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I Georgia Institute of Technology
m ENGINEERING EXPERIMENT STATION
Atlanta, Georgia 30332

October 4, 1984

" Mr. Tom List
U.S. Army Corps of Engineers
Richard B. Russell Area Office
Route #4, Box 244A
Elberton, Georgia 30635-9245

Dear Mr. List:

The Analytical Laboratory has completed analyses of air samples and metal
scrapings collected at the Russell Dam site.

Air samples from five locations were collected and analyzed for gaseous
sulfur compounds and particulate sulfates (as sulfuric acid). Analytical results are
given in Table I. Hydrogen sulfide (H2S) and dimethyl sulfide (DMS) were the
gaseous sulfur species identified and quantitated. Both species were detected in
parts-per-billion levels in the air. These concentrations are low with respect to
occupational exposures. Sulfates, as sulfuric acid, were non-detectable in these
five sampling locations. Mr. Paul Middendorf, the industrial hygienist, who visited
the dam site and conducted the initial survey and sampling, will be sending a
follow-up report on ventilation concerns and occupational exposures to the
detected sulfur species.

Results of the metal scraping analyses are given in Table II. Sample #1 had
significant lead, iron and sulfate concentrations and evidence of metallic compound
formation. Sample #2 contained iron as a primary element with evidence of sulfide
and oxide formation. Sample #3 was an apparent copper tag with sulfate and
sulfide formation on the surface. Sample #4 contained high levels of lead and
copper with apparent metal compound formation. Sulfate formation was greatest
on this particular #4 sample. It was evident from the physical appearance of all
the metallic surfaces and chemical studies that the metallic surfaces are reacting
with atmospheric contaminants and constituents. Metallic surfaces in this
particular environment should be protected from the atmospheric sulfur load. It is
suggested that a high quality marine type urethane coating or similar treatment be
used for this. You should contact a corrosion expert to obtain further information
on this subject.

The environmental impact at the Russell Dam site is a very interesting topic.
Although sulfur emissions appear low in terms of occupational exposures, they may
be significant in atmospheric contributions. A study of the lake and atmosphere is
recommended. High sulfate levels in the lake would be contributing to the

GEORG!A TECH IL A UNIT OF THE UNIVERSITY SYETEN OF GEOKGI A
AND AN EQUAL EMFLOYMENT 'EDUCATION OPPORTUR TY INCTiS _ 7,21



Mr. Tom List
October 4, 1984
Page 2

atmospheric sulfur emissions. The source of this sulfate, if found, might be
correctable. Is there any source of geological hydrogen sulfide from underlying
rock formations? Hydrogen sulfide can often be present in artesian aquifers. Many
facts could be environmentally studied and we would be interested in pursuing
these studies with you.

If you have any further questions, please contact me.

Sincerely,

Marilyn S. Black, Ph.D.
Head, Analytical and
Instrumentation Group

MSB:sek

Attachments



TABLE |
ANALYTICAL RESULTS OF AIR SAMPLES

Gaseous Sulfur Particulate Sulfate
Sample ldentification H2S, ppb DMS, ppb (as H2504)

(1) Dam Block 15,

Elevation 300' nd 5 nd (<1 mg/m>)
(2) Sump Area Block 19C

Elevation 305' 40 22 nd (<1 mg/m3)
(3) Powerhouse

Elevation 297" 70 10 nd (<1 mg/m3)
(4) Spiral Case 100 126 nd (<1 mg/m3)
(5) Outside Dike 3 5 nd (<1 mg/m>)

H2S determinations by methylene blue spectrophotometric method
DMS determinations by solid adsorbent/flame photametric gas chromatography

Particulate sulfate determinations by filter collection/ion chromatrography



TABLE II

ANAL YTICAL RESULTS OF
METAL SCRAPINGS

Metals Detected (mg/g)

Sample Identification Pb Cu Cr Fe
(1) Pipe galley - from unit 2

corroded paint 190 0.01 0.07 110
(2) Powerhouse - well pipe

elevation 279 0.01 0.01 0.01 44
(3) Tag #11 nd 320 ug nd nd

(4) Powerhouse - Tail Water
depressant pipe
elevation 279 20 0.13 0.004 23

Primary Metallic

§Eecies

PbSO4, PbS, PbO, Fez03

Fe203, Fe2(S04)3
CuS, CuSOy

PbSOy, Fe203, PbO, PbS

Analysis by ICP/AES
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INTRODUCTION

In August of 1984 Army Corps of Engineers employees at the Richard B.
Russell Dam and Powerhouse Project on the Savannah River had noticed a stronger
than usual sulfur smell in the dam and in the powerhouse. They had also noticed
that some of the primer paints had changed from a bright red color to a "silvery"

red color.

In response to this situation the Savannah District of the Army Corps of
Engineers contracted with Georgia Tech Research Corporation to survey and
evaluate the conditions on an occupational health basis. Mr. Paul Middendorf
visited the site on August 2B, 1984 and was assisted in sampling by Ms. Nancy
Willoughby on August 30, 1984. Both individuals are with the Environmental Health
and Safety Division of the Georgia Tech Research Institute.

The observed conditions and results of air sampling are described and
discussed in the following sections. It should be noted, however, that the results of
the survey are highly dependent on the environmental conditions in the air and the
lake. As these conditions change the presence and concentrations of sulfur

compounds may change.



RESULTS AND DISCUSSION

Air Samples

Air Samples were taken in 5 locations throughout the dam, powerhouse and
diked area. Two of the samples were taken in the lower parts of the dam area.
The first was taken at elevation 300.0 feet, block 15 F, and the second was taken
at elevation 305.0 feet, block 19 C, near the sump. These two areas were chosen
because they are in the lowest part of the dam and sulfur compounds would tend to
settle into the lower areas. Also, there was a large amount of water turbulently
flowing into both areas from leaks in the dam. Dissolved sulfur compounds would

tend to come out of solution more easily in these locations.

Two locations in the powerhouse were also chosen. One location was inside
the spiral case, and the second was at elevation 297.0 feet, just below the staircase
leading to the spiral case. These locations were chosen because they represented

the highest ascertainable odor levels.

