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1.0 STATISTICAL ANALYSES FOR CURRENT EXTENT OF CONTAMINATICH IN BIOTA

1.1 INTRQDUCTION

Nonparametric statlstical methods were used for all analyses of tissue
concentration data because variances were consistently heteroscedastic and
markedly non-normal. The g2neral analytical approach for each specles was
the same In that a separate Kruskal-Wallis one-way ANOVA by ranks (Slegel,
1957) for each dependent varlable (l.e., arsenlc, mercury, aldrin, dleldrin,
endrin, DDE, and DDT) inltially was used to evaluate Lf at least one
treatment group differed from the others. This preliminary analysis was
then followed by a set of hlararchical or orthogonal a priori contrasts that
were speciftic for the partlcular experimental design or specles of concern.
The experimental design for each specles is 1llustrated by a dendogram in
which compared groups (vertical lines) are united by a horizontal bar. The
results of the statistical analysis for each varlable are then superimposed

on a dendogram along with descriptive statistics (mean, standard error of

the mean, and sample size) for each treatment group. Samples sizes were
insufficient for statistical comparisons Involving sunflowers or morning
glories. Means were calculated substitutlng zero (0) for levels below

detection limits.

1.2 EARTHWORMS

Raticnale

Pata were available for seven contaminants. Three sites (onsite controls,
offsite controls, and onsite contaminated areas) yielded specimens for
statistical analyses. A priari contrasts Included a comparison of onsite

controls with offsite controls and a comparison of pooled controls with

onsite contaminated areas.

Resulis

Only comparisons for arsenic ylelded stgnificant differences (Figure B.1-1). s
The preliminary AHOVA indicated signiflicance differences among the three P

sites. Onsite controls differed from offsite controls., and the comparlson

of pooled controls with contaminated areas approached significance (0.10 »

p > 0.05). Marny potential differences between control and contaminated
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sltes may have remalned undetected because of low sample sizes, especlally

for the contaminated site (n = 2).

1.3 GRASSEQPRERS
Rationale

Specimens were categorized according to site of capiure from two
contaminated areas (1 = RMA Section 36, 2 « RMA Sectlon 26) and two control
areas (3 = onpost control, 4 = offpost control). The hierarchical analyses
included (1) contrast of Section 36 with Sectlion 26, (2) coantrast of the
offpost control with the onpost control, and (3) contrast of the pooled data
from control sites with the pooled data from contaminated s{ites. Sample
slzes were small for each of the four groups. Data for all seven

contaminants were avallable for analysis.

Results
Statistical results are summarized in Flgure B.1-2. Mercury, DDE, and DDT

fatled to yleld any significant differences. 1In addition to significance in
the preliminary ANOVA, a significant difference In level of arsenic
contamination was detected between contaminated sites and was approached
(0.10 > p > 0.05) for the comparison of pooled contaminastad and pooled
control sites. Significant differences in levels of aldrin were detected in
the preliminary ANOVA as well as between contawminated sites; significance
was approached (0.10 » P > 0.05) for a difference between pooled
contaminated and pooled control sites. Significance was obtalined for all
comparisons of dieldrin levels, except that between onpost and offpost
controls. For endrin, differences among sites were significant among the

four treatment groups in the preliminary ANOVA, as well as between the two

contaminated .ites.

-4 MALLARDS

Batlonale

Specimens were categorized intc six groups according to age (egg, fledzling,
adult) and site (contaminated and control). Four a priorl contrasts were
conducted and included (1) eggs from control versus contaminated sites, (2)

fledglings from control versus contaminated sites, (3) adults from contrcl
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versus contaminated sites, and (4) among age class comparisons in which the

sites were pooled.

Besults

Data were available for all 7 dependent variable except arsenic. The
results of the Kruskal-Wallls ANOVAs for each varliable are presented in
Figure B.1-3. For mercury, highly significant differences existed among the
six treatment groups, and the 3 priorl contrasts ldentifled differences
between fledglings from control and contaminated sites, as well as
differences among age groups when contaminated and control sites were
pooled. For eggs, significance was approached (0.10 > p » 0.05) for
differences in mercury content between control and contaminated sites. For
dieldrin, stgnificant differences were identified between control and
contaminated sites for eggs (p ¢ 0.001) and fledglings (0.05 > p > 0.01):
moreover, differences between control and contaminated sites approached
significance (0.10 > p » 0.05) for adults. When sites were comblned for
each age group, no differences were detected among age groups. Although
none of the statistical tests for DDE revealed slgnificant differences among
treatment groups, significance was approached (0.10 » p » 0.05) in the
initial comparison of the six groups, as well as in the a prlorl contrasts
of control and contaminated sites for eggs., and the comparison among age
greups when sites were combined. Aldrin, endrin, and DDT were never

detected in any tissues and all statlstical comparlsons were nonsignificant.

