
used for short hauls. Sulfur is nor
mally discharged by gravity through
a steam-jacketed valve into a pump
sump or pit.1&·17.11

7. Railway" tank cars range in
capacity from 64 to 88 long tons
of liquid sulfur. Toe uncompart
rne~ted stee1 tanks are insulated ex
t.-=rnaHy with two to six inches of
glass fiber insulation. A few cars

.have external steam coils. The rest
have steam coils inside the tank.
Heat is not supplied while tank cars
are in transit. Any sulfur which
solidifies is remelted before the tank'
car is unloaded. Sulfur may be dis
charged by gravity or by air pressure
through a stea-rn ..jacketed bottom
valve or through a steam-jacketed
siphon extending up through the'
dome.H.I.,lS.n

8. The capacity of.the present in
land waterway barges ranges from
600 to 4,000 long tons (Fig. 3).
Barges have oil-fired heaters which
circulate heat transfer fluids to k~ep

sulfur hot at all times. Tnn.k.eiS now ..,-".
in service carry as much as 25,000 ~

long tons per voyage. Their sted
cargo tanks are usually rectangular
and insulated externally. Steam in ~
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TABLE J

P~O?ERTlES OF LIQUID SULFUR *

Specific giovitl g, 270 F (Wo~er o~ 68 r == 1)" • • • • • • . • • • • .• 1.79

Relative viscosity & 270 F (Water a~ 68 F = 1F ... . . . . . . . .. 9.0

Freezing po:nt (cpprox.)1 .••••.•••.••••.•••••••••••••••• 233 F

},J,elting· point (opprox.)l ..•••••..••••••••••••••••••••••••. 2~6 ;:

Boiling point": '•••••••••.• 232 F

Ignition tempercture, in oirs ••••••••.••••••••••••••••478;502 F.
Flash point; modified Cleveland open Cup9. Iv ••••••••••• 335-370 F

• NOTE: At olmo~?heric prenure.

.\,

, pip~ coils- keeps the cargo tanks·
at all times. The liquid sulfur IS

u'sually discharged from th~ barges
..-... and ships by means of deep well

centrifugal pumps which force the
liquid through steam-jacketed pipe
lines equipped \vithswivc1 joints for
connection to shore (Fig. 4). In
some cases, specially designed rub
ber hose is used to provide a flexible
conncction.1G·li.lS.19

Shipping fagulations
. 9. Sulfur is not classified by the

Interstate Commerce Commission as
e-r(t dan gerous product. Tank cars
DUIlt or converted for sulfur service

conform to va ri 0 u s specifications,
such as AAR 203-\V, ICC l03-\V,
ICC IlIA IOO\Vl, and ICC-lIlA
100-W-3. Trucks must conform in
weight and dimensions, to the legal
requirements of the states in which
they are used. ls• 20

10. TheUnit~d States Coast
Guard classifies liquid sulfur as a
Grade E Liquid and has published
regulations governing the transport~

of liquid sulfur by water. 40

Sto:ocge
11. Liquid sulfur is normally

stored in vertical, cylindrical,
welded-steel tanks, with externally
insulated walls and roof (Fig. 5).
Internal or external steam coils are
provided to maintain the sulfur at
270 to 290 F. Internal steel sur
faces should be above 238 F to pre
vent the accumdation of solid sul-

. fur, beneath ~hich the sted will

corrode in the pr~s~nce'of moisture.
For the same reaSO:1, the outside of
the tank bottom shot.:ld be kept dry.
In designing a tank for liquid sulfur,
consideration must be given to sul
fur's high density, a:1d to the weight
of insulating materials and steam
coils. Tanks are p:ov:ded with con
ventional ladders, walkways, and
guard rails (Fig. 6). \Vhether or not
to provide a tank with a rnoatto
contain the sulfur in case of a leak,
or how to separate tanks from other
installations should. be determined
through consuItatio:1 with fire-insur
ance carriers and with local regula
tory agencies.16.1~.H.19

12. Ventilation of 1i qui d sulfur
. ta:1ks is ncc~ssary LO prevent the ac
cum~iation of tox;c and explosive
quantiLies of hydr0g~n suind.: (rig.

