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PREFACE 

The Hazarq Evaluations and .Technical Assistance Branch of NIOSH conducts field 
. investigations of possible health hazards in the ~orkplace. These 

investigations are conducted under the authority of Section 20(a)(6) of -the 
Occupational Safety and Hea·lth -Act of 1970, 29 U.S.C . 669(a}(6) which . ·.· 
authorizes the Secretary or. Health and Human. Services, following a written 
request "from any einployel"'.. or ·authorized . representative Qf employees, to 
determine whether any ,s·ubstance· normaJly , found in the place of employment .has 
potentially' 

• l 
tox·ic , effects

• •. 
. in such 

• 
coricentrations as used or 

• 
found. 

The 1:iazard Evaluat·io~~ and..Technical , Assi-~tance Branch..also. provides~ · upon· ...· 
· request, medica1, nursing, and industr.fa1 hygi e{ie .:techni'c·~-1 and consul tatfve ·> 

a?sistance (TA) to Federal,- state, and local agencies; lab~r.; ·,i"ndus~rjr and :; · 
other groups or ·tndividuals to control occupation.al he~lth h~zards · .and ,. to: .·... : · 
prevent . related trauma and disease--. · -·· · ··. l..... ·:·. ><· , . .,.. ._.'. -' ,-, 
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Mention of company names or products does not constitute e·ndorsement by the 
National Institute for Occupational Safety and Health. 
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HETA 81-176-968 NIOSH INVESTIGATORS: 
OCTOBER 1981 .Theodore w. Thoburn, M.D. 
~OCKY MOUNTAIN ARSENAL, BASIN F Bobby J;; Gunter, Ph: D. , IH 

· COMMERCE CITY, COLORADO 

I. SUMMARY 

In -, January 1981 -.the National' '. Institute · for ·· Occupational Safety and 

. Health (NIOSH) received . a request from ·: employees of the State of 

· -.C.olora.do_, _. D-ivision o·( Wildl.ife, to evahi.ate adeQt.1acy _of precautions 


tak~n wh.il~: investigating ·wildlife ,loss · at Basin F, Rocky Mountain 

Arsenal', and to .offer ar:i.· .opinion as to. pr~s~nt . an_d future health 


· effects from this exposure~ · 
. . .• . . 

On March 3, 1981, two of the three Wi'ld'l'ife· Officers were interviewed: 
in the . 'NlOS.H.. office_s-.. Perm~ssion was g_iven to obtain the results of 

..rattier ,.. extens.ive medica.l :Workups done ·O.n them by a • lQcal occupational 
.·, .phys·i·e.i.an. ··.- .An ·.analysis·· pf the contents. of t ,he pond had been o~tained 

from the..environmer1tal section at the .Rocky -·Mountain .Arsenal_.and was 
attached to the hazard! ·evaTuation request°• . .Because o( the amount of . 
informati,on "already developed, it was elected to limit t~·e NIOSH-" inves~ 
.tigation to review of t.he data as - it:- became available and have the 
-repor.t · :concen_trate prim_ari)y on the tox i_cology of_· substances · ider;it,if ied 
and ;·suHab le protective E!Quipme_nt. 

On. -July 10; . ·1981, the NIO,SH investigators visited the Rocky Mpuntain 
Ar:sena_l, consulted with the Army Biologist, -aod ,were (!riven arqund the 
p~rimeter _of .Basin F. · 

Symptoms re.ported were severe headaches and throat , irritation .by the 
·end of a two hour : tour of the pond._ The officers . experienced skin 
irritation :when picking up_ sick or de~d ducks without gloves. Ducks 
which . had .more than brief contact with pond water- .· died with necks 
out~tretched. Other wildlife having contact .with the pond water have . 
also died. 

