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BIOTA REMEDIAL INVESTIGATION AND 'COMPREHENSIVE MONITORING PROGRAM
SUMMARY

This report summarizes the results of the Army’s wildlife

- tissue sampling collected as part of the Remedial- Investigation
(RI) and the Comprehenslve Monitoring Program (CMP) for 1988 and
1989. The objective of the Army’s RI program was to assess the
Rocky Mountain Arsenal’s (RMA) contamination in relation to
biota. The cMPp program was designed to provide continued and
lonq—term monitoring of contaminants in biota. Several concerns
exist regarding the adegquacy of the CMP and RI investigations,
including the Army“‘s minimal number of contaminant compounds, or
target analytes, tested for in the biota substrate and the very
limited number of samples for individual biota species.

Althougn the target analytes were llmltEd to. seven, and the
sample sizes are small, the results show a very con51stent
pattern of contamlna+wnn -in-the agquatic environment and a

‘moderately consistent pattern. in the terrestrial. In general,

- aguatic species prwnClDally showed mercurv and dieldrin
contamination and a minor- -presance.of DDE. Terrestrial species
showed dieldrin. .as igquitous.contaminant that was clearly
beﬁng magnified in the higher trophic levels. Arsenic, mercury,
and DDE were present to a lesser degree and-did not appear to be
undergoing magnification. It remains uncertain whether
additicnal compounds, i.e.; nontarget compounds, exist in
‘'significant concentrations since they were not included in either
progran. Investigations implemented prior to the RI identified
several additional contaminants in the tissue of RMA wildlife.
In additlon, because of the'small sample sizes of numerous
species of RMA biota, summarizing species-specific contamination
may be unreliable. - R S

In order to compare contaminant concentrations of RMA biota
with biota believed to be unexposed to RMA contamination, the
Army established contamination values in what are described as .
control areas. 1In some cases control sites were established many-
miles from RMA, in other cases control samples were taken from
areas within tne RMA that at one time were believed to be
relatively. uncontamlnated (the. SE corner of RMA for example). ,
Later surficial soils sampling identified these on-site areas as
being slightly to moderately contaminated. Tissue concentraticns
of the control samples taken off the RMA were generally below
detection limits. The off-site exception was mallard ducks for
which half the samples showe” mercury and. DDE contamination. The:

on—-site controls ranked midway between the off-site controls and
‘the on-site RI and CMP results with detections less freguent and
the ranges lower than the other on-site samples. The earthworms
from the control area in secticn 5 (southeast corner of RMA) were -
an exceptlon, all the composited samples tested positive for
arsenic and one showed high levels of dieldrin. Given that any
dieldrin detections in RMA biota can only be attributed to
Army/shell actlv1tles (since this compound is not naturally
occurring) the on-site controls were not representative of




unexposed biota and, therefore, detailed results from cq

N . . ntrolsg
have not been included in this report.

BRI and CMP Results

Dieldrin is the prominent contaminant found in the
terrestrial biotic environment with virtually every species
having at least one positive dieldrin detection. As might pe
expected, concentrations of dieldrin were.highest in those
burrowing animals which live in the vicinity of the South Plants
and waste storage basins.

The RI study reported every prairie dog collected in Section
36 (a total of 14 samples) as having some level of dieldrin
contamination. Concentraticns ranged from 0.119 ppm to 13.4 ppm.
Because prairie dogs constitute a major food resource for balg
eagles at RMA, in 1989 the Army initiated an extermination
program for those animals in Section 36 to prevent their
contamination from passing to the federally protected balg
eagles. This extermination eliminated roughly 15% of the RMA’s
prairie dog population.