5 ). Before any tank is fiHed with
sulfur, it must be checked that the
tank does .have v~nts. These pipes
should be steam jacketed to the very
end to prevent plugging wi~h sub
limed sulfur. Positive air circula
tion is achieved by the chh:mey ef
fect, or less often, by mechanical.
me'lns. The amoun~ of hydrogen
sulfide that will be produced by any
given shipment can be reasonably
well predicted on the basis of past
experience with sulfur from the
same source. Of course, reasonable
car~ must be taken that the sulfur
does not contact hydrocarbons or
other organic matter \vhich \vould
react with it to pioduce hydrogen
sulfide. Also, st:~fur with· a h:gh
carbon CO:1tent must be suspected
of :'3\-i;;g a n;gh h:"pd:-o:~~b0~ co:t
te~:. T\:sG can be ::iade to C;;~~':'-

T JllG~-=~j~ ~~

~?~~'i:~;~;;j;i=;~~§}:~;~~~~~~~:~J
L::::-~·-~:::;..-;-:;~ .::-;;:;~:~. "";'.:--' . . 1

r::~~~~~~~'::::::·:F.:::;</~:.X " . I,
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ttl"" -- " ., 1· , t
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.\ , ,: ~ . i:." '::~~ I
; ',' .

~ I .;.> ,~ II.."". :;' !;;i:j:;;;:'YC~J::~&'~~'.'!';.~;i~/~sr;j
l· ~:}, .L"'.) .: J, lb.'. ..:~._ I
Fig. 6. Liquid sulfur storoge 10,,1(1 are provided with conYentional lodders. stoirwoys, wolkwoys.

mine the amount of gas that will
evolve.

13. The dielectric constant of sul
fur is co~dudve to the buHdup of
statk electricity. Tanks should be
filled from the boaom, or through
discharge pipes th~t exte:ld to the
bottom (Fig. 5). Blanket:ng the
vapor space with flue gas or inert
gas is u:1necessary.~·lG.l,;.I\':'i How-
ever, the atmosphere in the vtipor
space should be checked periodical
ly with ~n explosio;1 tcs~ing meter.
Parti:ubrlj', it should b~ checked
whil~ EHing (Fig. 7).

l~. Pits are sometimes used to
store small quamiti~s of liquid s141~

.fur~ or used as pump sumps. For
storage of more than 150 10i1g tons,'
a tank is oft~n more economicaL a,
The pits are generalij' rect::mguI~r~\
~_~ ,,_ ........ _,l .... _,.,,~_,.,.._ ..._ .. .... :_- .. _.... -, _
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5 ). Before any tank is filled wit.~

sulfur, it must be checked that the .
tank does. have vents. These pipes
should be steam jacketed to the very
end to prevent plugging with sub
limed sulfur. Positive air circula
tion is achieved by the chimney ef
fect, or less often, by mechanical.
means. The amount of hydrogen
sulfide that will be produced by any
given shipment can be reasonably
well predicted on the basis of past
experience with sulfur from the'
same source. Of· course, reasonable
care must be taken that the sulfur
does not contact hydrocarbons or
other organic matter which would
react with it to produce hydrogen
sulfide. Also, sulfur with a high
carbon content must be suspected
of having a high hydrocnrbon con
te~t. Tests can be wade to de~er

mine the amount of gas that will
evolve.

13. The dielectric constant of sul-
fur is conducive to the buildup of
static electricity. Tanks should be
filled from the bottom, or through ,;
discharge pipes that extend to the
bottom (Fig. 5). Blanketing the
vapor space with flue gas or inert
gas is unnecessary.9.lti.l;.1,..:.) How-
ever, the atmosphere in the vapor
space should be checked periodical-
ly with an explosion testing meter.
Particularly, it should· be checked
while filling (Fig. 7).

14. Pits are sometimes used to
store small quantities of liquid sul-

.. fur, or used as p·ump sumps. For
storage of morc than 150 long tons, 1P
a tank is often more economical. . .
The pits are generally rectangular , .'
nnrt'nr~_m:\li~ nf r.nnr.r...r ... nr nf d~...l

TABLE I

P~O?ERT!ES OF LIQUID SULFUR·

Specif;cgrov;~l & 270 F (Water· at 68 ;: =- 1)'" • • • • • • • • • • • •• 1.79

Relative visco~j:l ,:g; 270 F (Water at 68 F -= 1): •••• ~ • •• • • •• 9.0

Freezing point (op;:>rox.P .0 •• 0.' 0 ••••••• ~ ••••••••••••••• 238 F

Melting point (cpprox.)l .•••••••••••••••••••••••••••••••2~6 F.

Boiling point'i , ~ ••••• 832 F

Ignition temperature, in airS ~ •••• ~ •••••••••••••••• ~' ••47~.502 F.
Flash point, modified Cleveland open CUp9.10 ••••••••••• 335·370 F

-NOTE: At atmoi?heric pressure.