1.5 PHEASANT

Rarlonale

Specimens were categorized according to site of capture (offpost control
versus onsite contaminated areas) and age (egg, fledgling, or adult) into
six groups (1 = onpost eggs, 2 = onpost fledglings. 3 = onpost adults, 4 =
control eggs, 5 = control fledglings, and 6 = control adults). Few adult
birds were obtalned, especlally from control areas {maximum n = 2). A
priorl contrasts included (1) comparison of onpost and control eggs, (2,
comparison of onpost and control fledglings. (3) comparison of onpost and
control adults, and (4) comparlsons among the three age classes regardless

of site of capture. Data were avallable for all saven contamlnants.
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Results

Statistical results are summarlzed in Filgure B.1l-4. No signiflicant
differences in levels of mercury, aldrin, endrin, DDE, or DDT were obtained
for any contrasts. Although no significant differences in levels of arsenic
Flgure B.1-3 were detected between control and contaminated sltes within any
of the three age groups, significant differences were revealed among age
groups, as well as in the prellminary ANOVA. 1In contrast, significant
differences batween control and onpost sites for eggs and for fledglings
(but not for adults, probably due to small sample slzes) were obtalned for

dieldrin. The preliminary ANOVA was also significant for dieldrin.

1.6 COITONIAIL_RABRIIS

Baricnale
Specimens were obtalned from one contaminated area (1 = RMA Section 36) and

from two control sites (2 = onpost control and 3 « offpost control). A
prioci contrasts included comparison of onpost and offpost controls, and
comparlsons of pooled controls with the contaminated site. Contaminant

levels were obtained for arsenic, mercury, aldrin, dieldrin, and endrin.

Results

Statistical results are summarized i{n Flgure B.1-5. No slignificant
differences were obtalned for any compartison of arsenic, mercury, aldrin., or
endrin. Slgnificance was approached (0.10 > p > 0.05) tn the preliminary
comparison of dieldrin levels among the three groups: the a priorl contrast

between pooled control sites and the contaminated site was significant.

1.7 DEER

Raticnale

Levels of contaminaticn for arsenic, mercury. aldrin, dleidrin, and endrin
were obtained from muscle and liver of specimens from coataminated sites and
offpost control sites. Data were analyzed separately for lliver and muscle
to avoid problems of psuedoreplication (a liver and muscle sample was
analyzed from each speclmen). Moreover, a prloci contras s were not

conducted because only two groups were dlstingulshed in each analystis.
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Besults

Statistlcal results are summarized in Table B.l-1. No significant
differences In levels of contaminatlon in the liver were detected for any
comparisons of control and contaminated sites. In fact, only dieldrin was

detected at a measurable level in the llver of deer.

1.8 PRAIRIE_DQGS

Raticnale

Specimens were categorized by site and season, three samples represented
control areas (l.e., summer onpost control = 2, summer offpost control = 3,
winter onpost control = 6) and three represented contaminated areas (i.e.,
summer RMA Section 36 = 1, winter RMA Section 36 = 4, winter toxic

yard = 6). The a priorl contrasts included (1) comparison of summer and
winter RMA 36, (2) comparison of pooled RMA data with the toxlc storage yard
data (3) comparison of winter and summer onpost controls (4) comparlson of
pooled onpost controls with summer offpost control, and (5) comparison of
pooled control sites with pooled contaminated sites. Data for all dependent

variables except DDE and DDT were available for statlstical analysis.

Results

Statistical results are summarized in Figure B.1-6. Comparisons for
mercury, aldrin, and endrin failed to yleld any stignificant differences.
Similarly, none of the comparisons for arsenic were significant: however,
significance was approached (0.10 > p » 0.05) for the comparison of pocled
control sites with pooled contaminated sites. In contrast, all comparisons

were signiflicant for dieldrin.

