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TOXi OLOGICAL EVALUATION OF THE COiNEBTS OF ROCKY M,4OUNTAIN
ARSENAL WASTE L!EMS F AND F-1.

1, INTEROUJCTION.

The object of this study was to determine the levels of toxicity
of the liquids and solids of the Rocky Mouantain Arsenal Waste Lakes F and.
F-i. This study was requested by the Directorate of Engineering and
Industrial Services followdng evaluation of reports received from operating
personnel of Rocky I-Iountain Arsenql that mallarxd ducks died after alighting
on Lakes F and F-i, and rabbits had been found dead along their banks.
These events indicated. that a toxicity evaluation of the contents of the
two latkes was required to determine their potential hazard. to migrating
wildfowl and local gee.

iI. EXPERIDMMAL PROCEDURE.

A. Materials.

Representative samples of the liquid and solid contents of both
Lake F and Lake F-l were received from Rocky Moiuntain Arsenal during the
month of January 1965. The materials were shipped in polyethylene-lined
steel drums to prevent reaction of the contents with the containers.
Three hundred gallons of the liquid from each lake and 100 gallons of the
solids from each lake were included i.n the shipment.

B. Laboratory Studies.

The ocular and cutaneous effects of the four test materials were
determined in rabbits. The intragastric effects wL,.e deteim.ined in rabbitEý,
rats, and mallard ducks that were deprived of food for 24 hr: before dosing.
Selection of these routes of adminnistration was based on the p~sible types
of contamination that woul(I be expected in wildlife entering the lake areas.
The rat was included because extensive data are available on that species
relative to organophosphate toxicity, and to provide a se,:,-nd rodent species
for comparison with the rabbit.

The maximum ocular and cutaneous dosoees that could. be contained
at the sites of administration were 0.5 and 5.0 gm, respectively, of the raw
material. Intragatric doses of 75 gm/kg in the rabbit, 40 gm/kg in the

rat, and 50 gm/kg in the mallard duc't were fount to be the maximum volumes
of liquid that could be administered without -xceeding the individual gut
capacities. Under normal circumstances, th se dosages are probably greater
than a roving animal or transient duck might pick up during a single
exposure to the lake materials.
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Th ntaatric do:ý.s of the solids of Lzihkes F iý.nd F-,! -,-
diluted: with dlistilled w.Tater. 'fn vol'm, ci the. *: -Ltr~nd the higsof
the .injection app-,rat-as and stom--ch t-u.be v,-zs less than -he Nol-.).(ae of the
intragast~ric doseS ofLnkes F arid F-I lii,'_yds *adi.DJriite-ied to the three,
species tested.

All. ani-nals wore helId for 7 da-Ys after do!3inG and ob,_%rvred
for any~ local or systemic to~xic responses.

Gross pathological examn.1nt~ionz werc pr~rformcd on a s-ttie
number of each speoles from every done levol at ths end of the b szxt
period ýLd on all aziirials that died during TIhe obs,_r'-a-tIon Der~cd. rn
cholincsteraze activi-ty of those ducks that died -,,rs alsýo trL.

C. Field Suis

This portion of the stid~y vas peicfor-mcdt in throe phý,3

1. Phase Onec.

Outdoor holding pens, with ad~jlcent t.rwnks cona~hdng nct~x. f
Lake F or Lake F-i liquids rind solidzy~ wert- con~li ractPd fo~r the ep3z~
of the test eani~m-ais. These were so d~~g'dthntt, t~h- &ýb vcn be ho-ld
in a dxy uncontaninated area until dziven into thc- uxpcs-.zt, i-.inVls. For
exptrizental pra'posef5, the expoLzurz'e ~ c;.rrnd. o ;t. F-idc by si.de to
compaxe the effects of the msvt.erials. fro o-t~h l~uc-rw on c~ 'Lcsof duck_;
of both sexes at the same air and li*-:i~d tee''-rs m~iiJybefore-:
exposuxe., a group of thr-:e m-oIe anrd thrce 6r"r.- bcks v r'i n #~acb
holdin~g pen., the pen doors v~ere opaned,, and. the i:-rl3 v2- .Tirn into t-he
tanks cont~aining the tw~o cui'e ad. pigýeor fee!_-d. By tbýi3 ;~h thi:-ee
groups were exposed to Lake F imateri%15 for 15, 1: 5 4 a)end 12_ ',in Tlr.nd thrcee

grops to Lake F-I nxaterials for 15,, 1% ,zd OJ P.in. P-11 ~n-AMII '!
heldfor 7 days pQStC.(r0310Xa nn c~r-'cv-ed f,-r -jn~ C- r =y:~
toxic responses. A rýprresernative nwrnber of xz'io:f~om. cach L,,or.Ap vzre
sacrificed for gross p%.tholoricAJ. ezxmina-tion at 4,hc erd of the r ic
period. All animai~ls that died d~~~gthe ý-r_ ~ c ?:o r ~a-,,o
autopsied.