---------------""":r"'-~-------------_,. pipe COIls keeps' the cargo tanks h'
:!~ all times. The liquid sulfur ~~

t:Si1aIly discharged from the barges
:md ships by means of deep well
centrifugal pumps which force the
liquid through steam-jacketed pipe
lines equipped with swivel joints for
connection to shore (Fig. 4 ). In
some cases, specially designed rub
ber hose is used to provj~e a flexible
connection.I o,li, u. IS

fig. 6. Liquid ."lfvr "0'09_ tonk. are provided with conventional lodd.". stairways, wCllkways,

'corrode in the presen~e of moisture.
For the same reaso;l, the outside of
the tank bottom should be kept dry.
In designing a tank for' liquid sulfur,
consideration must be given to sul
fur's high density, and to the weight
of insulating materials and steam
coils. Tanks are provided with con
ventional ladders, walkways, and
guard rails (Fig. 6). \Vhether or not

'. to provide a tank with a moat to
Storage ' .. contain the sulfur in case of a leak,

11: Liquid sulfur'is normally or how to separate tanks from other
stored in vertical, cylindrical, installations should be determined
welded-steel tanks, -with externally . through consultatio;l \t:ith fire-insur-
insulated walls and rOof (Fig. 5). ance carriers and with local regula-
futernal or external steam coils are tory agencies.n.1 ':. Ho. 19

provided to mai&ltain the sulfur at
270 to 290 F. Internal steel sut'- 12. Ventilation of 1i qui d sulfur
faces should be above 238 F to pre- , '. tanks is necessary to prevent the ac
vent the ac-'"Urnt:1ation of solid sul- . ' curn:.dation of toxk and explosive

-fi:£, beneath which the steel will quanti~ies of hydrug~n :miflde (Fig.

Shipping regulations
- 9~ Sulfur is not classified by the
Int~rs:ate Commerce Commission as

c. ~ ca r: ge rgus product. Tank cars
uullt or converted for sulfur service
conform to va rious specifications,
such as AAR 203-W, ICC 103-\V,
ICC lIlA IOO\Vl; and ICC-lIlA
1~W-3o Trucks must conform in
weight and dimensions, to the legal
requirements of the states in which
u~ey are used.U.:1)

10. The Unit~d States Coast
Guard classifies liquid sulfur as a
Grade E Liquid and has published
regulations governing· the transport ~
of liquid sulfur by water."o

--'--_• .I_-~.
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700-1000 ppm
Rapid unconsciousness, cessation of
respiration and death.

200-300 ppm
Marked conjunctivitis and· respiratory
tract irritation after 1 hr of exposure.

500·700 ppm

Loss of consciousness and possibly
death in ~ to 1 hour.

)een reported as iollows::G

10 ppm

Beginoing eye irritation.

50-100 ppm

Slight conjunctivitis and respiratory
tract irritation after 1 hour exposure.

100 ppm

Cou,;hing,eye irritation~ loss of sense
of smell after 2 to 15 minutes. Altered
res?iration, pain in the eyes,:md drow..
s:ness after 15 to 30 minufes, followed
by irritation after 1 hour. Several
hours exposure results in gradual i:l•.
crease in severity of these symptoms .
a:.d death may occur within the next
48 hours.

1000-2000 ppm

Unconsciousness at once. with early
.cessation of respiration and death in a
few minutes. (Death may occur even
if the individual is removed to fresh
air at once.)

20. Subjective olfactory responses
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almost unbearable. Concentrations
in excess of about 500 ppm result in

· suffocation. The th·reshold limit
· value (maximum acceptable concen..
., tration averaged over a normal

working day) of sulfur dioxide
recommended by the American Con
ference of Governmental Industrial
Hvgienists is 5 porn. Exposure to

-Sulfur dioxide has no permanent
systemic effect. 2.::,24, 2S

19. Hydrogen sulfide gas which·
may be released from liquid sulfur is
extremely toxic to humans. Physi
ological responses to various con-
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. fig. 7. A gal chromatograph mon,lors hydro•
gen. and hydrogen luliide in the atmolph.re
aboYe liquid sulfur in ship's corso .Iank$ in

· order to preyent the formation of explolive
mUllurel.

Fig. S. Slealft used to melt f,ozen sulfur should b. soturoted and pr...ur. should "ot .1IC~

. 7.5, ~~ig •. Th. ~~.Jf~ ~hOU'd_~::_~. h~~:~ polt _290 .f. ..' ..., .. - _ '. "-'.·b J
---------_----:....~------------- ---.._._--~-,. --._- ..- - --_.- ._~-- ----

proof cement. Pits are covered \\
steel, aluGiinuffi, orasbestos;.cement.
Corrosion of steel pit walls and cov
ers in· the vapor space is serious in
the case of outdoor pits ·in cold
ciimates, especially those cO:ltaining
recovered sulfur high in hydrogen
sulfid~. Tne pits are provided with·
steam coils located below the mini
mumsulfur level. Adequate ventila
tion, guard rails, and warning signs
are strongly recommended. Em
ployees should not walk on the
covers. Inspection opening left un- ..
.covered should be protected with·
metal mesh gratings.16,l':,1S,:O

15. Users of liquid sulfur some..
times wish to provide addit:cnal
storage by casting sulfur in a large
b!ock, caHed a "vat." This opera..
tion is outs:de the scope of this data
sheet. Safe practices in vatting suI..
fur can be obtained from any of the
major sulfur producers.