The Army's anq.lysis of the pond water showed 11.3 parts · per million 
(ppm) di-isopropyl methyl phosphonate ,(DIMP), _0.368 ppm aldrin, 0.0746 
ppin. endrin, and 0.0744 ppm dieldrin. They ide.ntified the following . 
volatile .compounds but gave no concentrations: dicyclopentadiene, 
bicycloheptadiene, diethyl benzene, -dimethyl (Jisu_lfide, . methyl acetate, 
methyl isobutyl ketone (MIBK),-and toluene •. Inorganics ide_ntified were 
49500 ppm sodium, 52000 ppm chloride, . 1470 ppm ars~nic, 180 ppm ' potas­
sium~ 63 ppm fluoride, .2.4 ppm copper, and 0.2~ ,~pm chromium• 

• I 

On the basis of -the environmental data, personal interviews·, and 
- . -rev.iew. of ·1 medical -. reco:rd-s·,·.·.Nios.H; -concluded..- that a health .hazard 

..ex';_sts: ·.fo_r: ·, wnct~ -ife .Offjcer·s .,mpn.i:tqr1ng : ·s~~:in ·F from exposure tp 
,,. dicyc.lopentadien~.. Although . the_ ·.di:i -iso_pr.opyl methyl phosphonate 

· :is _._ probably._ re$pm1sib.le ._for ·.t _he::::w.Ud.i' ife",. ·1oss, . the ·. protective 
; clothing_,;_used-: s~pµ.l _d be....effectfye .jn: ,-prev,enting ,_ s,ignlfi,cant human 

· . exposure. · Recommendations. ·to ,r-educe .the .health hazard ·at this 
. : . :, work s-i-t.e ,ar~ iric'luded {n! ,thi·s 1r.epor::t; •.--: ;" : ' 

,. KEYWORDS:: :Sic ' ()9Zl :.. (Hunti~g· ·a.nd .: T~a~pi~g, and .G.ame Propagation)' 
dic:yclopenta~i~n!?, .· .di-isopropy1 _: me.thyl phosphonate~ DIMP, pesticide 
wastes, wildlife Joss. · u 
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II. INTRODUCTION 

Basin F is an asphalt-lined pond which until four years ago received 
liquid waste from the pesticide plant on the Rocky Mountain Arsenal 
grounds run by Shell Chemical Company. Currently the only liquid, 
received is surface run-off and a little seepage from an old sewer. 
The liquid is gradually evaporating and the pond may be capped in 
1984. 'The pond is within a 90 acre enclosure with about 60 acre·s of 
water remaining. Except for a little high ground within the chain-link 
fence, there is no plant growth within the enclosure and no shade. 

Although the asphalt lining is designed to prevent· seepage, the basin 
·-. is surrounded by a series of bore-holes with pipes .to allow for moni­

toring _possible seep·age. _At intervals along the ·fence there are de­
vices designed to make noise 'to scare away birds and also natural gas 
fired "_cannons" for the same purpose. 

This year has been unusually wet. There were a number of pools outside 
the enclosure. Ground cover was quite lush in n~tural ~rainage areas. 
Rabbits and prairie dogs were fairly common and appeared healthy. One 
pheasant was sighted. Ground cover did appear drier on high ground, 
and on the downhill side of Basin F, suggesting that Basin ' F did pre­
vent the normal run-off. 

The State Division of Wildlife has been investigating duck mortality at 
the Arsenal since 195.9. Ducks which land on the pond and immediately 
fly awp.y seem to do all right . However, if the ducks remain on the 
pond for any length of time, they become unable to fly, er.awl out of. 
the water and die with their necks stretched out in about 25 minutes. 
Other birds having contact with the pond and a few raboits have also 
been found dead. Coyotes feeding on the carcasses do not seem to be 
affected. · 

The Wildlife Officers requesting the investigation toured the pond 
three times during 1980, each tour lasting about two hours. They wore 
rubber waders and, on occasions, shoulder length gloves and were re­
sponsible for ·counting and identifying the species of dead ducks. They 
have reported severe headaches-- and throat irritation by the ·end of a 
tour of duty (in May 1980 .in particular), and irritation of the skin 
when picking up sick ducks. Skin exposure was also possible when 
cleaning the boots and gloves after the tour. 