One set of samples was put on the dike which runs parallel to the flow of
water, between the water and the powerhouse. The location chosen on the dike

was in an area which was frequently misted from the water coming over the dam.

The sample results at the dike indicate that both hydrogen sulfide (H3S) and
dimethyl sulfide (DMS) were present in the water. This is supported by the
presence of a large mass growing in the water which runs in the troughs throughout
the dam area. It is suggested that this growth may be thiobacilli. Thiobacilli make
cellular energy by converting sulfur to sulfuric acid (H2504). When the oxygen in
the water is used up, sulfate reduction takes place, releasing H2S. If the pH of the
water is 7-8, then H2S exists mainly as H5- and H3O*. Water samples could verify
the presence of H250, and H>S.

The sample results (summarized in Appendix C) indicate that H2S was present
at all loctions sampled. The highest results were found in the spiral case and in the
powerhouse. However, even these levels were below the currently accepted

guidelines for occupational health (see Table 1). Of the samples taken, the lowest

-2-



levels of H2S were found at Elevation 300.0 feet. In one of the samples the levels
were below the detection limit. In the other sample the level was determined to be
1 part per billion of air (ppb). This may have had lower concentrations because the
ventilation system had been turned off only two days before and the concentration
of H2S may not have had a chance to build up. Levels at the sump were higher,
possibly because the turbulent flow of water in the area allowed for a greater rate

of release of HjS.

No sulfates were found above the detection limit of the sampling and

analytical method.

Please note that the air sample results presented in the letter to Mr. Tom
List from Dr. Marilyn Black dated October 4, 1984 are slightly different than those
reported here. Dr. Black estimated 2 hours on each sample; however, actual times
varied slightly from that figure. The results pfesented here are the more accurate

results. The interpretations of the results, however, are not changed.

Ventilation

Ventilation measurements were taken with an anemotherm, a type of air
velocity meter, and air flow patterns were observed using ventilation smoke tubes.
Volumetric* flows were calculated from estimated inlet and outlet areas, and

average linear air flows were measured with the anemotherm.

The ventilation fan was set in a passageway leading to the outside. The
calculated volumetric flow rate at the fan inlet was 35,400 cubic feet per minute
(cfm). At the doorway to the outside, the volumetric flow was calculated at 12,755
cfm. A ventilation shaft was designed into the structure of the dam leading from
the 327.0 foot elevation (Block 28D) up to the passageway and the doorway. Air
was flowing through this shaft down to the 327.0 foot elevation level; the
calculated volumetric flow through the shaft was 21,600 cfm. Obviously, a large
portion (about 60%) of the air being exhausted by the fan was recirculated to the
level below, thus limiting the effectiveness of the fan in removing contaminants
from the dam area. This indicates that the resistance to flow is less through the
ventilation shaft than through the passage to the outside.



#Calculated Flow Rate Out (cfm) At Fan Inlet (cfm)

Doorway to Outside 12,755 35,400
Ventilation Shaft 21,600
34,355

The differences between the calculated flow rates in and out of the system are

within the errors associated with the measurement techniques.

Air flow patterns were checked at several locations on elevations 300.0 feet,
305.0, and 327.0 feet. The flow rates were found to range from 40 feet per minute
at the locations furthest from the fan, up to 160 fpm at locations closer to the fan.
The air flow patterns were generally laminar rather than turbulent, indicating that
the existing flow rates were efficient, from an energy viewpoint, at moving air

through the passages.



Recommendations

1. Although airborne levels of sulfur compounds are well below any of the

current occupational health guidelines, occasions may arise where it is necessary to
reevaluate the levels of these compounds. Unforunately, the employees of the dam
and powerhouse do not have immediate access to the services of an industrial
hygienist. However, it may be possible for them - the site personnel - to screen
the levels of various sulfur compounds when there is concern. Screening can be
accomplished by a number of different methods including: indicator tubes, passive
monitoring devices, and calibrated H2S detectors such as sewer district workers
use. Of the three methods, the indicator tube may be the best for the purpose of
spot checking. The passive monitors must remain in an area for a significant
period of time and analysis may take several hours. The H2S detectors are
battery-operated and the batteries would need regular charging, as well as periodic
calibration. Sampling with indicator tubes takes a very short period of time, gives
immediate results and can be stored in a refrigerator for periods up to three years.
Several employees would have to be trained in the use of whichever method is
chosen. If readings indicate levels in excess of one-half the TLV, an in-depth

industrial hygiene investigation should follow.

2. The monitored levels of air contaminants do not indicate that immediately
dangerous to life or health (IDLH) levels are likely to be encountered. However, if
the conditions change substantially, the possibility should be included in the
development of any emergency preparedness documents and employees should be
prepared for the event through training. Table 2 gives the IDLH levels and
minimum acceptable respiratory protection for various sulfur compounds according
to the National Institute for Occupational Safety and Health (NIOSH).



3. In the event that the ventilation system in place on August 28, 1984 is needed
again, it would be better placed several levels higher in the same stairwell, beyond
the air shaft. This placement would prevent the recirculation of air through the
shaft from the level below. It would also increase the total ventilation of the

lower levels of the dam.

This Report Was Prepared By: .

Vpauléf‘f\diddendorf,zl
Research Scientist,~ ”

This Report Was Reviewed By:

Kenneth A. Smith, Head © —
Industrial Hygiene Branch

PJIM:dl]



TABLE 1

OCCUPATIONAL HEALTH GUIDELINES

OSHA ACGIH NIOSH
10 MIN. 10 MIN.
COMPOUND PEL CEILING |CEILING|TLV STEL TWA CEILING
Hydrogen Sulfide | -- 20ppm S50ppm [I0ppm |15ppm -- 10ppm
Sulfuric Acid Img/M3| - - Img/M3 | -- Img/M3 | --
Dimethyl Sulfide | -- - -- - - - -




Hydrogen Sulfide
Carbon Disulfide

Sulfide Acid

Sulfur Dioxide

TABLE 2

Minimum Acceptable

IDLH Level Respiratory Protection at IDLH Level
300 ppm F ull-F ace Supplied Air Respirator
500 ppm Full-Face with Org. Vapor Chemical Cartridge
80 mg/M3 Gas Mask with Acid Gas Canister and HEPA
filter
100 ppm Chemical Cartridge Respirator with Sulfur