Ha:arc!s
16. Sulfur can be safely, efficient~

1y, and economically handled iIi· its
molten form. Safe handling requires
recognition of, and adequate protec..
-tion against, three kinds of danger.
First, liquid sulfur is hot. Second,
it can burn, and -besides the fire
hazard, the sulfur dIoxide gas that
forms. is highly .irritating. Third, it
can somedmes release hydrogen sul
fide gas, which is both toxic and-

-flammable. Sulfur vapor, like sulfur
dust, is irritat::lg to the inside of tne .
eyelid.>, b~t the sillall amout normal

.1y encountered does no permanent
damage.21 Fire hazards will be dis-

.cussed in a later section.
-. 17. Liquid sulfur splashed in

small aillounts onto the s~dn does
not penetrate; it quickly freezes into
a thin layer. The resulting first de
gree burn is less. serious than that
resulting from momentary contact
with a hot .sulfur pipe or steam pipe
at the S:l:;te temperature (270 to
290 F). If the amount of liquid
sulfur is greater and the time of con
t~ct is lO;lg; deep third-degree burns
will result. This most commonly
happens \vhen someone gets a boot
fuU of suliur.2Z

~~ 18. Sulfur dioxide is highly irri
"r/ tatL"1g to the eyes, nose, throat, and
i1 f lungs in concentrations greater than
\ ..§.IO 20 par.s per millio.., .(b~ VO!
~~:t .. .At 150 ppm, ihe IrrItatlOn IS
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to various concentrations of hydro
gen suliiac are approximately::U

0.02 ppm •••• No odor.
I . 0.13 ppm •••• Minimal perceptible

1__0.77. ppm • •••-;::; but readily per-
L ceptible odor.

4.6 ppm •••• Easily detectable,
:-: moderate odor.

. 27.0 ppm •••• Strong, unpleasant
.•: odor, but not intoler

able.
. -0 Howeve:", it is dangerous to rely

on oeor as a measure of concen
tratiO:l since in hi~1er concentra

. tio~, or U?O:1 long exposures, hy-
, cirogen sul5.de paralyzes the sense

~
of smell. (Suh~r dioxide, on the
other hand, is so irritating it caimot
be endur;:d.) .

\...- 21. Tr.e c~:ef effects of hydrogen
sulfide are on the eyes, nose, throat,
and lungs. An exposure sufficient
to cause u=1consciousness may lead
to ,an injur;ous fall, may be fatal· in
~L5eIf, or, if not fatal, may be iol
lowed by bronc?lial pneumonia or
by tem?or2.'j blindness.23• 24.:i. :8.:9

The threshold lhnit value (r.1axi
mum acccp~able concentration aver
aged over a normal working day)
of hydrogen sulnce recommended by
the Americ~n Conference of Gov
ernment Industrial Hygienists is 10
?ar~ per million.%-t ..,."."....

Handling
,22. Transfer of liquid sulfur from'

i _

.'
li

-. ;

trucks, tank ca:-s, barges, or smps
to storage faciliti;:s should be con
ducted and supervjs~d by carefuily
trained employees. A variety or
piping, valve," and pump arrange
ments· are used, so d~tailed instruc
tions should be made available for
ref~rence.16.17.18.:>\I.=:l.::~

23. Pressure of 's2.turated steaIi1
used to melt frozen sulfur should not
exceed 75 psig. Regardless of the
steam pressure used, the tempera
ture of the sulfur in the containe:-

Fig. 10. The worlt.r .... ;,0 o~.nl the Gome
(over of a tanlt cor or lordt Iruc~ should -weer
suitaole prot.eli". .qui;)!':'e"' and shovld
stand to one .ide# upwind of th, path of
the esceping gas.

fi;. 9. Tonk truccs. di.chorsing liquid sulfur
.bcwld be parked Oft level ground or ground
tho. l1o?e" sJigh'ly downward toward lno rear.

should not exceed 290 F (Fig. 8).
Superheated steam should not be
used. Pressure of air used to unload
sulfur from tank cars should not ex
~d 30 psig, or whate'ver lower
pressure is stencilled on the car or
truck or specified by the" shipper.
When compressed air is used for un
loading, care must be taken to have
clean contact surfaces between the
dome cover and the ring. Also, bolt
ing must be done in such· a manner
that the contact surfaces seat effec
tively around the entire circumfer
en~. L, this way air is cons~rved

and the dangerous leakage of gas or
()f liquid sulfur is avoid~d.