Table 1, Results of the Biota RI Terrestrial Sampling.
Program, was compiled from the 1989 Army document. This
information includes results for animals which were found dead on
RMA as well as ones captured and sampled. "

One of the more striking results from the RI was the level
of organcochlorine pesticides (0CPs) in the brains of dead
raptors. Of 14 birds collected, 10 had measurable dieldrin in
their brains with concentrations ranging from .175 to 15.6 ppm.
The cause of death for these animals was not established;
however, dieldrin-brain concentrations of 5 ppm are cited in the
RI (pg 5-1553) as being lethal, indicating that direct toxic
effects are very possible. Of 10 juvenile kestrels collected
alive from nests across RMA, 6 had measurable dieldrin with mean
body concentrations of .316 ppm. The results of the 1988 CMP
program for Kestrels support these RI results. Out of 5 kestrel
juvenile carcasses sampled, all tested positive for dieldrin.
The maximum carcass concentration was 1.80 ppm and the mean was
0.921 ppm.

Of the various "fortuitous samples" (dead or dying animals 7
which are taken outside any regular RI or CMP sampling program) - '/
the highest recorded dieldrin concentration was found in a deaq
mourning dove discovered outside Building 111. The concentration
of dieldrin in this animal‘’s carcass was 56.3 ppm. Other OCPs
were present as well. This concentration 1s well above the lt?vel
currently propcsed as the Maximum Allowable Tissue Concentratlon
(MATissueC) (1.6 ppm). It should be noted that this MATissueC
has been challenged by EPA, U.S. Fish and Wildlife and the State
as being too high. Since that sample was identified, the U.S.
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unexposed biota and, therefore, detailed results from controls
have not been included in this report.

RI and CHP Results

Dieldrin is the prominent contaminant found in the
terrestrial biotic environment with virtually every species
having at least one positive dieldrin detection. As might be
expected, concentratlons of dieldrin were.highest in those
burrowing animals which live in the vicinity of the South Plants
and waste storage basins.

The RI study reported every. pralrle dog collected in Section
36 (a total of 14 samples) as having some level of dieldrin
contamlnatlon.“ Concentrations ranged from 0.119 ppm to 13.4 ppm.
Because prairie dogs constitute a major food resource for bald
eagles at RMA, in 1989 the Army initiated an extermination
program for those animals in Section 36 to prevent their
contamination from passing to the federally protected bald
eagles. This extermlnatlon eliminated roughly 15/ of the RMA’s
prairie dog population. =

Table 1, Results of the Biota RI Terrestrial Sampling
Program, was compiled from the 1989 Army document. This
information includes results for animals which were found dead on
RMA as well as ones captured and sampled.

One of the more striking results from the RI was the level
of organochlorine pesticides (& Ps) in the brains of dead
raptors. Of 14 birds colLec*ed “10-had measurable dieldrin in
their brains with. concantrations ranging from .175 to 15.6 ppm.
The cause of death for these animals was not established; '
however, dieldrin-brain concentrations of 5 ppm are c1ted in the
RI (pg 5-153) as belng lethal, lndlcatlng that direct toxic
effects are very possible. Of 10 juvenile kestrels collected
alive from nests across RMA, 6 had measurable dieldrin with mean
body concentrations of .316 ppm. The results of the 1988 CMP
program for Kestrels support these RI results. Out of 5 kestrel
juvenlle carcasses sampled, all tested positive for dieldrin.
The maximum carcdass concentration was 1 80 ppm and the mean was
0.921 ppm.

; Of the various "fortuitous samples" (dead or dying animals .
which are taken outside any regular RI or CMP sampling program)
the hlghest recorded dieldrin concentration was found in a dead
mourning dove discovered outside Building 111. The concentration
of dieldrin in this animal’s carcass was 56.3 ppm. Other OCPs

were present as well. This concentration is well above the level
currently propcesed as the Maximum Allowable Tissue Concentration
(MATissueC) (1.6 ppm). It should be noted that this MATissueC

has been challenged by EPA, U.S. Fish and Wildlife and the State
as being too high. Since that sample was identified, the U.S.
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Fish and Wildlife Service has been concerned with freguent act it
discoveries of dead birds (7-8 per week) adjacent to Building
111. The reason for their deaths has not been identified.