Absorbent



APPENDIX A
Federal Occupational Safety and Health Regulations

29CFRI910.1000 Air Contaminants
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OCCUPATIONAL SAFETY AND HEALTH STANDARDS
SUBPART Z — TOXIC AND HAZARDOUS SUBSTANCES

(Code of Federal Regulations, Title 29, Chapter XVII, Part 1910, Subpart Z;
Revised as of July 1, 1979; corrected by 44 FR 50338, August 28, 1979; amended by 44
FR 60980, October 23, 1979; corrected by 44 FR 68827, November 30, 1979; amended
by 45 FR 12416, February 26, 1980; 45 FR 35212, May 23, 1980; corrected by 45 FR
54333, August 15, 1980; amended by 45 FR 67340. October 10, 1980; 46 FR 6228, Jan-
wary 21, 1981; 46 FR 32021, June 19, 1981; 46 FR 60775, December 11, 1981; 47 FR
51117, November 12, 1982; 48 FR 2768, January 21, 1983; corrected by 48 FR 9641,
March 8, 1983; amended by 48 FR 53280, November 25, 1983; 49 FR 25796; June 22,

1984)

Subpert 2—Texl: and Hazardous Substancer
Bec
1910.1000
1970.1001
1910.1002

Alr Contaminants.

Asbertos

Coal tar pitch volatlles, interpre-
tation of term.

4-Nitrobiphenyl.

alpha-Naphthylamine. )

4.4'—M=>thylene bis (2-chloroani-
line). [ Deileted]

Methyl chloromethyl ether.

3.3 —Dizalorobenzidine (and its
salt<)

Dis-L niorometnyl ether.

beta-Naphthylamine.

Benridine

4-Aminodiphenyl.

Ethyleneimine

beta-Propiolactone

2-Acetylaminofiuorene

4-Dimethylaminoarobenrzene.

N-Nitrosodimethylamine

Viny) chioride

Inorganic arsefuc

Lead

Benzene [Deleied]

Coke over emissions

Cotior: dus:

1.2dibromo-3-chloropropanc

Acryloaitnie

Exposure 1o cotton dust in cotion gins

|Deleted]

Etbylene oxsdc

Haprd Communicauon

1910.1499 Source of standards

1910150 Standards organizations

$1910.1000 A contaminants

1910.1003
1910.1004
1910.1005

1910.1008
1910.1007

1910.1008
1910.1009
19101030
1910.1011
1910.1012
1910.1013
1910.1014
1930.1018
1910.1018
1910.1017
1910 10)8
19101025
1910 1028
19101029
1910 1043
1910 1044
1910 1045
1910 1046

1910 104°
19101200

this section shal) be Mmited in accord-
ANCe WILN e soywiicauenls 0 the 1ICuowW-
ing paragraphs of this section.

(a) Table 2-}:

(1) Materals with names oreceded by
“C—Ceiling Values. An employee's ex-
posure to any matenal in table Z-1, the
pame of which is preceded by a “C” (eg.,
C Boron trifivoride), shall at no time
exceed the ceiling value given for that
material in the table.

1\2) Other materigls—8-hour time
weighted averages. An employee's expo-
wic to any matenal in twable Z-1, the
name of which is not preceded by *C”. in
any 8-hour work shift of a 40-hour work
week, shall pot exceed the 8-hour time
weighted average given for that material
in the tahle

(0) Table Z-2

(1) 8-hour time weighted averages. AL
employee's exposure to any materin!
bsted in table Z-2. in any B8-bour work
shift of a 40-hour work week, ahali pous
exceed the 8-hour time weighted average
limit given for that material in the table

(2) Acceptable ceiling concentrations.
An employee's exposure t0 & materie!
Msted in table Z-2, shall not exceed at
any time during an 8-hour ghift wie ac-
ceptable ceiling concentration limit given
for the material in the table, except for
& time period, and up to a concentraiion
rot exceeding the maximum durstion
and concentration allowed in the column
under “acceptable maximum peak above

318301
(3) Erample. During an $-bour work
shift, an employee may be exposed to &

concentration of Benzene above 35 ppan
(ut never above 50 p.pm.) for

maximum period of 10 minutes. Buch
posure must be compensated by
sures {o concentrations less than 10
p.pan. s0 that the cumulative sxposure
for the entire 8-hour work zhift does not
exceed a weighted average of 10 ppm.

(c) Table Z-3: An employees expo-
sure to any material listed in table 2.3,
in any 8-hour work shift of a 40-hour
work week, shall not exceed the 8-hour
time weighted average limit given for
that material in the table.

H

(d) Computation formulae

(1)(1) the cumulative exposure for an 8-
hour work shift shall be computed as
follows:

l=c-1‘.+cyh+ v e 0-1‘.

where:

K 15 the equiva.ent exposwe 10r the work.
ing shift.

C 1 the concentration during any perica
of time T where the concentration remalins
constant.

T 1a the duration In hours of the exposure
at the concentration C.