24. Tank trucks should be parked
on ground which is level or slopes'
slightly· downward toward the rear
(Fig. 9). Tank cars should be on a
level track with brakes set and
wheels blocked. They should be
protected by derails or locked
switches and by. standard warning
Signs.li.l:.18.:~.:l.:%

25. Frequently, the .tank car or
tank truck will be under gas pressure
and will contain a high concentra
cion of hydrogen sulfide. The wo.ker
should wear suitable protective
eqt::;m'lent and stand to o::e s:de,
up',l.ind of the path of the escaping
gas (Fig. 10) •.Tne dome cover bolts
should be slowly loosened (with
non-sparkir.g tools) to vent the gas
pressure, or if so equipped, a vent
valve may be used. Tnen the dome
cover should be opened and th~con-·

dition .and level of the contents in
spected. If steaming is required, this
operation and subsequent unloading
procedures should follow detailed
instruc-Jons of the supplier. Care
should be taken against possible
dzngerous concentrations of hydro...·
g~n sulfid~ in the vicinity of the tank
during steaming and during the
v~ting or the tank after unloading
if air pressure was u?~d. To prevent
the accumulation ofhydrogen sulfide
under pn:ssu;e, storage t:mks. ships,
and barges have large vents which
are never closed and" which are ' ;
st~~_.J~~_~~~~_d to p~e_ve!l.t__theit~~)i
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fis. 11. InwlGteG, ~teo.·h.at.d Yeols on
CoOI'go tonc.$ remain ope" ot aU ,i"'e, and pr••
Yent occvm"laliQl'i of hydrogen s,,!'fide in ,hips.

and life Hue; and another m~n

should stand by to haul hiw out if
necessary (Fig. 13). Anyone who
might have to use respiratory pro
~Jve equipment should be thor
ough!y trained and regularly checked
for proficiency.:t. : •. :,

Neither welding nor .cutting with a
torch· should be done unless the air .
space. in the tank is shown to be free
of combustible gas, or unless the air
is displaced with inert gas.20• 31 If
inerting must be resorted to, the
worker must be supp1i~d with air
or oxygen as described. in para
gr.aPh 31. _fire hc%ards and extinguishment

Personcl protective equipment 32. If a tank of liquid sulfur does
. 30. Any person· handling liquid . liberate hydrogen sulfide as de-

sulfu·r should wear a hat; safety scnoed in paragraph 12, the gas can
glasses with side shields, and a face form an explosive mixture with air.
shield. (In some cases, a full hood At ·about 80 F~ the explosive range
is used.) . He also needs a. long- is beiween 4.3 and 46 oer cent of

. sleeved shirt; fabric or heat-resis- hydrogen sulfide by voiume.:-: At
tant gloves-without gauntlets, but liqt.';d sulfur' sto:-ag~ .t~rnperature,
long· enough to overlap the sh;=t soom: 270 F, t~e 10w~r eX!Jlosive
cuffs; laced high-top safety shoes or limi.. is roughly 3.3 per cent.:;~ Mix-
boots; and trousers long enough to tures of hydrogen sulfide and air at
cover the shoe tops (Fig. 12). temperatures below 500 F do not
Galoshes with buckle or zipper c10s- explode spontaneously, but require
ures are also adequate. In no case a source of ignition such as a spark
should open-top boots, low-cut or fiame.~ Sulfur itself has a flash
shoes, san~als, sneakers, or perfor- point between about 335 F and
ated shoes be worn.1f)·l;.1S.:z.:;o.:a.;~ 370Ft depending on purity.9 It

bu:-ns but does not exolode. Some
31. In the routine handling of ~kinds of iron· sulfide corrosion prod

liquid sulfur in adequately ventilated
premises, respiratory protective UCt5 smoulder on exposure to air;
equipment is not required, but it they give off sulfur d:oxide gas and
shoul~ be available nearby. If a som~times generate enough heat to
man must enter an area in which ignite liquid sulfur. l

.;: (Several
the air is contaminated with hydro- s~orage tank and tank car fires ap-.
gen sulfide, or with sulfur dioxide p~ar to have been caused this waY7
as in the case of a fire, he should be and in nearly all cases excessive
equipped with air line respirator7 s:eam temperntW'c was apparently
hose mask with blower, or self- a filetor.)
contained breathing apparatus. The 33. The best way to prevent a
face-piece must protect the eyes. He hydrogen sulfide gas explosion is to
should be provided with ~afety belt provide goodven tilation. either

-~--. __._- ._- -- . . , ~ 4 ~l.------.------,-- - _._:.- -~---, .. _-, 0;':'

28. To r::aintain liquid sulfur in
L~ preferred temperature range for
iJar.<iling, L~atis 270 to 290 F, spe
cially des£g:led steam-jacketed or
~-tr2.~d piping, valves, fittings,.
aDd pUr::?l:lg equip:nent are used.
$;l.7~r ~:':-:! S4eam piping· should be
insulatec ~o eliminate the hazard of
borraS. 1:....e:e are no unusual haz
2Ids associated with liquid sulfur.
pip~'g.~,.a.::.:...~ However, pipes .
shou;d be guareed ag:linst corrosion
c::at;S.~d by contact with water and
5:e2:n. Th~y s~ould be inspected
~oCjcz.Ey.