1.9 AMERICAN KESIREL

Batiopale

Specimens were categorized by site of collection (1l = contaminated sites on
RMA and 2 - offpost control areas) and age (egg or fledgling). A priard
contrasts Included (1) comparison of eggs from control and contamlnated
sites, (2) comparison of fledglings from control and contamlnated sites, and
(3) comparlison of eggs to fledglings regardless of site of collectlion. Data

were available for all contamlinants except arsenic.
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Statistical Analyses of Contamination in Mule Deer. No

sigificant differences (Kruskal-Wallis one-way ANOVA by
ranks) were obtained for differences between sites (control
versus RMA) for any of the contaminants. regardless of tissue

Table B.1-1.
source.
____________ Muscle
—BMA_____ ———-Control
Y sy N T sy
Arsenic 0 0 14 0 0
Mercury .001 001 14 0 0
Aldrin 0 0 14 0 0
Dieldrin O 0 14 0 0
Endrin 0 0 14 0 0
Y = Mean
SY = Square of Mean
N = Sample Size
Source: ESE, 1938.

B-20

Liver_ _

_____ BHMA_ . ____Contral ___
T Sy M be Sy N
0 0 14 0 0 2
0 0 14 0 0 2
0 0 14 0 0 2

013 .013 14 0 0 2
0 0 14 0 0 2

s S p
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Besults
Statistical results are summarized in Figure B.1-7. Data for aldrin,

endrin, DDE, and DDT were never detected in any of the analyzed specimens.
A significant difference between eggs and fledglings was obtained for
mercury, but neither of the control versus contaminated comparisons were
significant. For dieldrin, signlficance from the preliminary comparison of
the four groups is partially resolved by the a prlorl contrasts 1in which

differences between control and contaminated sites were detected for eggs as

well as for fledglings.
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2.0 STATISTICAL ANALYSES FOR CONTAMINATICN EFFECTS
2.1 INTRQDUCTION
This section is designed to briefly explain the results of statlistical
analyses of the Biota Assessment. Each section of this document corresponds
to a particular data set and comprises three parts: (1) introductory remarks
explaining the rationale of the analysis, (2) actual statistical results
provided i{n tabular form and appended to the text, and (3) remarks as to the

conclusions derived from the statistical analysis.

2.2 SNAILS

Ratiapale

Although snall densities and total welghts were estimated from 7 sites in
each of two years (1986 and 1987), the same sites were not evaluated in each
year. In particular, Wellington B was unique to 1986 and Wellington C was
unique to 1987. This lack of correspondence across years prevents a more
powerful two way ANOVA or ANCOVA approach to evaluating the effect of year
and contamination level on snall density or snail welght. In lieu of the
more powerful factorial approach, a separate one way ANOVA comparing snall
density cross sites was calculated for each year. Slmilarly, a separate one
way ANOVA comparing total snail welght across sites was calculated for each
year. For each of the two dependent varlables, more powerful orthogonal a
pricri tests were conducted that compared the controls to each other
(Wellington A versus B in 1986, and Welllington A versus C in 1987), the five
contaminated lakes to each other (Lake Mary versus Gun Club versus Lake
Derby versus Ladora versus North Bog in each year), and the controls as a
group to the contaminated sites as a group. Agaln, ANOVA and the orthogonal
a priocl contrasts are considered to be robust with respect to deviatlons
from homoscedasticity. Nonetheless, the very highly signlficant
heteroscedasticity detected by the Fmax Test s of considerable concern: as
such, Kruskal-Wallls one way ANOVA by ranks and assoclated non-parametric

orthogonal a priarl contrasts were conducted as a fall safe measures.

In order to control for the possible confounding effects on snatls of
differences among samples In temperature, pH. and vegetation weight
(referred to as covariates hereafter), each of these three factors was used

as an lndependent varlable in a multiple regression for snall density tin
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1986, snall density in 1987, total snail weight in 1986, and total snail
welght in 1987. The residuals from each of these four analyses were saved

and used as dependent variables in four separate sets of a priorl contrasts

and ANOVAs.

Resulis
Tables B.2-1, B.2-2, B.2-3, and B.2-4 report the statistical results of

parametric and non-parametric analyses as well as descriptive group
statistics for snatl density in 1986, snall density in 1987, total snail

weight in 1987, and total snall weight in 1987, respectively.