. Dieldrin was also found at elevated concentrations in higher
trophic levels. A coyote that was found dead had a liver
concentration of 7.6 ppm dieldrin and the liver of a badger found
dead had 1.64 ppm. Reference material obtained by the Army
states that, for small mammals, studies reported "values above
RRV. (4 ppm) (are) lethal'". While not conclusive, it must be
regarded as entirely possible that the death of these animals was
“influenced by dieldrin poisoning.

Arsenic was found in the lower trophic levels, but did not
show up at elevated levels in the carnivores. DDT/DDE occurred
most prominently in waterfowl with mallard samples showing
concentrations ranging from .094 to .507 ppm. Prairie dogs in
Section 36 tested positive for mercury.

~ Mammals showed two contaminant trends. Deer and rabbits
(herbivores with relatively little soil contact) were
comparatively uncontaminated, although the deer sample size was
too small to characterize contaminant trends. accurately. Prairie
dogs dispilayed heavy contamination indicating that direct -
contaminant uptake from the soil is an important exposure pathway
for that species. If plants alone could supply that level of
contamination, one.would expect to find it in other mammalian
herbivores. '

‘Table 2, "Results from the Biota RI Agquatic Sampling ,
Program” was also taken directly from the 1989 Army report. This
table shows two principal chemicals of concern in aquatic RMA
ecosystems; dieldrin and mercury. This 1s not surprising in that
these two compounds comprise most of the water/sediment
contamination in the RMA lakes. DDE was found in Lake Derby and
is evidently magnifying in fish, but is not as ubiquitous as the
other two compounds. . :

Table 3, "1988 and 1989 Terrestrial Biota CMP Results"
summarizes the Army’s efforts to characterize contamination by .
trophic level. The first number in each column gives the number
of positive detections, the second number gives the total sample
size. The column labeled "% in trophic level” gives the
percentage of total positive detections divided by the total
sample size. This column gives an indication of the prevalence
of contamination in the entire trophic level. The CMP programs
show trends similar to those found in the RI. Detections for all
7 target analytes were found in the lower terrestrial trophic
levels, but only dieldrin was consistently reported in higher
trophic levels.
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Table 4, "1988 and 1989 Aquatic Biota CMP Results" shows
arsenic elevated in lower trophic levels but not magnified in the
higher levels. Dieldrin, mercury, and DDE were the contaminants. -
found most,con51stently in the carnivorous fish at the top of the
food chain.

Toxicity of the Target Analvtes

.Most studies of chemical toxicity measure doses which are
administered to subject animals under controlled laboratory
conditions. The Army’s ecological risk assessment, however,
proposes an unproven methodology which establishes "acceptable™
tissue concentrations (MATissueC). Tissue concentrations above
these levels are assoclated with toxic effects. The Army’s
method of toxicity evaluation has undergone a lengthy evaluation
by the EPA, Shell and the State. Each of the Parties has
identified several concerns with the method. - The State has
concluded that the Army’s MATissueC methodology may not provide
adequate protection to 'the RMA wildlife and therefore should be
abandoned in favor of a more. traditional dose/response analysis
similar to that used in human risk assessment. EPA and Shell
have objected to various components of the food web model
exercise; however, they have not rejected the conceptual
framework. Details of review are beyond the scope of this memo,
but could be shared with anyone interested.

The following table summarizes the Reasonable Representative -
Values (RRV) of the Army’s MATissueC parameter packet. These
valiues do not reflect any consistent toxicological endpoint and
have been based on studies which had results that range frcm No
Observed Effects Limits to Lethality. It is fair to say there'is
little consensus among the Parties that they are either
"Reasonable" or "Representative®”. Nevertheless, these draft
MATissueC numbers may serve as a starting point for o
interpretation of the tissue concentration results. Values refer
to the mean wet weight body tissue concentrations in parts per
million (ppm) - as is the case throughout this report unless
otherwise spec1fled.