29. A hot sulfur tank should not
be e=::~:ed. The tank should be
em?t:~c Q ILlr as possible, cooled,
~-:ci ·:...~o;"o~ghly purged with clean
~r u::~l tes:s with a hydrogen sulfide
~or s;..ow that the air in the
bottom of tlle tank is safe to enter.

ph:,gging ·.il:~' sublimed sulfur (Fig.
II). 1~. l':".li.. ::

.~ ..26. No sparks, smokingt open
fia..mes, or welding should be per
mitted near any opening in a liquid
sD1fur pit, storage tank, tank carLot-
omer holc:er.. The explosion hazard
is g;;eates~ in the vapor space of a pit

_or t2.:lk which is being f.Hed, or of an
mlvented tank truck or tank car.
~ore f!iiJ-,g, tank cars or trucks

.should first be grounded.9• 20

:<27. ~Ianl1oles and other large
OpQings should· be protected.with
goard ralls or g:-atings. Pit covers
or -~k cove::s which may corrode
should r.ot be used as· walkways.
Inc-,,?~;:::~;::1y ~..lpported walkways
~o~c ~ ?:o...iced.



fig. 13. The worlcaan ;»t~~arin9 to entar an empty lic;loici s\lUur tena:
wears Q full.fate mcuk allaened to a clean air I&,,~. H. itas a .a.:'ne
attend.d by an ou~. man with ."ilao;. '.KU••qU';UD~t.

- . -
sleeved shirts, heo:·,~~. I gloves witnout s{ "n.le:" alu) laced, high.
top safety shoes, as .....e:.! as head and eye pro.ection.
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42. Inhaled hydrogen sulfide
often acts so. quickly 0:1 u~e lungs

. that there is not time to call a doc
tor before an attempt rnus~ b~ made
to r~vive the victim. The following
steps, therefore, should be taken in
the order given:
a. Protect yourself.
b. Summon aid, then proceed with

the rescue.
c. Move the victim at once into fresh,

pure air•
d. Send for· a doctor· and an ambu- .

lance.
e. If the victim is unconscious and

not breathjn~. irnme.iiaieh· aj:>~v.

an 2?proved- method 0: ~..[:~~i;l
respiration and continue it urail
natural breathing is res~v.ed o. un
til the victim is pronounced dead
by a physician.

f.· Keep the patient warm.
g. If it is available, give oxyge:l mixed

with 5 per cent carbon dioxide
through a resuscitator.zs 1:1 the in
itial treatment of the vi.:~im. jf
oxygen mixed with 5 per cent
carbon dioxide is not available.
,it is better to give straight oxygen
than none at all.

First aid

41. A worke: who has been over
come with hydrogen sulfide or sulfur
dio;\;c~ must b~ c~rried at onc~ to
fresh air. Ani;i=ia! resoiration must
be started iwmec:atdy if bre~thing
has stopped. Ii available, oxygen
should be ac:n:nistered by a t~ir.cd

operator. \Vith proper equipment
and training, breathing can be re
stored even in :l contaminated
atmosphere.zs. :!,.Z9. 30.:11

.no immediate adverse effect other
than irritation of the eyes, and no
long-term· effect.19• :.j. 21

38. Toxic rea~tions resulting from
exposure to hydrogen sulfide gas are
usually acute. Inhalation of a high
concentration will produce a dra
matically swift poisoning with com
plete arrest of r~spiration. The
individual falls, apparently uncon
scious, and may die without moving
again.:s

39.. In less acute poisoning. the
signs may be nausea, stomach dis
tress, bel:h:ilg. cough, head:ld:e~ ir
rit~t:o:1 of the eyes~ nose, and ~hro::.:.

al1d blistering 9f the lips. Also, skin
contact with hydrogen sulfide may
result in irritation.:~

40. Exposure to sulfur dioxide
gas results in iUlmediate and severe
irritation to eyes, nose, and throat.
Neither systemic effects nor chronic
effects are known.Z::.::;

EJec.7i~cl e~uiprnent

36. !: h:lS been the experience of
1.':..,: S"~L~i'" inch:str'J t.~at electrical
eq.:ip=e::~ ~~Jr;,; the requirements
for ins~;!.ation in Class II, Group
G !oca:lor.s, according to the Na
tioncl Elcct";cal Code, is satisfac
toa-y.31