Remarks

Variances were very highly heteroscedastlic for all four analyses

(p <¢ 0.001). Even though the results of the parametric analyses are
reported in full, subsequent consideration will only focus on the results
from the Kruskal-Wallls one way ANOVA by ranks (for both usual and residual

ANOVAs) .

o Density 1986--The signiflicant differences among the seven sites
were, in part, affected by differences between controls,
differences among the contaminated sites, and dlfferences between
controls as a group and contamirated sites as a group (Table B.2-1).
Although the covarlates significantly affected snall density,
similar differences among sites persisted In the ANOVA by ranks on
the residuals, with the exception that mean values among the

contaminated sltes were !ndistinguishable.

o Density 1987--The signiflcant differences among the seven sltes
were, in part, affected by differences between controls.,
differences among the contaminated sltes, and d1fferences between
controls as a group and contaminated sites as a group (Table B.2-2).
Although the covartiates significantly affected snall density, similar
dlfferences among sites persisted I{n the ANOVA by ranks on the

restduals, with the exceptlon that mean differences between control

sites as a group and contaminated sites as a group did not obtaln

significance.
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Table B.2-1. Statistical Results of Parametric and Non-Parametric Analyses for Snail
Density, 1986.

Above--One Way ANOVA and Orthogonal A Priprl Comparisons of Snall Density Among the
Seven Treatment Groups (NS, Not Significant with P » 0.05). Significance of the
Non-parametric Tests was Identical to That of the Parametric Tests Except Where
Noted by 1, in which Case the Non-parametric Test was Significant at p ¢ 0.001.

Below--Descriptive Statlstics.

ANQYA
Source of Variation DF SS MS F KW Significance
Among 6 2,309,575 384,929  6.905 46.228 0.001 > p
Between Controls 1 818,101 818,101 14.675 7.000 0.001 » p
Among Contaminants 4 442,858 110,715 1.986  28.695 st .
Controls vs. Contam. 1 969,995 969,995 17.399 20.516 0.001 » p
Within 63 3,512,166 55,749
Total 69 5,821,741 84,373

Fnax test of homoscedasticity: Fp,, = 27,996.45 DF = 9,6: P ¢¢ 0.001.

Treatment Mean N Variance Standard Error
Controls
Wellington A 563.100 10 126,725.322 112.584
Wellington B 158.600 10 24,672.711 49.672
Contaminated
Lake Mary 118.200 10 4,548.622 21.327
Gun Club 258.9300 10 224,278.989 149.759
Lake Derby 2.700 10 8.011 0.895
Ladora 9.700 10 83.344 2.887
North Bay 60.100 10 9,896.767 31.459

DF = Degrees of Freedom

SS = Sum of Squares

MS = Mean Square

F = F Yalue

KW « Test Statistic From a Kruskal-Wallls One Way ANOVA by Ranks
N = Sample Slze

Source: ESE, 1988
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Table B.2-2. Statlistical Results of Parametric and Non-Parametric Analyses for Snail
Density, 1937.

Above--One Way ANOVA and Orthogonal A Briorl Comparisons of Snail Density Among the
Seven Treatment Groups (NS, Not Significant with p . 0.05). Significance of the
Non-parametric Tests was Identical to That of the Parametric Test Except Where Noted
by 1, in Which Case the Non-parametric Test wss Significant at p ¢ 0.001.

Below--Descriptive Statistics.

ANQVA
Source of Variation DF SS M5 F K+ Significance
Among 6 1,385,033 230,839 15.440 43.798 0.001 » p
Between Controls 1 767,536 767,536 51.340 13.176 0.001 » p
Among Contaminants 4 31,925 7,981 0.533 21.404 nsl
Controls vs. Contam- 1 585,572 585,572 39.169 23.632 0.001 > p
Within 63 941,872 14,950
Total 69 2,326,875 33,722

Fpax test of homoscedasticity: Fpay = 6,424.6; DF = 3,65 P ¢¢ 0.000.

Treatment Mean N Varlance Standard Error
Controls
Wellington A 428.100 10 80,237.211 89.575
Welllngton B 36.300 10 434.011 6.588
Contaminated
Lake Mary 43.000 10 5,417.333 23.275
Gun Cluo 23.300 10 424.622 6.516
Lake Derby 2.600 10 12.489 1.118
Ladora 71.800 10 17.926.844 42.340
North Bay 8.100 10 199.878 4.471

DF = Degrees of Freedom

SS = Sum of Squares

MS = Mean Square

F = F Value

KW = Test Statistlc From a Kruskal-Wallls One Way ANOVA by Ranks

N =~ Sample Size

Source: ESE, 1988
B-30
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Table B.2-3. Statistical Results of Parametric and Non-Parametric Analyses for Total
Snall Weight, 1986.

