


PREFACE

The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field
_investigations of possible health hazards in the workplace. These
investigations are conducted under the authority of Section 20(a)(6) of the
Occupational Safety and Health Act of 1970, 29 U.S.C. 669(a)(6) which
authorizes the Secretary of Health and Human Services, following a written
request from any employer.or authorized. representat1ve of employees, to
determine whether any substance normally found in the place of employment has
potent1a11y tox1c effects in such concentrat1ons as used or found.

The Hazard Evaluat1ons and Techn1ca1 A551stance Branch also prov1des ‘upon
- request, medical, nursing, and industrial hygiene technical and consultative-

a551stance (TA) to Federal, state, and local agencies; labor; industry and .
other groups or ‘individuals to control occupat1ona1 hea]th hazards and to -
prevent . re]ated trauma and disease, ; :

Mention of company names or products does not constitute endorsement by:fhe
National Institute for Occupational Safety and Health.
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INTRODUCT ION

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 1liquid
received is surface run-off and a little seepage from an old sewer.
The 1liquid 1is gradually evaporating and the pond may be capped in
1984. The pond is within a 90 acre enclosure with about 60 acres of
water remaining. Except for a little high ground within the chain-1ink
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 seepage. 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 natural drainage 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 1959. Ducks which land on the pond and immediately
fly away seem to do all right. However, if the ducks remain on the
pond for any length of time, they become unable to fly, crawl 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 rabbits 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.

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-
trations are also Tlisted. No concentrations were available for vola-
tile compounds, but after three years with no discharges into the pond
except rain water it is unlikely that most would have appreciable con-
centrations. Specific gravities, vapor pressures at 200C (GSOF},
and solubility are 1listed in Table III. Drinking water standards!,
sea water?, and dead sea water3 were chosen for comparison of inor-
ganics because they represent naturally occurring solutions to which
many Eeop1e are exposed without appreciable health problems. Air stan-
dards4:9,6, are given for the organics for comparison purposes for
lack of any more appropriate standards.
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A. Organochlorine Compounds

Aldrin, Dibromo chloropropane (DBCP), Dieldrin, Endrin, and Isodrin
all fall into this 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
0oil or organic solvents they can be readily absorbed through the
skin. Primary damage tends to involve the 1liver 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 sterility due to
. a reduction in. the number of normal sperm produced, with Tlonger
exposures being associated with a greater effect. Aldrin, Diel-
drin, and DBCP have been shown to be animal carcinogens. Endrin is
felt to require further testing. (Isodrin 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 toxicity. 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 small doses large enough to exceed the
body's ability to replace the inactivated enzyme. Acetylcholine is
produced at nerve endings in the transmission of nerve 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 because the enzyme is no. Tonger available to
break it down immediately after it is formed.

Symptoms of acute intoxication include increased bronchial secre-
tions, salivation, sweating; slowed heart rate, constricted pupils,
muscular weakness, low blood pressure, anxiety, headache, slurred
speech, disorientation, and possibly convulsions and death due to
respiratory failure. Some organophosphorus compounds have been
shown to cause degeneration of nerves on -prolonged exposure and
there 1is a suggestion that chronic depression of cholinesterase
activity can lead to subtle behavioral changes. .

The degree of cholinesterase inhibition 15 'best measured in red

C. Dicyclopentadine’»8,9

Exposed workers have reported slight eye and throat irritation.
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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Dicyclopentadiene is a solid at room temperature (melting point
32.90 C = 91.20 F) with an appreciable vapor pressure when
heated only slightly (10 mm at 47.60 C - 117.70 F).7* As
d1cyc1opentad1ene is essentially insoluble. in water at 200 C

(680 F)9, it is quite possible that siufficient dicyclopenta-

diene is present in the sludge of the pond and the dirt at the
edges to create a noxious level of vapor on hot days. This com=
pound can also be absorbed through the skin.

Organic Solvents

Organic solvents as a grOUp have very similar hEa]th effects,

~-although "they vary in poténéy and in the degree of ‘irritation in

relation to the effects on the certral nervous system. Effects of
mixtures are probably additive. Locally they can be irritating to
the mucous membranes of the eyes, nosé, and throat and irritating
to the bronchi and lungs. Systémically they cause central nervous
system depression which can be manifest as fatigue, weakness; head-

~ache, dizziness, drowsiness, "drurkenness," coma, and possibly -
death at high enough concentrations. Nausea is also likely. They

may be irritating to the skin and prolonged skin contact can cause
a dermatitis by defatting the skin. One can expect some degree of
absorption through the skin, although the more irritating are less
likely to allow sufficiently long contact for this to be signifi-
cant.

Diethyl benzene, methyl acetate, methyl isobutyl ketone (MIBK), and
toluene fall 1in this class.’ Of these, toluene is the Tleast

irritating so that symptoms are mostly confined to central nervous

system depression.

A1l of these are either soluble in water or lighter than waterl10

and so would be exposed to the atmosphere. As all have measurable
vapor pressures at ambient temperatures,!0 they would evaporate
over time.