II I. TOXICOLOGY 

Tables I and II list Substances identified in Basin· f by the Army on 
June 19 (organics) and July 23. ( inorganics), 1980. - Comparison concen­

·trat ions are also listed . No concentrations were available for vola.­
tile compounds, ~ut ~fter three years with no d1scharges into the pond 
except ratn water it is unlikely that most would h~ve appreciable con­
centrations. Specific gravities, vapor pressures at 200c (680F), 
and solubility are listed . in Table III. Drinking water standards1, 
sea water2, and dead· sea water3 were chosen for comparison of i nor­
ganics because they represent naturally occurring solutions to which 
many people· are exposed without appreciable health problems. ·Air stan-. 
dards4, 5,6, are given for the organics for comparison purposes for 
lack of any more appropriate standards. · 
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A. 	 Organochlorine Compounds5 

Aldrin, Dibromo chloropropane (DBCP), Dieldrin, Endrin, and Isodrin. 

al'l fan into th.is. classification.· As a group these compounds are 


. relatively resistent . to degredation either environmentally or in . 

the body and have a strong tendency to be stored in body. fat. When 

dry there is little hazard from. skin absorption. When .dissolved in 

oil or organic solvents . they can be readily absorbed through the 

skin. Primary damage tends to involve the liver and kidneys. 

Neurologic effects ·have included "behavioral changes, disturbances 


· of sensory and equilibrium functions, involuntary activity of skel­

. · etal muscles, and depression of vital centers." Convulsions have· 


,... 	 been reported with heavy exposure. · DBCP can. cause steri 11 ty due to 
a· reduction in . th.e number of . nonn~l spenn p-rod·uced, . with longer 
exposures being associated with a greater. effect. Aldrin·, Diel­
drin, and D.BCP have been shown to be animal .carcino.gens. Endrin is 
felt to require further. testing. (lsodrin was not mentioned.) 
Aldrin, Dieldrin, and Endrin have been. shown. to _be teratogenic. 

B. 	 Organophosphorus Compounds5 

Di-isopropyl methyl phosphonate ( DIMP), although . not specifically 
mentioned in the reference, belongs in this . classification and can 
.be expected to show similar toxjcity. Toxicity is due· to the com­
pound's ability to inhibit the enzyme cholinesterase. As this 
inhibition is irreversible, symptoms can be produced by either a 
rapid inactivation of enzyme : by a large dose, or a -slow loss of 
enzyme· function by repeated sma11 doses large enough to exceed the 
bo.dy 1·s ability to replace the inactivated enzyme. A~etylcholine is 
produced at nerve endings in the transmission of nerv~ impulses in 
the central nervous system, at _ganglia of the autonomic nervous 
system, and to muscles and to glands and organs controlled by the 
parasympathetic nervous system. Symptoms occur from the accumula­

. tion of acetylcholine beca1,1se .the enzyme is no . longer available to 
break it down immediately after it is formed. 

Symptoms of acute intoxication include increased bronchial seer.e­
t ions; ·salivation, sweating-; slowed heart rate, constricted pupils, 
muscular weakness·, 1ow blood pressure, anxiety·, headache,. slurred. 
speech, disorientation, and possibly convulsions and death due to 
respiratory fai-lure • . Some orgarlophosphorus compounds have been 
shown to cause degeneration of ner-ves on ·prolonged: exposure and 
there is a suggest ion that chroni.c depress iory of ~ho.linesterase 
activity can lead to subtle behavioral chang~Si . 

. 	 . 
The d_egree of cholinesterase inhibi.tion is.· best meas.ured in red 
ce11 s. 

C. 	 Dicyclopentadine7,8,9 

Exposed workers have reported slight eye . and' throat. .trr.ita.tfon. 
Transitory headaches have been reported for the first two months of 
exposure. Increased- urinary frequency has also been reported. 
Repeat exposures in rats and dogs have caused kidney lesions. 
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Dicyciopentadiene is a solid· at room temperature (melting point 
32.9b C ~ 91.20 F} with an appreciable· vapor pressure when 
heated' qnly slightly (10 mm at 47.60 C - · 117~70 ·F).7* As 
dicYtlopelitadiene is essenti·ally insoluble . in· water at 200 C 
(680 F)9', it is · quite pos·sible that sufficient dicyclopehta- · 
diene is present ·;,r the sludge of the pond and the dirt at the 
·edge$ -to create a noxious level of vapor on . hot days • . This com;; 
pburid ia~ a1so be absorbed throu~h the skin~ 

' . 