Meximum Allowable Tissue Concentrations (MATissueC ppm) .
Reasonable Representative Values from Offpost EA

ALD/Dleld DDT/DDE Endrin Arsenic Mercury

Eagle 1.6 2 0.01 e e e 0.36
Water Bird 1.6 2 1.9 ———— . 0.36
Large Fish ——— - - N/A .47
Small Fish — —-—— —_— N/a .67
Small Bird 1.6 2 0.450 ——— .36
Small Mammals 3.75 3.3 —— N/A 45

Medium Mammal 3.75 3.3 45 N/A ——
Heron 1.6 2 0.01 —— 0.386
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Amphibians —_—

—— —_— - N/A
- owl 1.6 2 0.01 -——  0.36
 Restrel 1. . 2 0.01 --=_ . 0.36 —
_ Shore Bird == 1.6 2 ”

N/A == 0.36

NA = Not Available

Conclusians

' The Army’s RI and CMP programs indicate that RMA biota have
varying degrees of contaminant levels. It appears that those
terrestrial species with habitats closely associated with expo-

' sure to soils (ie: burrowing animals, invertebrates and small
mammals and rodents) are most likely to contain elevated levels
of RMA related contaminaticn. With a few exceptions, the farther
you move away from the center of RMA, generally the most highly
contaminated, the less concentrated the contamination is in the
substrate of terrestrial RMA bilota.

The primary target analyte detected in the RMA terrestrial
biota is dieldrin. This is expected due to the fact that the
pesticide is widely distributed throughout the RMA surface and
_subsurface soils and is known to bicaccumulate in the tissue of -
““apimals. TAll of the remaining target analytes have been detected - - o
in RMA terrestrial biota, but not to the extent of dieldrin. B
_ There may be other compounds that were not included in either the ,
“RI or CMP programs that may be causing adverse effects on the RMA .~
" piota, but .it is. doubtful that any other non-target analyte is =

" ‘more abundant in the biota than dieldrin. - ;

The RMA’s aguatic biota is eguivalent to the terrestrial in
- that contamination exists in varying concentrations in most .

"Iigpecies. “As stated above, dieldrin and mercury are the most - "
abundant contaminants detected in the aguatic biota.

4 Tt should be noted that exposure to RMA media (soil, sedi-
ments, or surface water) is not the only source of chemical
exposure to the RMA wildlife. Contamination is-directly
transferred from lower trophic levels of biota to the upper
levels through predation. When a predominant prey base becomes
contaminated, this directly affects all species which rely on
this prey base for food, and spreads the contamination to
wildlife living within the boundaries of RMA and to migratory

. wildlife that may pick up contamination during relatively short
visits at RMA. B ‘ :

The significant concentrations of various target analytes
detected in the tissues of RMA fortuitous samples are of
particular concern. The Army and U.S.F. & W. have been urged to
uridertake histological studies and surveys to identify the cause
of death of these animals to gain a better understanding of the
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overall health of the populations and contaminaht-related
effects.  Without this information, the RI and CMP program
simply characterizes the amount of contamination that exists in

the RMA biota without answering the question of what effect this

contamination is having on the RMA ecosystem.

ds \up-ﬁa_ta\mu\cmmnts\biota.wt 6



overall health of the populations and contaminant-related
effects.  Without this information, the RI and CMP progranm
simply characterizes the amount of contamination that exists in
" the RMA biota without answering the question of what effect this
contamination is having on the RMA ecosystem.

ds\wp-data\rma\coments\biota.cmt ' 6



Tab]a 1.

Rasults of the Biota RI Terrastrial Samﬁling Program.