An employee’s exposure to any mate- the acceptable celling concentration fa:  °‘The value of K shall not exceed the 8-
rial histed in @bk Z-1, Z-2, or Z:3 of an 8-hour ghift". hour time welghted average imit in table
[Sec. 1910.1000(d)1)]
7-12-84 Publishec by THE BUREAU OF NATIONAL AFFAIRS, INC., Washington, D.C. 20037 13
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g 1% e ’ thy tarcd N dimethyy T
B =0.500 + 0.325 + 0.300 Chiordane sk 111 8 e W e N i ethyd .
RBa =0825 Chionnsied cam phete— Sk 05 | Dimethvibenzene, soe Xylene . =
) Chiorinated d)pbery. oride L Dimeihyi La-hibre S TTTTTTIT s
8ince E. is Jess i € Chlorine 08 | e Paerhane
Bimce 2 st iy 1)t e | SRy R Ml ,
. acce hlonne wifluor ymethy Momi.a~ade—SKir. ... 36
Hmits. le s‘g:.‘:r!uouulde“?di _________ f g ‘ ; Z.GDXlm)nl.)'!bripllln’or.'s.lz ..... ¥ x
() : oace L.oPhennTre nsobulyi Ertone
¢) To achieve compliance with para- L (pbenaryichlonde . ... ..... o o8 o 11 Pimethyiny drazine—8| [Y)
graph (a) through (@) of this section, | Cpoen " oo 3| Dimeinsiphitaiae - s
sdministrats : el imethyisultste—§ Ty
must ve or engineering eontrols u' o-Chiorobentyiidene o " % Dlr.urobml;en:fuli.ummum ! s
first be determined and tmple- | c:;;logomlmugcald; ....... 0os 04 D,Shv.., .
mented whene i obromometharie ......... it b cres0i— 8K LTI
eontrols as 'le; 1“;"":‘-’ zgﬁl such t%;lgc-ubuua.'e:f._... 0 1,080 {;lnlntho:B~ne e ¥
ve full TOPrene. ... ...........c.o.ooo o1ane ( lrlkykm dlondc)— ---------
scompliance, protective equi Chilrodipheny! (42 percent T S A
other protective me.sueqm p.hm.mn ‘b:fuln)'”d cf.:,‘gd'ghm‘% M perent T 1 D hiethare - S ¥ *
“percent nylmethan
£0 keep the exposure of employees 1o air | (oo e 0y | e meinyiens bépr',;n'“,x“"“'
contaminants within ti 1 +Chioro.2 3-epory propene, see socyanair (MDI3. e,
scribed in thi ts pre- Eprchlorhydrin. ... ........ Dipropylenc glycol methyl’ ST oo
this section. Any equipment | 3Chiororthano:. see Ethylene T ether—8¥In. . .. ............ P
and/or technical measures used for th ehlorohydrir .. ... ......o...... Dissc. oc15] phthalste (Di3-
purpose must or this | Chioroethylenc see Vanyy T ethythert Iphihalsie) .
be .ppmed for each par- chloride ... ... .. . ..eeeen.. Endrin- Skir. .. .. -------------- :
ticular use by s competent industrial C Chlorofarm Gnchioro- T Epichiorny drir — Shin. '
hygienist or other techni i s von 0 T Footnurvpa - "
T hnically qualified | }-Chiorc-)- -nitropropene . . 2 ¢ 12.-Fporvpropant. see s
person. Whenever respirators are used Chloromenn .. ! ol l“a’ Propyvieneoride. . . _...........
their use shall comply with § 1910.134. Chioroprens G<hioro 13- 23 Fpots d-propunot see
- - . sene) —Skin. . e 2 0 ge footantes at eod of table T
See footnotes at e0d of table
- [Sec. 1910.1000, Table 2-1)
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TOXIC SUBSTANCES 31.8303
Table Z-1-Continued Tabie Z2-1-Continued Tadbk Z2-1-Continued
Sobstance ppme mg it Subdslance ppm* Wy /M Sudetance | XX 1 L ¥,
Methy) eslicsoive —BRin. ....... » % ioalum Buoresc tate o~
llhlr::lhtol [ ] tmyM 'u:m',-l esliasalve acelate—Bkin .lo l.il: “ .. [
eapian thy) chlorodarmm. ......ceccnee U mh droside.
EBthanolamine L4 'M.J uuh;kycbhum_ eaens 00 2 6o vild :
$ Rthoryrihanol—BEIr 0 Methylcyciohessnol 0 @0 yg 109
3 Eihoxyethylaceinte (Cello- 0 o-Methyleyclobexanone—Bkin.. M0 0 Strychnine. . [T
potte acviate)— Bkl ... o et Methy) sthy! hetone (MEK), Sulfur Glozide »
thy) acrtate. . ... . @ '"xm 900 2 BULADODS . «..onrvnenneneeannsssennmaannenszznns Mo bexaf L
thy) eerylate—Kkin . ] Mothylformate. .. ...... 300 280 Sulturic ectd _. 1
thyl slcohol (ethanol) 1,600 1,900 -..h,l sodide—Bkin [} » s
thylamine. » » Methy 1 isobuty! carbinol— BXin. » M0 ; ay
thy) sec-amyi ketone (5 Methy! tsobuty] ketons. pee Sulfury! Suoride .. . ®
methyl-S-heptanone). .. ...... » 10 Hezone.. e Demetan @.... ... ... ... ..
Bthyl berzene o S Methylsocysnate—8kin. ... @@ 88 |gqer »
thy} bronilde. 00 C Methy) mercaptan.......... W 8 g gy T [
nml'b‘:tyl ?ﬂmv e - -0 mz.:y: lnthn{;ybu. .- (§]
epuanOne) .. .. ...o.o..o. propy! ketone. see 1
thy) ehloride . 1,800 1,800 P;gunonz .............. :g
thyl ether. . .. ©0 Lo C e Mathylotyrene ........... 180 L TEPP ............................... et
Bthylformate. ... 0 C Msthylane Nthcnyl ________________ i N
€ Ethy! mercaptan. . » bod feocysnate (MDI)............ (X 1 L ¥ l.l 1.3 tnchhoz.ulﬂwo
Ethyl sdllicute. ... ..... M0 8o s | .omane o ()] L%
Bihylene thlﬂrﬁh,dﬂh'—.' L3 18 » ,,1.2.2 'I‘mu:hluol,’-dlﬂuoro
Rehylenediamine ... ... ..... » B |  lmoloblecompoands.............cpoeeee M| Cethane o0 L
€ Ethylene glyeo! Qinitrate ’ nu'nwhhmm.m—sm s
sndjor Nitogiycerin—8kin... 402 1 s | Tyachloromethanc. e Carbon