2. Phasse Two.

In Phase One of the field ~4 deth- ftc1 : cc:e r --d int-o
the exposui'e tinks. Phalle Txro test5r w'ýr pez-fo:Itz'-d :c <cbCn MhtI-Cr
ducks would cnter the wnks~ithout cor~o.Crc mrr,'e Lnd c~n: rŽ, o d\;2',
were placed i-i .cach: of t'he twoi hell dn t s k tlhc',tan~tr4 *ac~cc doevrs
operi, -anid allowedt to move about. Tne t-imec to, cntry by the individ-uaýl
animals into the Tanks! were recorded.



3- Phase Three.

T-o groups of one male and one female duck w.:ere exposed to the
liquids only of Lakes F or F-1 in the same mrmner as was used in Phase One.
Pigeon feed was throin in the tanks. The exposure time for both grouns was
2 hr; the tests were carried out simultaneously to co0,r.pare the animols'
responses under identical conditions of air and liquid tenperaturcs. The
same observation period and autopsy protocol were followed as in Fhzes One.

III. RMULTS .

A. Labo:.'atory Studies.

The resuiLts of the ocular, cutaneous, and intragastric studies
are shownm in Table 1. These tests showed that doses of 0.1 and 0.5 un/eye
of Lakes F and F-I wm.ters and solids had no effect on the rabbit eye.
There were no signs of systemic toxicity during the 7-day observation"
period, and no Lr6oss pathological changes were seen on autopsy.

Topical application of 1.0 and 5.0 gm of La!kes F uid F-l waters
and solids to the backs of freshly clipped rabbits produced no slkin
irritation or any siGn of systemic toxicity. Gross pathological exa.2-ina-
tions of the contaminated skin areas showed no remarkable changcs. Shin
tex-ture and re-groarth'of the hair were normal.

IntraGastric doses (50 and 75 Cm/kg in the rabbit, 20 and 40 Gm/kg
in the rat, and 25 and 50 gm/kg in the duck) of Lake F linuids produced no
deaths or any sign of systemic toxicity. Pathological examinations showed
no changes from normal in the animAls selected to be sacrificed on the
seventh day.

The intraCastric LD5O for Lake F solids in the rabbit was
determined to be 1.8 (1.03-3.1) a!/kg. In the rat, doses of 2.0, 4.0,
and 6.0 gm/kg produced one death in six aziýials at the 6.0 F-i/g dose.
In the mallard duck, doses of 3.0, 4.0, 6.0, and 8.0 &n/Irg produced one
death in the four ducks rece.ving a dose of 4.0 c/kg and in one of four
ducks receip-ing a dose of 8.0 gm/kg. These data indicate that the
intragestric LD50 for Whe mallard duck is more than 8.0 gm/kg and for the
rat is more than 6.0 gm/kg.

Intra .. t. + doses o- 75 •/ka of L-ice F-1 liquids produced no
deaths in the six rabbits tested, but one of six rabbits died after
receiving a dose of 50 Em/kg. This death occurred within I hr after dosing.
The animal exhibited no signs of' systemic toxicity. D.?ath coujld not be
directly attributed to the test material and may have been caused by in-
advertently placing a portion of the i.ntragastric dose in the trachea. One
of six rats given 40 gm/kg died. Dosages of 25 and 50 gm/kg in the mallard
duck produced no deaths or signs of systemic toxicity.
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The intragastric LD50's for Lake F-1 solids in the rabbit, rat, and
malla'd duckwere determined to be 0.34 (0.27-0.43), 0v11 (0.11-0.2'T), and
0.14 (0.08-0.25) &./kg, respectively.

The rabbits) rats, and ducks dosed intragastrical)y with Lakes F
and F-1 solids exhibited typical symptoms of anticholinesterase poisoning.
All deaths occurred w-ithin 12 hr after dosing. Mcasurements of the brain
cholinesterase activity in ducks that died showed decreases of betw.-cen 65'
and 90%0. These results indicate that the cause of death in this spocies
could be directly attributed to organopoosphates or other cholinesterase
inhibitors present in the solids. The duck w.ras the only species tested for
cholinesterase activity. No other pathological changes were ,C-Cn in. the
three species tested.

A probit analysis (method of Bliss-s*) of the intragastric responser-.
in the three species tested is shown in Table 2.

B. Field Stu~dies.

1. Phase Dne.

The results of Phase One are show.m in Table 3.

Ducks exposed to the mixture of Lake F liquids and solids appeared
normal for 30 min after entering the tank. After this time, all animals appear-
ed to be irritated and 'struggled violently. It was noted that their feathers
had become wet and the increased weight was forcing the birds under the
surface. Toxic signs exhibited postexposure were typical of those caused by
anticholinesterase compounds, vi th vigorous convulsions occurring ii•nrediately
before death. All birds in the groups exposed for 5 or 120 mrin died. The,
group exposed for 15 min did not become irritated nor struggle to leave the
tank. The avtrage time to death of the 5 ducks that died followring this
exposure was approxmately three times longer than that record.ed foy the
45-mmn group.