Above--One-Way ANOVA and Orthogonal A Priorl Comparisons of Total Snall Weight Among
the Seven Treatment Groups (NS, Not Significant with p » 0.05). Significance of the
Non-parametrlc Tests that Differed from that of the ANOVA are Indicated by Numeric
Superscripts (Zindicates p ¢ 0.001; and 3 i{ndicates 0.01 » p > 0.001).

Below--descriptive statistics.

ANQYA
Source of Variation DF SS MS F KW Significance
Amorg 6 106.38 17.813 3.605 49.885 0.0l > p » 0.0012
Between Controls 1 17.47 17.466 3.535  8.698 Ns?
Among Contaminants 4 80.80 20.200 4.088 33.665 0.01 > p > 0.0012
Controls vs. Contam. 1 7.20 7.197  1.457  14.557 Ns3
Within 63 311.29  4.941
Total 69 418.17  6.060

Fpax test of homoscedasticity Fp,. = 58,900.8; DF = 9,6; P ¢¢ 0.001.

Treatment Mean N Variance Standard Error
Controls
Wellington A 2.676 10 2.454 0.495
Wellington B 0.807 10 0.729 0.270
Contaminated
Lake Mary 1.195 10 2.410 0.491
Gun Club 3.356 10 28.903 1.700
Lake Derby 0.012 10 ¢0.001 0.004
Ladora 0.057 10 0.006 0.025
North Bay 0.205 10 0.084 0.091

DF = Degrees of Freedom

SS = Sum of Squares

MS = Mean Square

F « F Value

KW = Test Statlstic From a Kruskal-Wallis One Way ANOVA by Ranks
N = Sample Size

Source: ESE, 19838
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Table B.2-4. Statistical Results of Parametric and Non-Parametric Analyses for
Total Snail Weight, 1987.

Above--One Way ANOVA and Orthogonal A Briorl Comparisons of Total Snail Welight
Among the Seven Treatment Groups (NS, Not Significant with p > 0.05).
Signiflcance of Mon-parametric Tests, 1f Different from tha ANCVA, are Indicated

by Numeric Superscripts (%indicates 0.01 » p > 0.001).

Below--Descriptive Statlstics.

ANQVA
Source of Varlation DF SS MS F KW Significance
Among 6 31.498 5.250 5.199  38.546 0.001 > p
Between Controls 1 8.844 8.844 15.489 3.727 NS
Among Contaminants 4 1.425 0.356 0.623 14.308 Ns?
Controls vs. Contam. 1 21.228 21.288 37.177 28.585 0.001 5 p
Within 63 35.951 0.571
Total 69 67.499 0.977

Fpax test of homoscedasticity Fp,. = 1,100.0; DF = 9,65 P ¢¢ 0.001.

Treatment Mean N Variance Standard Error
Controls
Wellington A 2.160 10 2.200 0.469
Wellington B 0.830 10 0.256 0.160
Contaminated
Lake Mary C.130 10 0.013 0.037
Gun Club 0.410 10 0.188 0.137
Lake Derby 0.020 10 0.002 0.013
Ladora 0.400 10 0.472 0.207
North Bay 0.380 10 0.831 0.288

DF = Degrees of Freedom

SS = Sum of Squares

MS = Mean Square

F = F Value

£y KW = Test Statistics a Kruskal-Wallils One Way ANOVA by Ranks
; :} N =« Sample Size

Source: ESE, 1983
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o Weight 1986--The signlficant differences among the seven sites were, In
part, affected by differences between controls, differences among the
contaminated sites, and differences between
controls as a group and contamlnated sites as a group (Table B.2-3).
Although the covariates slgnificantly affected total snatl welght,
simllar differences among sites perslsted in the ANOVA by ranks on

the residuals without exception.

o Weight 1987--The significant differences among the seven sites
were, In part, affected by differences among the contaminated
sites, and differences between controls as a group and
contaminated sites as a group (Table B.2-4). Although the
covariates significantly affected total snail weight, similar
differences among sites persisted in the ANOYA by ranks on the
residuals, with the exception that an additional dlfference

between controls was revealed.

2.3 GRASSHQPRER DENSITX

Baticnale

Mean grasshaopper densities were estimated from counts derived from three
groups: onpost controls (N = 10), offpost controls ( N = 26), and
contaminated sites (N ~ 21). Although Bartlett's Test indicated significant
heterogenelty among group virlances using untransformed (X2 w 77.420;

DF = 2: p >> 0.05) or square root transformed data (X2 « 27.980: DF = 2:

p »>> 0.05), the ANOVA is robust with respect to heteroscedasticlity. A
logical sequence of a priorl comparisons [comparing onpost and offpost
controls, then comparing combined controls (both onpost and offpost) to the
contamlnated site) were then conducted as well. Because of the high degree
of heteroscedasticity, parallel non-parametric analyses were calculated as a
fail safe measure. If parametrlc and non-parametric results agree, then one
can be confldent of the statistical Interpretations, regardless of the

inherent assumptlons of the two kinds of analyses.