Ethylene giycol monamethyi bl Tetrachlorcnaphthalene—Bkin . .
er3e: neetate, soe Metbyl , 1 Tetrsethy) lead (s Pb)—Skin ()
v boBIIT D SR .. ... eeeeiiiiiaicnans I e 007 Tetrshydrofuran. ... .. ... ...
Etocienc1s. . e—8kin ... ... [ ¥ T'“" m_’:] M(-Pb)_ ________________ PY 70
Ethylidine chiaride, gee 1,1- '“ 'rmnnnmmam»— s ,
loroethane . ... . . ... ..ccco.iinieiiieniaees Ceeeean R PSSt Rt SRR
'l‘ctnnnromethnn ............. ) )
N-Ethylmorphotine—8kin » n » Tetry) (2.4.6 trinltrophenst
POTDEMm . ..o o oenre e e e H H methyinitramine) —Skin.................. 18
Perrovanadiom st ... .ooorcouoensnenes H s Thallium (soluble
Fluoride (a8 F).........ccooomenennns rYi 03 160 .% mﬂs)—&m O TLoo e : )
mmxric'maomemme.. L 8, &0 [ 9 Tin (inocgank empds, exerpt
Pormic seid. - ... 2 » ide. w, s oxides 2
Purfursl —Skin C Nitroglveenin—Skin - N i Y. el
Partury] aleohol ... ... ... o 0 Nitromethsne...._.. 100 80 c T;mz.mmm _____ (Y] 04
Glycidol 2.3 Epoxy-)- w §-Nitropronane. 3 % oToluldine—Skin ... ... . s 7
NOM ool % N1 ne. ... 2 % Toxaphene. poe CM‘M
R Eolhl;m?lhﬂlﬂbﬂ »oe Y;:trmo Dene -Slg:‘. ............ [ o eamphene. ... ... ...
L ELDOTVelRBDO). . et trotrichlorornethane, see Tribaty! .
v. -thion §. sre Azinphos- Ch L2 8 1)) 4 m:‘h‘.‘;c
iethy] L3 Methy! chloroform
B8 nBIM. Lt us | Ocare .- G 235 | 42 Trichloroetbane—
Beptachlor—8kin. . ...l as n'nmn m:o’:ldg & o0z 1‘ﬂcn i
Hepane (n-heptane)..... 800 2000 8‘..;,?’33 N 1 hioromaethane el
Heaachlororthane—SEin ... 1 “" . Oxnen aifiuoride :; mchla'mphunhm—ﬂm.
oat—Bkin .. el Trich Boro
R 8 | I Te
0 Pentaborane . ... ............. e 'n-um laroine .. ..ol L.
y
Bexome (Methy) tsobuty] ‘enu:hhromvhthdem—slln as oromonobromomethane .
BOIONC). ... oonrienicanannn 00 410 08 |94 tmnxrrophenol e Picric
prc-1lexy] nortate I: OOL s ;gmr ----------------------- 1:3 1{, ................................................
a-exine —&kin ONENONE. ..o 2.4.¢ Trintrophenylmethy}-
2;6 er. bromide .. 3 10 Perchlornmethyl marcaptan ... ol ae nitramine. goe T{try ’ ____________________________
?rwm chloride. . . 3 7 Perchlory] fluoride .. 3 133 | Trinsrotoluene—Skin. .. ... s
Hydecr evantie—Skin w L] Petrolentn dintfllates (naphths’. 800 2,60 Triorthocresy! phosphate .. X
Hyd:oger, peroside (805} 1 14 Phenol—8kin. . . _............ s Ll Trinher.y! phosphate.. ... .. 2
Hy 4:open selentde . Qs 02 p-Pbenyiene diamine—5kirn [ §} Torpentine ... ...._......_.__. [ ]
Hydrojoinooe. .. 2 Phany| ether {(vapor'. Y Unabiog: (soluble eampoands . _.._...... (Y5
Clodine. . _.... 1 Pheny! nha blphcnyl Ursnium (imnsoluble compounds, . _.......... [ &)
Tron o1ide fume 10 mivare ( i 1 ) C‘\' snatur
IsceTy] scetale o Pher: k.h,kn, ;;;;y';,;;'"' Ap Bt 0s
Iscamy) alcoho » ,,M_’, s ethe (PGE T @ PP 70y fume. .. ... e
Isubuty! scets o JIF 3. E' Leee s z Vin:! henzene see Stvrene ...._....... ...............
Isobuty] alcob 0 h’ Lhyd;u:ne— 1 i Vinvlevamiae, see Acrylonizrdie. ... . .
Isopborone 2 W Ao (Meviophae § ) o ;m\x toluene ... AN 10 L
Imcetate ..._.......... 20 8 | O BEIT. ol ardarr o
ll::grr%{) ateoho! o0 L "'0'0' (carbony! chloride:. o3 84 | Xvlene avio! 100 o
]”prap)-hmine e - L] 12 Phosp!‘lnt.,.“_.’.& """""""" 1 X yhdine— Skt L s
Jsoprop; keth . M 2. f0 P! "“b“p""”‘ ey Y Yitriur... 1
bopropyl ;)ycldyl ‘sther ('IOZ). © b Ay phorus (yallow ). e ' Zinc ehloride f i
. . (Y] ce osphorus pantachloride Zinc axide fame. s
us F‘::%“'w“‘ rehnde 3 | Zirontuz compound: fas s
& oo f a 12 Part; of mwnﬂhmmdmm
1..P.G. (hquided petroleam o 1800 [ §} nﬂ.edm'byvﬂumcl"’s‘c and 760 m:m Hg pressure
-------------------------- L 1 . n:‘:ppr:;lmu milligrams of particplate per enbic
'Y
‘: (No footnote “c” fs msed to avold confostor witk
H @002 | odling valoe notations )
20 L ¢ Ap stmaspheric concentration of pot more thar
940 [T /] pgn or personal protection may be mecessary
200 to avaold hesdeche
--------------------------- w 10 ¢ This standard apphes in cotton yarr manu-
0 facturing unti! compliance with £1910 1043 (c) and
............................................ ’.g (e) is achieved
x gg [Vinyl chloride deleted at 39 FR 12343 April
Mot :;;;:m {propyne) .. 1. L § | 51974, hslmg for arsenic amended a1 43 FR
mistare (MAPP) . .._._..... 1,800 180 u 19624. May 5. 1978 acrylonitrile deleted a1
&gzkﬁnm—Mr“) L-lg I.lg . 43 FR 45809, October 3 1978. footnote added
dimatharymethane). . for cotton dust a1 43 FR 27394 June 23. 197%
alcohol (metb. - [ B} : : y
:::;': A °""°') _____ ’3 "g oaon | official corrections to Table 2-1 a1 43 FR
Methy] amy! aleohol, pee 15 57601, December 8, 1978. chlorine ceiling
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stayed. 1 ppm TWA restored at 44 FR 7140.
February &. 1979. chlorine ceiling reinstated.
admumistrative stay lifted at 44 FR 41427,