o. Organic So1vents 

Organit so1vents as a group have very similar health effects; 
. ;'.,·although ·· they vary in patenGy and iii ·the degree of -· irritation in 

relation td the ~ffects on the tetttta1 nervous system. ~ffects of 
mixtures are probably additive. Loca11.Y they can· be irritating to 
the ~ucous membranes of the . eyes; nose, and throat and irritat ifig. 
to the bronchi and ·1ungs. Systemically they cause central nervous 
system depression which can be manifest as fatigue, weakness; head~ 
ache; dizziness, drowsiness, "drunkenness," coma, and possibly · 
death at high endugh concentrations. Nausea is also _likeJy. They 
may be irritating to the skin and prolonged skin contact can cause 
a dermatitis by defatting the skin. One can expect some degree or 
absorption through the skin; aithougi'1 the· more irritating are less 
1ike1y to al low sufficiently long contact for this to be signifi ... 
cant. 

·Diethyl benzene, methy-1 acetate; methyl i sobutyl ketone (MIBK), and 
to1uene fa11 in this c1ass.7 Of these, toluene is the least 

· irritati.ng so that symptoms are mostly confined to central nervous 
system depression . 

. All of these are e·ither soluble in water or lighter than waterlO 
and so wou1d be exposed to the atmosphere. As all have measurable 
vapor pressures at ambient temperatures; 10 they would evaporate 
over time . 

E. Arsenic 11;12 

. Arsenic is a systemic poison 
-

which inhibits sulfhydryl (=SH) con­
taining enzymes which are necessary for a number of essential meta­
bo1ic . processes in' the· body. Arsen,c occurs in measurable levels 
in most foods, the . highest reported being in shel1fish, with clams 
showing 80 ppm.11 Symptoms of arsenic poisoning include a metal­
1ic taste in the .mouth, · with ·dryness of mouth· and throat; an odor 
of garlic on the ·breath, stomach pains, diarrhea, muscular cramps, 
frontal- headaches, - diz'ziness, depression, shock, and convulsions. 
Skin j)rob.lems ineiude thickenings, Hi.creased pigmentatiortj· and ui­
cerations. Arsenic is teratogenic and is associated with i~creases 
in the i~cidence of cancer of the lung and skin. 

F. Fluorides13, 14, 15 

The fluoride ion is a ·general protoplasmic poison, affecting many 
tissues. It is . readily absorbed through the lung·s ..and gut and 
readily ·E!xcreted in urine and sweat. Some fluo,rides are found. in 

· 0 

*Atmospheric pressure is 760 mm .~t sea level • 

http:irritati.ng
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most foods, with fruits and· vegetables being lower and meat andi 
fish being higher. Tea is particularly high showing about 10 
ppm.13 Water supplies have been found ·to range from O to 33.5 
ppm, mostly below 1.0 ppm. 13 Because of its efficacy in ·reducing! 
dental caries, it is recommended that, if deficient, water supplies 

.be brought up to a concentration of about l ppm fluoride.16 A 2% 
sodium fluoride solution (9048 ppm fluoride) has been used to paint 
children's teeth to reduce the incidence of dental caries.15 

Acute poisoning is unlikely unless one is exposed to hydrogen fluo:.. 
ride, strong fluoride solutions, or accidentally ingests a quantity 
of a f l4oride, such as some roach powders. Symptoms may include. 

· local numbness,. deep local burns, nausea, vomiting, diarrhea, ab­
dominal burning and cramps, thick mucous discharge from nose and 
mouth·, general collapse with pallor, weakness,' deer.eased respira-· 
tion- and pulse. Death is generally within- ·2 to 4 hours with the· 
chances ·· of recovery good if the victim has survived the first 2~ 
hours . 14 

Chronic poisoning is more likely. The more obvious effect of ex­
cessive fluoride exposure during- the development of tooth enamel is 
mottling, a condition which can be unsightly, but does not appear 
to affect the strength of the ename1. Of potent i a1ly greater 
effect is the deposition of excess fluoride in the bone (osseous 
fluorosis). The spinal co1umn and pelvis are affected more than 
other bones• . Effects range from slightly increased density without 
symptoms to C·alcification of ligaments, fusing of joints and nar­
rowing of the bown, marrow cavities with interference with blood 
cell production. 13 · 

G. ·oimethyl Disulfide (2,3-dithiabutane)7~ 17 

Very little information is· available. The concentration to kill 
50% of rats· (LC 50) exposed by inhalation is 805 ppm.17 "Limited 
infonn~tion, based mainly on animal experim·ents, s·uggests that . this 
and s imi 1ar [alkyl· _dis.ulf ides] compounds are . dangerous and may 
cause hemolytic anemia. They may also produce allergic dennati­
tis.117 As this substanc~__ js very slightly soluble in water and 
has a measurable . vapor pressure at ambient .. temperatures, 10 it 
w~uld gradually ~vaporat~ from the pond. 