Species/
Tissue

Locztion/
Samople Size

Analytes/Results

Comments

Marning glory

§ samples from

5 Analytes

As, Ha, Ald, Dield,

Dield=4 hits, mean
.381 pom

abavegraund Basin A As=1 hit at .53%5 ppm End, only analytes
parts 0ield=2 hits .081 and | for plants
' .084 pom
Suntlower § samples from | 5 Analytes Qnly positive
leaves Basin A As=4 hits, mean=1.37 | deteciions in
opm Teaves. HNothing in
} sample fram | Oiald=1 hit, aver .3 Flowers
- Basin C ppm
€nd=1 hit. .188 pom
Earthworms 2 composited | 7 Analytes The onpost cantroi
o samplas Trom Dield=1 hit, 1.93 pom | in Section $ had 8
South Plants Ha=1 hit, over 2.3% samples, all of
ppm wnich had As., Also
Secand sample had hits far Hg,
anzlyzed for Hq oniy. | Oield, and End.
Grasshoppers | 4 composited 7 Analytas | No DDE or 0OT found
, | samples from As=4 hits, mean 3.17 in any grasshoppers
| 3asin A pom ‘
Hg=2 hits, .1C8 and
072 ppm

2 composited Ald=2 hits, .163 and
samples fraom .048 pom
Basin C Oield=2 hits, 1.18
and .4%6 ppm
End=1 hit, .145 pom
| 2 composited Ald=2 nits, .353 and
samples fraom 5.80 ppm
8asin F Dield=2 hits, 1.23
and 7.20 ppm
End=2 hits, .283 and
1.62 pom
| 8a1d Eagle Barr Lake/1 7 Analytes Enbryo said to
Eqg sample, Ha=.099 pom exhibit narmal
1 0ield=.808 ppm develapment
0DE=56.93 pom _
3343402,023



. Table 1 (cont’d.)

318 pem

00E=1 hit. .219 pem

Species/ Lecation/ Analytes/Results Comments

Tissue Sample Size

Kestirals/ 10 callected § Analytes, As not Map shows 1 fewer
juvenile acrgss RMA analyzed sampie than text.
€3reass : Dield=4 hits, mean

One aoffpast sample

had 00€=.733 pem

Kestrel eggs

34 8ggs acraoss

§ Analytss, As not
zanalyzed
Ha=8 hits, mezn .187

pem _
Dield=17 hits, meszn
.512 pom

00E=1 hit, 1.25 opm

Ferruginous
Hawk Brain

§ dezd hawks
across RMA

Anzlytes
He 1 hit, .152 ppm
Oield=4 hits, mezn
5.07 oom

Hichest dieldrin

nit in brains, .98

ppm

Harrier eggs

Lake
2 edqds

Dield=2 hits .
,203 and .878 ppm

Liver Ha=1 hit, .293 ppm
Raptar’s 5 Ferruginous | 7 Analytes , | Raptar summary
Brains Hawks : Hg=3 hits, Range .050 | includes previous
4 Great Horned | to .182 pom ferruginaus data.
‘ Owls -1 0teld=10 hits, Range ‘
3 Red Tajied 175 to 15.6 ppm Hit #s taken from
Hawks COE=2 hits, Range Map. May not be
2 Galden .475 to 10.3 pom exac. ‘
) Ezgles § )
Liver 8irds found Hg=4 h;ts, Range .0EQ
:=d across to .345 ppm
Ced €TSS | fieldels hits, Range
.031 to 27.7 ppm’
Q0E=4 hits, Range -
.0%4 to 15.5 pom
Northern Upper Oerby 7 Analytes 7

USFYS callection

Cayate Liver

e eyt
S ———c—

1 found dead
in Section 2%

7 Analytes ?
Dield=7.6 pom

ANo other tissues

examined.

836304Q2.423




Table 1 (cont’d.)