Those ducks exposed to the Lake F-1 materials for 15 and 60 min
showed signs of irritation after 2 min, Wetting of their feathers and severe
irritation occurred at this time, causing them to struggle violently. The
average times tc death of the three exposure groups was 2 hr as compared with
24 hr for the Lake F exposure groups. Gross signs of poisoning were typical
of those caused by anticholinesterase coapounds.

* Bliss, C.I. The Statistics of Bioassay. Academic Press, Inc.,
N•w York. 1952.
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T-ABLE 3

MORTALITY RESPONSE OF M4ALLARD EXJC{K TPOSED TO
MIXTURES OF LAKE F and F-i I-TN',S AND SOLIDS

Material Eboosare time Mortality fraction _ TiSes t.o deth

min*

Lake F Mix 120 6/6 2.5, 3.75, 4.5, 4.5, 8.25

45 6/6 3, 4, 4.25, 7, 24, 28

15 5/6 48, 51, 51, 74, ioo

Lake F-I 6G 616, 1, 1),5, 1.5) 2.25, 3.75
Mix

15 6/6 1.5, 1.75, 2, 2, l, 3.5

15 6/6 2, 2.25, 2.5, 2.75, 3.75, 4.75

'* Prom nberin,_ing of expos-tre

_--



-I-ecropsies conducted on a repoesentative nunber of aninals ý.rcm the
groups exposed to the two mato-erials rovealed no abno•.ozalities. '• ow.ver, b.:sed
on the symptoms of poisoning, the cause of death could be attributed to organo-
phosphate or other antichc~linesterase poisons. Brain cholinesterase levels
were not determined.

2. Phase Two.

The average time to entry of the two ducks into the Lake F inuixtuxe
was 5 min, and for the Lake F-1 mixture, 6 hr. The two animals in each group
were removed from the tanks immediately after entry.

3. Phase Three.

Within 15 mrin, the feathers of the ducks exposed to Lake F-1 liquids
alone had begAn to wet; both animals had difficulty in staying afloat. After
30 min this same condition was seen in the ducks exposed to La"e F liquids.
At the end of the 2-h= exposure period, both of the exposed animals in each
group were thoroughly wet but showed no signs of irritation or toxicity. It
was noted that the vetting of the fTathers was much less in animals exposed
to the liquids than to mixtures of the liquids and solids. It appeared
doubtful, however, that the ducks from either Group could have flown. After
removal from the tanks, both groups appeared normal. No latent tions of
toxicity, irritation, or damage to the pllmnage were observed during a 7-day
observation period.

IV. DISCUSSION.

A. Laboratory Studies.

The waters and Lv2".ids of Lakes F and F-i were found to be innocuous
to the rabbit by the ocular and percutaneous routes of administration. Doses
used were the maximum quantities tnat could be contained at the site of ad-
ministration and are considered to be at least as much as wild game would
accidentally pick up along the lake shores.

I .tragastric doses of the waters of Lakes F and F-1 produced no
toxic responses in any of the three species tested that could be attributed
to systemic poisoning.

The solids of Lake 1F' can be considered to range from moderately to
slightly toxi*c by the intragastric route in the three species tested. These
materials are in the toxicity category of lysol and most household soaps.
By comparison, it is at least 1000, r-000, and 40,000 times less toxic, respec-
tively, than hydrocyanic acid, GB, and VX. These values are based on average
rabbit and rat intragastric LD50 values and do not include the duck.

* Gleason, M.N., Gosselin, R.E., and Hodge, H.C., Clinical Toxicology of
Commercial Products, Acute Poisoning (Home and Farm). Williams and
Wilkins Co., Baltimore. 1957.
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The solids of Laoke F-1 can be classed as being very toxic by the
intragastri% route in the three species tested. An average of these LD50
values, or 220 mg/kg, would place the material in the toxicity category of
DDT and Dieldrin. It is approximately 50, 100, end 2000 times less toxic
than hydrocyanic acid, GB, and VX, respectively, based on average rabbit
and rat LD50 values.

B. Field Studies.

"The waters of LDakes F and F-i are not tox~ic to the three species
tested. Contained in these materials, how-ever, axe wetting or degreasing
agents that wet the feathers of wildfowl, resulting in their losing the
abilityto fly and the increased weight could cause them to drowm. This
.iuation may account for a portion of wildfowl mortalities in both lakes.

V. CONCLUSIONS.

1. The solids of Lake F are only moderately toxic, but the solids
of Lake F-1 are very toxic to the three species tested. Either material
would present a serious hazard to wildlife feeding along the lake shores or,
in the case of duckx, from the lake bottoms. Either material may present a
hazard to unprotected people not warned of the potential danger.

2. Based on these tests, Lake F-l materials would present a hazard
to wildlife at least ten times greater than that of Lake F materials..

( 13
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