Julv 17. 1979, effective October |5, 1979;
(Sec. 1910.1000, Teble 2-1}
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REFERENCE FILE

31:8304
Tadbie Z-2 (c) Methods of compliance— (1) En-
Arcoptatie snasimum peat above gincering methods. (1) Enpinecring con-
$hour lime Acceplatie the areapia Lie Mllr‘mmm- frols Engineering controls, such as. but
Materia! welghted eelling tion ler an 8-hour shi not limited to. isolation, enclosure. ex-
average esncentration . .

Cencentration  Martmum haust venulation, and dust ecollection.
duntion shall be used.nl.o mect the exposure limits
e eeieereans s Wppm. . . W minutes prescribed paragraph (b) of this

?g&?"::&mﬁﬁﬁum"—mul !.: KI'. . Ie(;l'-l‘on."“ . " 4
o »wm CImg M. ... NRmeAB ) al exhaust ventilation (@)
N:;:'n: :.'-.-'-'«%::'1':3).'.".2.ZILZI'.ZZ'.: .}::.’;.. ....... 83me M ... Local exhaust ventilation and dust eol-
Carbon dimulte (23731008, ... ... VpPpm....... Xppn........ :D-D-n------- :";!-'::h Jection systeins shall be designed, con-
Carbon tetrachiarkie (737.17-19%7) 7" o p pan. Ll Wppm L0 L Snrdmoun.  Structed. installed. and maintained in
Chremic orid and chromates (Z37.7-1971) ... ......eveens Mg IOM accordance with the American Nationa!
:thyhno ditwomide (Z37.31-1970) ... ..... LWppm........ 0ppm.__..... :wr-r-m. ....... lm!m-':” Standard Fundamentals i the
thylene dirhloride (237.21-1009).......... Wppm........ PPB....... ppm....... .:In:ll. M:‘n. Design and Operation of Local Exhaust

Pimoride an dnst (Z37.30-)000) . . .......

Permaldchyde (L) 1 1w7) . 30 minuten.

Rydrogen woride (7.37.30- 1989} . - 20 minorer
Myéregen sulDde (197.2-0908). ... . ...oiiiaiieniaen min u”m
olher measur-
ahle rtposure
Land and i3 Imergamic compounds 6.2 mg’'m’ oo,
(2 37.13-1089 g /1M ©
Mareury (7.8 1%71) _ ... e eees R SRR T
23T 181968 L. 0ppm.....WWppm......... 00 ppm, ... S minutes In
Methvl (Rong <737 1 ' PP o
Methviens Chinrade (737 231969 .. Moppm... .. 180 ppm.. . ....2000ppm..... Sminuiein
ALY aohme st eny 2 hours.
Organo (alk yN mercury (Z37.30-198) ...... 0.01 mg. meM i
? S teeieeceanaran 100ppm..... 0 ppm_...._... . §minuter In
Btyrene (23 15190 p.p minute to
Tetrachioresthylens (Z37.2-19867) ... ... j0rpm ... .20ppM ... ... l:-'l‘nu'l::\n
Toluene (Z3:.82-9887) .. ... .. ... ... WPy m_o... Wppm._........ 0P m. ... 10minnien.
Trichlororthriene (Z37.39-1967)...... ......IMppm L00pPT L IWppm. ... ll:\lnuzlf,:rn
ny b

[Tabie Z-2. footnote | deleted by 46 FR 32021, Junc 19, 19§1]

Tehle 72 -3—AMineral Ducis Aererdynamic Alameter

J— Percent pacsing
(unit dencity sphere) wrlector
Aytstance Mppefe Mg M -
— 2 L4
Silies 28 1]
talline 1 ¥} »
C'Q’:u'm (respirabie; _..... . 2t Wng\te 80 ’:
T Q1 — »
TeS10:48 T S142 —— =
mg Mt The meaturements under thin note refer W the ge of
Quarts (total dust)....ooooonnono e M oan AR et yment. " |\i;rkr£\pn.'}:o fraction o rosl
duct (< determinved with a the figure eswre-pnding
Cristohglite U'er 14 the %102 42 tothar of 2 4 Mg M7 ihe 1ahle for coal dust 10 g8 Mg '\I3
walue calcota'~1 fron: the
eount ar mavs Inrmaler for
arty
:_\-m"' Ve 15 1he valve § 1910.1001 Asbestos
eal~ula'~d trnm the for- X o
muins for quartz 12} Definitions P.':or the purpose of
Amorphous. nrluding natural 2 e this section. (1) *“Asbestos” includes
"

dmtomeceous earth ... chrysotile. amosite. crocidolite, tremo-
lite. anthophyllite, and actinolite.
(2) “Asbestos flbers” means asbestos

fibers longer than 5 micrometers.

[ XMW
—_—

Stit~s'es (e than 17 cry~
UL

:‘,,’;:.M. ?,‘2 (b} Permissible exposure lo airborne
Tate innmachwcine form: 2 concentrations of asbestos fibers—(1)
Talr ',';""'U" Use ache stos Standard efcctive Julv 7. 1972. The
Tr':‘rr:nhn(w talc. Ahrous) o 8-hour timnc-weighted average airborne
Ot s =T s concentrations of asbestos fibers to
Cosl dust (resptrat.le fraction which any employec may be exposed
Boms than 5 SIO) o 2.amg' giiall not exceed five fibers, longer than
o . 5 icrometers. per cubic centimeter of

Fot more than ¥% S105....coennnnnn oo 1ns™M' air, as determined by the method pre-
. GE+2 geribed In paragraph (e) of this section.