H. Bicyclo(2,2,l) heptadfene~(Norbornadiene)l7 

Almost no information was available on this substance . . The intra­
venous ·does to kin 50% (LO 50) of mke i ·s 56 mg/kg. (If it takes 
about the same dose for man, it would be about 4 grams--·just under 
a teaspoonful.) · 

IV. FINDINGS ANO CONCLUSIQNS 

Review of the medical work-up on the two officers did not ·s·uggest any 
persisting. medical problem arising rrom their acitivity at Basin F. 

Considering the history as given by the officers on interview in the 
NIOSH office and contained in their medical ·evaluation, the toxicology 
as found in the 1iterature, and· the results · ·of the site vi sit, the 
following conclusions are drawn: 

http:caries.15
http:fluoride.16
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1~ 	 The .wildlife is probably dyi_ng from exposure to the o;:.. ; sopropyl 
methyl phosphonate (DIMP). It is the pesticide in greatest concen­
tration and could be expected· to act as quickly as the history 
:indicated. It undoubtedly contributed· to the local symptoms when 
handling .contaminated material. without glo.ves. 

2. The Dicyclopentadi.ene· was probably r~sponsible, wholely or in large 
part, for the symptoms of throat irritation and headache; Being 

.. .insoluble it is .very possible ·that appreciable quantities are. mixed 
in the · s 1u.dge in the bottom of the pond and deposited i.n 'the soil 

. aLthe pond I s edge.. On hot days, in particular, water temperatures 
. lik~ly appr.oach .the compound',.s melting pojnt amd fhe. dry soil might 
·well ·· exceed it. Appreci.able ·quantities could be. expected to evap­
Qrat.e -a.nd...caus~ .the symptoms. It also may have contributed to the 
focal . ~ymptoms wh.ile· handling· i;ontaminated materials witho'µt gloves. 

3. 	 Althoug'h not 'the sole cause ·of symptoms, a measure of ·ex~ess expo­
sure to environmental heat may have contributed to the symptoms-­
the headaches in p~rticular~ As there was no shade the officers · 
were exposed t~ a full solar heat load the ~hole time there. The 
waders, , and when worn, the glov·es to the shoulders would consider­
ab1.y .reduce. the body .surface available to dispose .of excess body 

.. heat due . .to the envfronmental load and ·the ~fficers' .own heat pro­
· duct ion, .due to their . acti.vity and basal metabolism. The waders 
. would ·have covered 35-:'40%· of the body surface greatly hindering its 
abi1ity to . lose heat -J>Y.:,, radiation or conduction and essentially 
eliminating Hs abi.lity, t .o· lose. ·heat .by. evapor.ation of sweat. 

.:.:~.__, Shoulder length gloves would' cover another 18% or so • 

V. 	 RECOMMENDATIONS 

1. 	 If possible, .t .he necessity of .Performing. this job should be elimi­
nated. Perhaps the qu~ckers cou1d be mg.de to sound mor-e 1i ke a 
danger call to . the ducks~ Perhaps "safe" ponds could be provided' 
nearby .. (~~- cer~ainly happe'ned this year due to the rain) to lure 

.the qucks aDd .qther wiltjlife to less dangerous waters~ 

2 •	 .If .the :·job is 'to · be .~one,'_:.it sh·ouid: be .done .tn the cool of the 
morning, preferably on qays ·w_hen a breeze could be anticipated. 