Arsenic11:12 _
Arsenic is a systemic poison which inhibits sulfhydryl (=SH) con-
taining enzymes which are necessary for a number of essential meta-
bolic processes in the body. Arsenic occurs in measurable levels
in most foods, the highest reported being in shellfish, with clams
showing 80 ppm.!l Symptoms of arsenic poisoning include a metal-
lic taste in the mouth, with dryness of mouth and throat, an odor
of garlic on the breath, stomach pains, diarrhea, muscular cramps,
frontal headaches, dizziness, depression, shock, and convulsions.
Skin probléms inc¢ludé thickenings, increased pigmentation, and ul-
cerations. Arsenic is teratogenic and is associated with increases
in the incidence of cancer of the lung and skin.

Fluorides13,14,15

The fluoride ion is a general protoplasmic poison, affecting many
tissues. It is readily absorbed through the Tlungs -and gqut and
readily excreted in urine and sweat. Some fluorides are found in

*Atmospheric pressure is 760 mm at sea Tlevel.

-
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IV.

most foods, with fruits and vegetables being lower and meat and
fish being higher. Tea is particularly high showing about 10
ppm. 13  Water supplies have been found "to range from 0 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 1 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.!5

Acute poisoning is unlikely unless one is exposed to hydrogen fluo-
ride, strong fluoride solutions, or accidentally ingests a quantity
of a fluoride, 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, decreased respira-
tion and pulse. Death is generally within 2 to 4 hours with the
chance%dof recovery good if the victim has survived the first 24
hours.

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 enamel. Of potentially greater
effect is the deposition of excess fluoride in the bone (osseous
fluorosis). The spinal column and pelvis are affected more than
other bones. Effects range from slightly increased density without
symptoms to calcification of 1ligaments, fusing of joints and nar-
rowing of the bown marrow cavities w1th interference with blood
cell production. 3

Dimethy1 Disulfide (2,3-dithiabutane)’s17

Very 1little information is available. The concentration to kill
50% of rats (LC 50) exposed by inhalation is 805 ppm.]? "Limited
information, based mainly on animal experiments, suggests that this
and similar [alkyl disulfides] compounds are dangerous and may
cause_hemolytic anemia. They may also produce allergic dermati-
tis."7 As this substance_is very slightly soluble in water and
has a measurable vapor pressure at atnbien'l:__i:ernper'at-mr'es,]0 it
would gradually evaporate from the pond.

Bicyclo(2,2,1) heptadfene (Norbornadiene)17

Almost no information was available on this substance. The intra-
venous does to ki1l 50% (LD 50) of mice is 56 mg/kg. (If it takes

- about the same dose for man, it would be about grams--just under

a teaspoonful.)

 FINDINGS AND CONCLUSIONS

Review of the medical work-up on the two officers did not suggest any
persisting medical problem arising from 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 Tliterature, and the results of the site visit, the
following conclusions are drawn:
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VI.

The wildlife 1is probably dying from exposure to the Di-isopropyl
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 gloves.

The Dicyélopentadfene'was probably responsible, wholely or in large
part, for the symptoms of throat irritation and headache. Being

~insoluble it 15 very possible ‘that appreciable quantities are mixed

in the sludge in the bottom of the pond and deposited in the soil
at .the pond's edge.. On hot days, in particular, water temperatures

. likely approach the compound's melting point amd the dry soil might
‘well~exceed it. Appreciable quantities could be expected to evap-

orate-and cause the symptoms. It also may have contributed to the
local symptoms while handling contaminated materials without gloves.

Although not the sole cause of symptoms, a measure of excess expo-
sure to environmental heat may have contributed to the symptoms--

the headaches in particular. As there was no shade the officers

were exposed to a full solar heat load the whole time there. The
waders, - and when worn, the gloves to the shoulders would consider-
ably reduce the body surface available to dispose of excess body

- _heat due to the env1ronmenta] load and the officers' own heat pro-
: duct1on .due to their. activity and basal metabolism. The waders
‘would have covered 35-40% of the body surface greatly hindering its

ability to.lose heat by.radiation or conduction and essentially
eliminating its ability. to lose heat by evaporation of sweat.
Shoulder Tength gloves would Cover another 18% or so.

RECOMMENDAT IONS

1.

-I‘

If possible, the necessity of performing this job should be elimi-

nated. Perhaps the quackers could be made to sound more 1like a
danger call to the ducks. Perhaps "safe" ponds could be provided
nearby (as certalnly happened this year due to the rain) to Tlure

the ducks and other wildlife to less dangerous waters.

If the_Job 15 to be done, ~it should be done in the cool of the
morning, preferably on days when a breeze could be anticipated.

Waders and gloves do seem logical protective clothing. although
recent penetration studies suggest protection should not be consid-
ered complete. Care should be taken when removing and cleaning
them. Perhaps. some c]ean water and detergent could be brought to
the basin to be.used to clean off the gear while still within the
perimeter of the fence before the gear is removed.

Organic cartridge respirators may help the irritative symptoms and.

the headaches. However the discomfort from wearing them  in hot
weather may outweigh their advantages if used on those days.
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