T e et B smeM (2) Standard efective July 1, 1976.
Totaldust. ._.............. % mg ¥ The 8-hour tim2-wcighted aversge air-
borne concentrations of asbestos fibcrs

) to which any employec may be exposed

Norr fanvrrdnn fartore - shall not exceed two fibers. longer than

SPPefX 38 3= milion party iee et cublc meter

wprarty e fer o0

* Milhiene jmribbe gwr euble fnont of gir hawsl an
tmpinger sample coutnted by gchtficodd aechines

" The gurrentage of reyctalinge siics In 11e formula
fa the annunt determins] fnon air-tnrie W mples, ea-
erpt 11 thore ot tate < In vtikch other methindt Lbats been
shown to he ampeplr atile

® gath fFuncenttal on AnA (ereent quarts for the stk
@1ion of this hnot wre §a e sletermiiemt ficanu the ha 1ot
Pareing & WUre-sebevior with the following charerterstbs

*Cenlslning < 17, quarts; I > 1% Quarts. use quart?

5 micrometers. per cuble centimeter of
air, as determined by the method pre-
scribed In paragraph ¢e) of this seciion.

t3) Ceiling concentration. No em-
ployec shall be exposcd at any time to
airborne cencentrations of asbestos
fibers In excess of 10 fibers, longer than
5 micrometers, per cubic centimeler of
alr. as delermined by the method pre-
scribed i paragraph (e1 of this tectior

Occupotiono! Sofety & Heolth Reporter

Bystems. ANSI 29.2-1971. which is In-
corporated by reference herein.

(b) See §1910.6 concerning the avail-
ability of ANS] Z92-1971, and the
maintenance of a historic file In conncc-
tion thercwith. The address of the Amer-
fcan National Standards Institute is
given In § 1910.100.

(i Particular tools. All hand-op-
erated and power-operated tools which
may produce or release asbestos fibers
in excess of the exposure limits pre-
scribed In parsgraph (b) of this section,
such as, but not limitec to. saws, scorers,
abrasive wheels, and driils, shall be pro-
vided with local exhaust ventilation sys-
tems in accordance with subdivision (i
of this subparagraph.

(2) Work practices— 1) Wel mrthods.
Inzofar as practicable, asbestos shall be
handled. mixed. applied. removed. cut
scored, or otherwise wotked in a wet
state sufficlent to prevent the einission
of airborne fibers in excess of the ex-
posure limits prescribed in paragraph
fb) of this section. unless the usefulness
of the product would be diminished
thercby

(1) Particular products and opera-
tions No asbestos cement. mortar. coat-
Ing. grout. plaster, or similar material
containing asbestos shall be removed
from bags. cartons. or other containers
in which they are shipped. without beinr;
either wetted. or enclosed. or ventilated
80 &5 to prevent effectively the release of
airborne asbestos fibers In excess of the
limits prescribed In paragraph (b) of
this section

1) Spraying, demointion, or removal
Emploveec engaged th the spraving of
ashestos. the removal, or demolition of
pipes. structures. or equipmest covered
or Insulated with asbestos. and In the
removal or demolition of asbestos in-
sulation or coverings shall be provided
with respiratory equipment in accord-
ance with paragraph ‘d) 2 (}ilv of this
section and with speclal clothing in ac-
cordance with paragraph (d)(3) of this
section.

(d' Prrsonal protective equipment—
{1} Compliance with the evposure IInits
prescribed hy paragraph (h! of this sec-
tion may not be achleved by the use of
respiraters or shift rotation of em-
ployecs. except:

1y During the time perind necessary
to Insiall the engineering controls and
to Inctitute the work practices required
by peragraph (¢! of this section:

() In work situatjons in which the
methods prescribed In paragraph (c) of

ISec. 1910.1001{d1(21(n}] 16



APPENDIX B
Sampling and Analytical Methods

Hydrogen Sulfide
Total Sulfates
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SULFIDES
Including Hydrogen Sulfide and Dimethyl Sulfide

Air Samples for sulfides were collected by pulling a known volume of air with
MDA Accuhalers through a Tenax tube.

In the laboratory the adsorbent tubes were thermally desorbed and aliquots were

injected into a gas chromatograph. The different sulfides were identified by their

elution time and quantified by comparison to peak areas of known concentrations.

-15-



SULFATES
Including Sulfuric Acid

Air Samples for sulfates were collected on mixed cellulose ester filters by
pulling known volumes of air through the filter. Calibrated DuPont - 2500 constant
flow pumps were used to collect the samples.

In the laboratory the filters were extracted by immersion in solvent, and the
resultant solution was injected into an ion chromatograph to determine the presence of

sulfates.
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APPENDIX C

Sample Results
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A-3955

Report No.
INDUSTRIAL HYGIENE SAMPLING SUMMARY
Plant Richard B. Russell Dam and Powerhouse Materials
Dam Area

- Pump_ Descriogd S;mpii:g 3an1e S;Tple 1 Concentration

te scription erio olume me | s DMS?  Bulfat
Nusber Start Stop (Liters) (Min.) 2 i eBP

4492 Block 15F; Elevation 300.0 Fc. 10:13 12:17 12.4 124 ND 5 -

10771 (Dam Area) 10:13 12:17 124 124 - - ND

10775 10:13 12:17 124 124 1 - -

3230 Block 19C; Elevation 305.0Ft. 10:39 12:29 11.0 110 37 20 -
4307 (Sump Area) 10:30 12;27 117 117 - - ND

. ] Sample
7710 10:32 12:31 | 119 119 Voided _ _

* Parts of contaminant per billion parts of air
1 Hydrogen Sulfide
2 Dimethyl Sulfide
3 Total Sulfides including Sulfuric Acid

ND = None Detected
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INDUSTRIAL HYGIENE SAMPLING SUMMARY

Richard B. Russell Dam and Powerhouse

Report No.