3. 	 Waders and- gloves do · see.m: logical protective clothing . although 
recent penetration studies su·ggest protection should not be· consid­
ered compl.ete. Car-e ., .shol:Jld . be taken when removing and cleaning 
them. Pe·rhaps.. some ..~ l~a~ . water ~f}d detergent could be brought to 
the basfo to be ..used. to clean off the gear while still within the 
perimeter of th'e fence before the gear is removed. 

4. · 	 Organic cartridge respirators may help the irritative $ymptoms. and 
the headaches. However the . discomfort from wearing them · in hot 
weather may outweigh. their advantages. if used on those d.ays. 
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TABLE I 

Organic Substances Identified tn Basin F 

Rocky· Mountain Arsenal 
Commerce City, Colorad,o · 

June 19,, 1980: 

C'ancentratian· OSHA Air Recommended 

. Four:ict Standiard,4 Air Leve1, f'lIOSH 
 ACGfH.6 

Substance ppm* C ppm ppm** 


Nan-vo·l ati le Org·anics. 

ppm** 

;· o·t-i sopro'pyl methyl phosphong.t~ ( DIMP) 11. 3 
Aldrin \ 0.368 0.02($)+ 0.02($) 
Endrin 0.0746 0. 006~5) 
Dieldrin 0.0744 0.02(5) 

0.006(5)
0.02(5) 

Isodri:n less than 
0 •. 0005: 

Di brorno. Ch·loropropane { OBC_P) less th:an a-. 0.01 0.0105 
0.0002 

Volatile Organics 
B·i eye 1 o hept adi"ene- Not Given 
0 i cyc l opent ad i ene Not Given 5 
D.iethyT benzene Not G"i.ven 
Dimethyl d·i sulfide Not G.iven 
Methyl ac::etate Not Given 200 
Methyl is.obutyl ketone (MIBK) Not Gi'ven 100 5018 

200 
50 

Toluene Not Given 200{5): 100: 100(S) 

+(s) = skin absorption a factor 
*=parts per million - solution or air 
**· = Any concentration expressed in mg/M3 Qmilligrams per cubic meter of air). was. c:onverted· to approximate 

· -·ppm (parts · pe.r million parts air) for ease of comparison. 

c_ 

­
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TABLE II 

Inorganic, Non-volatile Substances Id~ntified in Basin F 

Rocky Mountain Arsenal 
Commerce City, Colorado 

July 23, 1980 

Concentration Drinking Water Average
Found Standard l Sea Water2 

Dead Sea 
Water3 

Substance '\ .eem* ppm ppm 

Sodium (Na) 49500 10680 
Chloride (Cl) 52000 250 19215 
Arsen_ic· (As) 1470 0.05 0.003 
Potassium (K) 180 385 
Fluoride (F) 63 1. 5 .. , • 3 
Copper (Cu) 2.4 3.0 0.003 
Magnesium (Mg) 0.27 125 :1290. . 
Chromium (Cr) less than 0.5 0.05 0:00005 : 
Iron (Fe) less than 0. l 0.3** 0.001 
Mercury (Hg) less than O. 1 0.00003 
Silver (Ag) less than O. l 0.00003 
Manganese (Mn) less than 0.01 0.3** 0.002 

pH (measure of acidity - alkalinity)+ 8.0 10.6 

ppm 

24000 
84700 

4460 

24700 

*=parts per million of solution 
**=Iron and Manganese together are not to exceed 0.3 ppm 
+=less than 7.0 - acid; 7.0 - neutral; greater than 7.0 - alkaline 

C. 



I: 
:i. -----~ . .. 

Health Hazard Evaluation Report No. 81-176, Page 11 

TABLE III 


Specific Gravity, Vapor Pressure, and Solubility of the Volatile Organics 

in Basin FlO 


Rocky Mountain Arsenal 

Commerce ·city, Colorado 


\ 
Specific Gravi ty
(at 200c compared Vapor Pressure Solubility in Water 

Substance to water at 40c) mmHg at 200c at 200c 

Diethyl benzene 0.862 - 0.881 0.69 - 0.75 insoluble 

Diethyl disulfide 0.993 3.13 very slightly soluble 

Methyl acetate 0.933 172. 31 33 part/100 parts water 

Methyl isobutyl ketone 0.801 14.41 2 parts/100 parts water 

Toluene 0.866 21.83 insoluble 

!'END OF DOCUMENT" 
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