Species/
Tissue

Location/
Samole Size

Analytes/Results

Comments

Badger Tiver

1 faund dead

in Section 25

5 Analytss, DOT/00E
not included. .

Dield=1.84 pom

Kidney 3 Analytes. CCPs
anly
Dield=.801 pom
Mallards 3 in Havansa & Analytes - As: not
careass, Pond analyzed
juvenile and | 4 in Rod and Hg=3 hits Range .061
adult Gun Pond to .063 ppm
2 in lower Dield=% hits, Range
Qerdy ’ .031 to 4.53 ppm
1 in Lake 00E=5 hits, Range
Ladars .0%4 to .EQ7 ppm
1 in North boag ,
Mallard eggs | 2 North of Hg=2 hits, .173 and
Oerby lakes 185 pom
Dield=2 hits, 3.0 and
4.89 ppm «
D0E=Z hits, .8308 and
[; .919 pom
Watarfow] Upper Derhy 7 Analytes 8g% for Hg in Tiver
Lake Hg=17 hits, Range .08 | and muscle at Upper
Liver 3 Teal to 1.77 ppm Oerpy lake.
S Redhead 0ield=1€ hits, Range '
¢ Cact .106 to .747 popm Oieldrin 94%.
0DE=1 hit, .156 pum
Ald=l hit, .083 ppm
End= 1 hit, .074 pom
Huscle Hg=13 hits, .0%0 to
.E33 ppom
Dield=16 hits, .082
to 1.77 ppm
00€=2 hits, .094 to
.313 ppm -
§343002.423




Table 1 {cont’d.)

H

Pheasant eggs

From Derby and

Ladors Lakes, .

Dield=3 hits, Range
.031 to 5.38 mesn,

Species/ Lacatian/ Analytas/Results Comments
Tissue Samnle Size
SRR =
Ring~iNecked 12 scross RMA | 6 Analytes-No Endrin | Additional samples
Pheasant As=3 hits, Range .25 | from MKE reportad
ta 1.82 ppm As and Dield in
Juvenile 11 sampled Diald=5 hits, Range muscle. Dieldrin
€arcass for As .031 to 1.33 gom ~and 0DE in liver,
Adult carcass | 4 across RMA 0ield=3 hits, Range
: .031 to 2.92 mean
L7687 gom
Ring-Necked 11 total. 7 Analytss

and along 1.12 ppm
First Creck End=1 hit, .143 pom
Morning Dove | 2 found dezad 7 Anzlytes ‘ Highest dieldrin
carcass by 81dg. 111 | Ald=Z hits, .063 and | levels af any
1.83 pom species analyzed
0DE=2 hits, .80Q and
3.44 pom
1 Dield=2 hits, 5.57
znd 53.3 pom
Tiver 1 tazken south | 7 Analytes
of Section 36 | 01eld=7.37 ppm
Ead=3.74 ppm
Cottontail 7 taken from |5 Analytss. Ho | Contrals in NW
Rabbits sactian 38, potT/toE Sectian 20 were all
muscle Squth of 8asin | Oield=3 hits, Mean BOL '
_ A L0583 pom
8345002.423



Table 1 (cont’d.)

Species/ | Lecation/ Analytas/Results | Comments
Tissue Sample Size :
Mule Deer 14 collected 'S‘Analytes No
muscie across RMA 0OT/00€
' | A1l BOL
Tivaer ‘ Dield=l hit, .187 pom
| Prairie Dogs | 14 from £ Anzlytes. No As oniy found in
. Section 38 00E/00T summer, only Oield
during summer | As=2 hits, .478 and higher in summer.
and winter 741 ppm A few very high
Dield=14 hits, Mesn Dield hits.
1.819 opom ‘
¢zrcass | & from Toxic 5 Analytss Shell/MKE z2lso took
Storage Yard As=1 hit, 4.22 ppm | some prairie dog
o Dield=3 hits, Mean sampies. Tne
.114 gom ' results were
. . . similar te Army’s
kidney § from Ssction | § Analytes buéwhgve nergzen
36 Hg-3 hits, Hean .178 included in Zhis
| gpm_ . tzble.
Dield=2 hits, .248 :
- and 1.854 ocom

84630d2.423 : 14
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