A-3955

Plant Materials
Powerhouse Area
Date Pump Deacription S;:tizgg 3:?3:: S;:::e 1 Conceztrltion -
Nusber P Start Stop (Liters) (Min.) H2S DMS Sul fate

3317 Georgla Side of Powerhouse, 11:12 1:28 13.6 136 6l 11 -

11256 Elevation 297.0 11:07 1:28 141 141 - - ND

10754 11:11 1:28 137 137 80 - -

3412 Inside Spiral Case 11:28 1:36 12.8 128 115 132 -

11:28 1:36 128 128 - - -

11:28 1:36 128 128 113 - -

% Parts of contaminant for billion parts of air

1 Hydrogen Sulfide
2 Dimethyl Sulfide
1 Total Sulfates including Sulfuric Acid

ND = None Detected
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INDUSTRIAL HYGIENE SAMPLING SUMMARY

Report No.

A=-3955

Plant Richard B. Russell Dam and Powerhouse Materials
Dike
Pumd Sampling Sample Sample Concentration *
Date ;ﬁ:ﬁ Description Period Volume Time 1 2 | )
er Start Stop (Liters) (Min.) HjS DMS bulfates

4490 On top of dike running 12:02 2:17 13.5 135 11 6 -
7672 Parallel to shores: app. 12:02 2:17 135 135 - - ND
9224 200Ft. from dam 12:02 2:17 135 135 3 - -

* Parts of contaminant per billion parts of air

1 Hydrogen Sulfide
2 Dimethyl Sulfide

3 Total Sulfates including sulfuric acid

ND = None Detected

-20-



APPENDIX D
TOXICITY DATA SHEETS
Hydrogen Sulfide

Sulfuric Acid
Dimethyl Sulfide

-21-



HYDROGEN SULFIDE

Hydrogen sulfide (H25) is a colorless gas having an odor characteristic of rotten eggs.
Although characterized by an offensive odor, hydrogen sulfide rapidly fatigues the
olfactory nerves to the extent that the odor is no longer noticeable. Therefore, odor

cannot be used as a reliable indicator of the level of exposure.

The primary health hazard associated with this material is through inhalation of the

gas, which causes respiratory paralysis and pulmonary irritation.

Hydrogen sulfide at high concentrations may cause death from paralysis of the
respiratory centers in the brain. Even brief exposure to concentrations of about 600
ppm can rapidly proceed to unconsciousness and death. Exposure to moderate
concentrations can produce other symptoms suggesting brain damage including head-
ache, dizziness, rigidity, sensory impairment, sleep disturbances, loss of appetite, and

weight loss.

Irritation to the eyes, lungs, and mucous membranes can occur as a result of exposure
to concentrations as low as 10-20 ppm. Prolonged exposure to such concentrations can

result in painful conjunctivitis and some photophobia.

The Occupational Safety and Health Administration has adopted the American
National Standards Institute (ANSI) 237.2-1966 standard for exposure to hydrogen
sulfide, which established a ceiling concentration limit of 20 ppm (to be exceeded only
once per eight-hour shift for up to 10 minutes if no other measurable exposure occurs),

and a peak concentration limit of 50 ppm, not to be exceeded for any length of time.

In a more recent version of the standardv(237.2-l972), the American National Standards
Institute also specifies van eight-hour, time-weighted average concentration limit of 10
ppm, in addition to the above ceiling and maximum peak concentrations. The
American Conference of Governmental Industrial Hygienists has established an eight-

hour, time-weighted average threshold limit value of 10 ppm by volume.
The National Institute for Occupational Safety and Health recommends a ceiling

concentration standard of 15 rng/rn3 (approximately 10 ppm), as determined with a

sampling period of 10 minutes, for up to a 10-hour workshift in a 40-hour work week.
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SULFURIC ACID

Sulfuric acid (HzSOa) is a clear, colorless oily liquid when pure but brownish in hue
when impure; it is odorless and has a marked acid taste. Sulfuric acid is a strong acid
which, when heated to above 300C. gives off vapor and, above 2000C, emits sulfur

trioxide.

Sulfuric acid is a powerful corrosive agent and when introduced into the body in liquid
or vapor form, it causes intense irritation and chemical burning of the mucous
membranes of the respiratory tract. The acid causes violent dehydration and releases

heat in sufficient quantities to produce burns that are similar to thermal burns.

The depth of the lesions depends on the concentrations of the acid and the length of
contact. Inhalation of vapors produces the following symptoms: nasal secretion,
sneezing, a burning feeling in the throat and retrosternal region; these are followed by
cough, respiratory distress, sometimes accompanied by spasm of the vocal cords, a
burning sensation in the eyes with lacrimation and conjunctival congestion. High
concentrations may cause bloody nasal secretion and sputum, hematemesis, gastritis,
etc. Dental lesions are common; they affect mainly the incisors and result in brown

staining enamel striation, caries and rapid, painless destruction of the tooth crown.

Chemical burns are the injury most commonly encountered in sulfuric acid production
workers. Concentrated solutions cause deep burns of mucous membranes and skin;
initially the zone of contact with the acid is bleached and turns brown prior to the
formation of a clearly defined ulcer on a light red background. These wounds require a
long time to heal, and frequently cause extensive scarring that results in functional
inhibition. If burning is extensive, the outcome may prove fatal. Repeated skin
contact with low concentrations of acid causes skin desiccation and ulceration of the
hands, and panaris or chronic purulent inflammation around the nails. Splashes of acid

in the eyes may have particularly serious consequences.
The general toxic action of sulfuric acid is to cause alkaline depletion of the body, and

acidosis which affects the nervous system and produces agitation, hesitant gait and

generalized weakness.
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DIMETHYL SULFIDE

Dimethyl sulfide, also known as methylsulfide, methylthiomethane and thiobismethane,
is a colorless liquid with a disagreeable odor. Dimethyl sulfide originates from the
decomposition of plants and animals and from sulfur - containing amino acids in rumen

micro-organisms activity.

Dimethyl sulfide is a moderate eye irritant and can enter the body by ingestion or
inhalation but is considered to have low toxicity. At low levels it is easily
metabolised; however, larger doses can lower body temperature and inhibit enzyme

activity. In concurrent exposures to ammonia it can cause hepatic coma.

Human odor threshold for dimethylsulfides ranges from 3 to 300 parts per billion. In

water the odor detection is 0.] per liter.

No occupational exposure guidelines have been established for dimethylsulfide at this

time.
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