Symptoms 07 ?oisoning
37. Su:iu; is a mild irritant. It has

- by~~ or forced draft_9

34. A suL-=tIr .fire in a closed con
ta.iner can be smothered by dosing
2I1 vents. If the tank is large; the
suliw 6~ very hot before the fire
goes out, and must be allowed to

;.- cool before vents can be opened
2g3in. It is preferable to smother

..theiire with stea.~ or to use water"
. ~ fog. (A solid stream of water hitting
".hot su1=;;r in a· closed tank may

.. cu:se a ~~ explosion.) Inert gas .
is less e::~ and rarely available .
i;) s:lffic:e:lt <:~u=ty. Before air is

- 2ZZm. :;~:Iilir~ the fire must be
co=?Ie~~;:-' t::ttinguished, :lnd the
~~;-~~t nave cooled back to nor
mzi L.e~~mre.I.l"1':.18,:%

35. A sulfur fire in the open
should preferably be extinguished
wiI.h w~~er. (Again:J water fog is
mo;e ac;.·;isahle than· solid streams.)
If, for ~::.y t:e4lSOn, water cannot be
'med, L~ bUr:lmg sulfur can be cov
ered with dir'4 sand, or other inert
~~al.~·:a,-:··u.. ::

Trec~ment of burns

43. On being burned by· contact
with liquid sulfur, c1othin~ :md ex
posed skin is covered w;;', a thin,

. hard cO:lting ot- solidified sulfur.
Liqu:d sulfur bums ovel' a sffi:.ll.
area should be covered WiL:: :l ~lean,

dry dressing. The victim should be
treated for shock, and r~iiloved to'.: .. ' '.. '~1

~- -" .: - _.:<.. ':~< ..-"~:~_.~
--------------~---------=----------



This date sheet, one of Q series
published by the National Safety

. Council, reflects experience from
many sources. Not every accept
cble safety procedure in this
field is necessarily included~This
dcta sheet should not be con
fused with USA"Standarcis, fed
eral laws; insurance require
ments, stote lows, rules, regula
tions, or municipal ordinances.
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• ...,v .lIU~' • .; •••V·"~· I.I~~ ~uu.\,6I.. ." JH

;:eat~r :::.:~:;.s are burned, riO attemfJL
sr:9u!~ be w:;.de to remove clmhing
0:- sl:1fur ::-0:11 the affect~d paits be
c:lU:S~ of :~e dang~r of teari:1g the
::~h. I:-.sre:ld, cover the ~~~cted

area with ~ cle:ln cotton sheet or
s~l~ m~~eriaI. Normally, :l?pIi
C2rioilor b~:n ol~tments complicates
~e re~ov:;.l or foreign rna:ter from
~e burned area when treatment
~gins L, t;:e hospitaL::

:hack;l e::::or.;inc~ions

44_ A ?~e-er:'lp!oyment physical
exm::i:Jatlo~ should be made of all .
2?plic~:s for· work L"lvolving pos
sml~ e.x?C5~:e to hydrogen su1i~de.

Workers hz;,ving eye and nervous di
~ or any severe illness should
not be ei01;J!oyed in operations with
?Ot~tial ex?osure:.~ ,

45. S~Dsequentphysical examina
CoDS of personnel who work. on
operations i:lVolving hydrogen suI
f~ can ~ made at intervals deter
~ined by the physIcian in charg~.:7 "

\'/cstaeis?05CI

46. SmaH amounts of sulfur can
best be disposed of by burning, if
this can be done without hazard
to pe:-SO:1~el or without violating
cir-pollut:cn regulations~ Sulfur ex-.
posed to the weather or buried at
i::od~te depths will slowly generate'
su1.~;c acid. If the resulti:lg acidity
is obje-.:::o::a~le, the sulfur can be
mixed wi~~ four times its weight of
c;us~ed l:~estone, marble, or shell,

.a.~ci L~~~ ~uried. .
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DEPARTMENT OF STATE

AGENCY FOR INTERNATIONAL DEVELOPMENT
WASHINGTON.C.C. 20523

January 20, 1976

TO:

FROM:

SUBJECT:

Attached is a memorandum from Bob Snell which, while not
based upon any/great volume of research, directs some
questions at the environmental aspects of your sulphur bond
ing-project which I believe··are worth attention. You are
aware that we have assisted in this project since its incep
tion,. and have evaluated some operations in Colombia•

. .

I recommend tha{you give serious thought to Mr. Snell's
findings and to the possible need to alter the project to
eliminate or at least ameliorate what appear to be sig
nificant detrimental environmental consequences.

We are, as usual,· at your. service.