Differences Ln time of day, temperature., and floral characteristlics (helght
and density) associated with each of the quadrats could have a confounding

affect on grasshopper density beyond that directly assoclated with the

B-33
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staivistical treatments described above. The effect of all four of these
varlables were statistlically removed via multlple regresslon analysis, and
the residual variation subjected to analyses that were analogous to those

described above.

Results

Table B.2-5 contalns the results of parametric and non-parametric ANOVA, a
priorl tests, and descrlptive statlstics on the untransformed data;

Table B.2-6 contalns the results of the multiple regressicn analyslis, as
well as the parametric and non-parametric ANOVA and a priorl tests on the

residuals from the multiple regression analysis.

Bemarks

The overall ANOVA, as well as each of the a priozl comparisons, were non-
significant, indicating a lack of treatment effect on mean grasshopper
density for the untransformed data as well as the reslduals. The
differences In degrees of freedom between analyses of untransformed data and
residuals occurs because floral characteristics were not avallable for all
the data, effectlvely reducing sample sizes for analyses lavolving the

residuals from the multlple regression analysis.

2.4 EARTHWORM DENSIIX
Ratlanale

Estimates of worm density from three sites (Barr Lake Control, N=4: Section 5
Control, N«5; and South Plant Contaminated, Na5) were statistically compared
using a hierarchical set of orthogenal comparisons via the ANOVA (and a
priorl comparisons) as well as via non-parametric Kruskal-Wallls one way
ANOVA by ranks. Controls were first compared to each other, then the
controls as a group were compared slmultaneously. Although the parametric
tests are robust with respect to moderate deviations from homoscedasticlty,
Bartlett’'s Test indlcated heteroscedzasticlty (p ¢ 0.05), and the non-

parametric tests were conducted to validate the results of the ANOVA.

Results

Table B8.2-7 contalins the result of all statlstical analyses.
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Table B.2-5. Statistical Analysis of Grasshopper Density.
Above--One Way ANOVA and Orthogonal A Briori Comparisons of Grasshopper Density
Among the Three Treatment Groups. Statistical Results are Identical for Both

Parametric and Non-parametric Tests.

Below--Descriptive Statistics.

ANQVA
Source of Variatlion DF SS MS F KW Significance
Among 2 701.4 350.73 3.00 3.168 NS
Between Controls 1 430.7 430.68 3.69 0.844 NS
Controls vs. Contam. 1 270.8 270.78 2.32 1.779 NS
Within 54 6,304.7 116.75
Total 56 7,006-1 125.11

Bartlett’'s test of homoscedasticlty: X2 « 77.420: DF = 2: P » 0.05.

Treatment Mean N Variance Standard Error
Control 1.524 21 4.262 0.450
Contaminated

Onpost 8.923 26 247.274 3.084

Of fpost 2.800 10 4.178 0.646

KW « Test Statlstic From Kruskal-Wallls One Way ANOYA by Ranks
NS = Not Significant with p > 0.05

N = Sample Size

DF = Degrees of Freedom

SS = Sum of Squares

M3 « Mean Square

F = F Value

Source: ESE, 1988
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Table B.2-6. Multiple Regression Analysls of Grasshopper Density and Analysls of
Residuals From the Multiple Regression Analysls.

Above -~ Multiple Regresslon Analysis of Grasshopper Density as a Function of
Time, Temperature, Vegetatlion Height, and Vegetation Density (= Model). Multiple
R? of the Model was Low (0.128): Simple Correlations with Grasshopper Density by
Time, Temperature, Vegetatlon Helght, and Vegetation Welght were 0.007, 0.064,
-0.070, -0.343, Respectively.

Below -- One Way ANOVA and Orthogonal A Prlorl Comparisons of Grasshopper Density
Among the Three Treatment Croups. Statistical Results avz Identical for
Both Parametric and Non-parametric Tests.

Source of Variation DF SsS MS F Signiflicance
Model f 766.3 191.58 1.32 NS &
Error 36 5228.5 145.24
Total 40 5994.8 1:9.87 g
ANOYA
Source of Variation DF SS MS F KW Significance b
- ¢
Among 2 575.3  287.67 2.35  1.877 NS
Between controls 1 202.0 202.03 1.65 0.314 NS 2
Controls vs. Contams. 1 373.3 373.31 3.05 1.590 NS {
Within 38 4653.2  122.45
Total 40 5228.5 130.71 b
_____ - :
KW = Test Statistic From Kruskal-Wallls One Way ANOVA by Ranks 3
NS = Mot Significant with p » 0.05
N = Sample Slze

DF = Degrees of Freedom
SS = Sum of Squares

M5 = Mean Square

F = F Value

Source: ESE, 1988.
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Table B.2-7. Statistical Analysls of Earthworm Density

Above -- One Way ANOVA and Orthogcnal A Priorl Comparisons of Worm Density Among
the Three Treatment Croups. Statlstical Results of the More Conservative Non-
parametric Tests are Reported (Significance of the Parametric Analyses was
Consistently Less than 0.001).

Below--Descriptive Statlstlics.

ANQYA
Source of Variation DF Ss MS F KW Signiflcance
Among 2 9,181.0 4,590.50 42.14 9.861 0.01 > p > 0.001
Between Controls 1 6,360.6 6,360.56 58.41 6.050 0.61 » p > 0.001
Control vs. Contams. 1 2,820.5 2,830.46 25.90 4.049 0.05 5 p > 0.01
Within 11 1198.2  108.93
Total 13 10379.2  798.40

Bartlett's Test of Homoscedasticity: %2 = 8.691: DF = 2; 0.01 < p ¢ 0.05.

Treatment Mean N Varlance Standard Error
Contaminated 2.600 5 33.800 2.600
Control
Barr 2.500 4 9.000 1.500
Section 5 56.000 5 259.000 7.197

KW = Test Statistics From Kruskal-Wallis One Way ANOVA by Ranks
NS = Not Significant with p > 0.05

N = Sample Size

DF = Degrees »f Freedom

5S = Sum of S5quares

MS = Mean Squa, @

F = F Value

Source: ESE, 1988.
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Remacks

Results of non-parametrlc and parametrlic tests were ln agreement for all
analyses. The overall significant differences among groups were further
resolved in that the two controls differed from each other, and that despite
this difference, the combined control group was different from the

contaminated site.

2.5 ACETYLCHOLINESTERASE_(AChE) ACTIVITY

2.5.1 PRAIRIE DOGS

Bationale

Specimens were obtained from four locales (Sections 36, 31, onpost control
and offpost control), each of which constitutes a statistical treatment
group. Séctions 36 and 31 are contaminated sltes whereas onpost and offpost
controls represent sites without direct evidence of contamination. One way
analysis of variance (ANOVA) was conducted to evaluate the existence of mean
treatment effects among the four groups. More powerful a priarl tests were
conducted to compare the two controls to each other, the two contaminated
sites to each other, and the comblined control sites to the combined
contaminated sites. Although the ANOVA and a priorl tests were relatively
robust with respect to Ilnequality of variances (heteroscedasticlty) for the
statistical treatment groups, many a pasteriac{ test are quite sensitive to
deviations from homoscedasticity. Bartlett’'s Test (Sokal and Rohlf, 1981),
Indicated that variances were homoscedastic (X2 = 5.168, DF « 3, p ¢ 0.03),
hence the SNK test was used to make all possible comparisons among treatment
groups- Although less powerful than either ANOVA or a priorl tests, the SNK
test does facllitate particular pair-wise comparisons that the other two

analyses cannot evaluate.

Besulis
Table B.2-8 contalins the descriptive statistics and results of the ANOVA,

orthogonal a priori tests, and a posteriorl results from the SNK test.

Remarks

The ANOVA clearly detected the existence of at least one group with a mean
level of AChE that differed from the others (p ¢ 0.01). Moreover, the a

priorl tests detected significant differences between the two control sites
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Table B.2-8. Statistical Analysls of AChE Activity in Pralrie Dogs.

Above--One Way ANOVA and Orthogonal A Brlorl Comparlisons of AChE Activity Among
Four Treatment Groups.

Below--Descriptive Statistics and Results of A Posteriori Comparlsons Using the
Student-Neuman-Kuel’'s Test; Treatment Means with Identical Letter Superscripts are
Statistically Indistingulshable at the 0.05 Level of Significance.