Attachment:
Memo from Snell to Vogel
Dated 1/19/76

; ,~ ...
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"L~'TED srATES. GOVER.l\lMENT

Memorandum
TO

FROM

sERjENtm, Mr. M.

FJIGRjSP, Robert
..:-. ::: _ .. ~.•.- .

Mr?,~/A"
c. ;11/lf,/;!

, ,

DATE: January ~9, ~976

SUBJECT: Comments ~'f>n Sulphur' ~9nding Project
._;;_4.~ \:,.' .

.. .'. -:. .- -':-.,"::'= ~ .~;::- •.

The sulPhur Bonding"Project financed by TAjOST under a ·contract with the
Southwest Research Institute is investiga.ting the use of sulphur as a
substitute for cement or lime mortar in unit masonry construction.

The FocedUre used on the first houses built involves the m.elti.ng of
sulphur in an open metal container, .over an open fire. The molten sul~~,

a.t a temperature of approximately 1000 C, was then ladled out and applied
to masonry units whi~'were then set in place in the wall being constructed.
After the wall, .orbuiJ.ding walls, were completed to the desired height
a generous, coating:ofmolten sulphur was .applied to exterior and interior
surfaces' with m?ps,.·-_brushes or trowe~s•.

• • • •.....: 't~ .~~"'.:~~:..:~: .c;. -
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Four hoUses·ha.vebeen constructed in Colombia, .S.A., in residential housing
projects. These houses represent a field demonstration of techniques,
materials·. and methods '~of construction using the sulphur as the bonding
material for unit masonry produced locally.

SCIIIe ;'~e:nection o:;'~~~~:';:ethodS ana.-mll.terials invo1ved and the intended
occupancy of the hoUses. as d"Wellings has produced a concern as to the
environIIiental consequences of use of this material. A review of the
characteristics and behavior of sulphur in tbis application and some
of the environmental..,consequences developed the followi.I1g data, impli
cations and conclus{ons.

Sulphur ~ exposed to· oxygen, oxidizes into the compounds sulphur dioxide
(S02) and sulphur trioxide (SO~). Where temperature and humidity are low,
this process is quite. slow proaucing the resulting compounds in a gaseous
state.'· This oxidation process is rapidly accelerated with increases in
temperature. ' The following table givesprobable S02-S03 equilibrium·
concentrations in an,:enclosed space at various temperatures. .

','.
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TEMPEELt\TURE EQUILIBRItJ}!
Parts per Million

Opt °c .802 .& 803

J.04 40 .02

for comparison .2

203 95.5 5.

212 100•. 7.

220 104.5 . 10.

284 140 147.

500 260 23,000.

. .-" ~ 883 445 1,000,000.
,.,'

2

a cammon ambient temperature

8 hour safe exposure,
OSHA Regulation

Melting :point of Sulphur

15 min. safe exposure,
OSHA. Regulation

Flash' point

Boiling point

In environments where high humidity or other conditions inake water(~O)

readily available these gases combine with the water to form sul~urus

acid (~S03)and sulphuric acid (~804). Ignoring the corrosion which
would be produced by these acids in the room, a potentially much more
dangerous condition would exist, in rooms with little or no water vapor.
The inhabitants would then inhale these gases causing the acids to form
in the lungs. Even if each exposure was of relatively short duration,
the resulting lung damage could be cumulative with repetition of
exposure. This danger is especially difficult to detect since these
gases are odorless, tasteless and colorless in dilute quantities, still
above the danger point.

The oxidation (burning) of wood in the house would prcx:luce equally
dangerous CO and CO2, but it is accompanied by visible evidence of the
oxidation process. This visible evidence causes the occupants to flee.
Oxidation of sulphur is not accompanied by such visible and a.la.rming
evidence and the danger and is therefor much more insidious •. In case of
a fire in the house, the rapid production of 802 and 803 due to rapidly
rising temperatures could make the room or any part of ~he house a death
trap in a very short time. The greatest danger under such 'conditions
would be to infants, invalids or sleeping occupants in adjacent rooms •

...
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:3::.e toxici.ty of sulphur chloride is rated equal. to phosgene or chlorine
~~ the toxicity of 802 and 803 is rated equal. to hydrogen cyanide
~-~ 10 times as toxic as carbon monoxide and chloroform.

~.; 5 review has not addressed the environmental aspects of' the :Process
~""'r1 =aterial with respect to the ext~nal environs of such housing units.
E::ch e review cannot be made on the basis of site data available. .A
~-aral.review of' this aspect of the consequenc~s of this project may be
j~"t::.f'ied.

G-=n~ions:

A carerul. and searching examination of the suitability of this project
should ~ecede any further field demonstrationsof~theprocess.

2. A decision should be made as to a method of eliminating the hazards in
buildings already constructed in foreign countries.

'.1
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