Source of Varlation DF SS MS F Significance
Among 3 104.3  34.78 6.48 0.01 > p > 0.001
Sites 36 versus 31 1 32.9  32.89 6.12 0.05 > p » 0.01
Control Onpost vs. Offpost 1 26.7 26.73 4.98 0.05 5> p>» 0.01

Control vs. Contan. 1 44.7  44.72 8.32 0.01 > p » 0.001
Within 35 187.8 5.37
Total 38 292.2 7.69
Bartlett's test of homoscedastlcity: X2 = 5.636; DF = 33 P 5 0.05.
Treatment Mean N Variance Standard Error
Contaminated B
Section 31 10.6902 5 2.304 0.679
Section 36  13.6782) 14 3.870 0.526
Control
Onpost 14.0908°b 12 3.901 0.570
Offpost 16.450b 8 12.200 1.235

N « Sample Slze

DF = Degrees of Freedom
SS = Sum of Squares

MS = Mean Square

F = F Value

Source: ESE, 19838
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(p ¢ 0.05), between the two contaminated sections (p ¢ 0.05), and between
control sites as a group and contaminated sectlons as a group (p ¢ 0.01).
The only additlonal information provided by the results of SNK Test is that
pratrie dogs from contamlinated Sectlon 31 and the offsite control exhlbited

statistically different levels of AChE as well.

2.5.2 COTTONTAIL RABBITS

Rationale

AChE activity In rabblits was evaluated from four sites. The sample size
from Section 35 was too small (N = 1) for statistical analyses and was
combined with data from Sectlon 36 (N = 7) to constitute the contaminated
group (N = 8). Sample sizes from onpost and offpost control sites were
sufficiently large (onpost, N =~ 11; offpost, N « 8) for statistical
purposes, and together with the contaminated slte, constituted the three
treatment groups. One way ANOVA was conducted to evaluate the existence of
mean treatment effects among the three groups. More powerful a priori tests
were conducted to compare the two controls to each other, and the combined
control sites to the contaminated sites. A pasteriori tests were not
performed on the data because the more powerful ANOVA falled to detect

significant differences among groups.

Besults
Table B.2-9 contains the descriptive statlstics, the result of Bartlett's

Test, and results of the ANOVA and orthogonal a priagrl tests.

Bemarks
Both the ANOVA and a priorl comparisons falled to detect any mean

differences among treatment groups.

2.5.3 MALLARDS
Raticoale

AChE activity in mallards was evaluated from two sites. The samples from
all contaminated sites were comblined as a single group (N = 9) and compared
to those from the offpost control (N =~ 6) via a one way ANOVA. Nelther a
priorl nor a pastecliorl tests were conducted because the number of groups

equalled two.
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Table B.2-9. Statistical Analysts of AChE Activity in Cottontall Rabbits

Above--One Way ANOVA and Orthogonal A& Priarl Comparisons of AChE Activity Among 3
Treatwent Groups.

Below--Descriptive Statistics: SNK Tests were not Conducted Because the Overall
Results of the ANOVA were not Significant.

Source of Variatlon DF SS MS F Stgnificance
Among 2 2.48 1.24 1.10 NS
Control Onpost vs Offpost 1 2.48 2.48 1.10 NS
Control vs Contam. 1 0.00 0.00 0.00 NS
Within 19 21.40 1.13
Total 21 23.88 1.14

Bartlett’'s test of homoscedasticity: X2 = 1.575; DF = 2: P > 0.05.

Treatment Mean N Variance Standard Error
Contaminated 11.248 8 0-757‘ _ 0.308
Control

Onpost 11.733 6 1.958 0.571

Of fpost 10.882 8 0.901 0.336

NS = Not Significant with p » 0.05
N = Sample Size

DF = Degrees of Freedom

SS = Sum of Squares

MS = Mean Square

F = F Value

Source: ESE, 1988.
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BResults
Table B.2-10 contalns the result of the ANOVA as well as descriptive

statistics.

Bemarks
The ANOVA Indlcated that evidence for mean differerces between contaminated

and control groups was not present in the data, the low degrees of freedom
(V = 1,13) comblned with the level of slgnificance (p = 0.149) suggest that

with larger samples sizes, true differences wight be forthcoming.

2.5.4 PHEASANTS
Ratiaonpale

AChE actlvity in pheasants was evaluated from two sites. The samples from
all contaminated sites were combined as a single group (N = 6) and compared
to those from the offpost control (n =« 7) via a one-way ANOVA. WNeither a
priarl nor a pasterlorl tests wera conducted because the nunmber of groups

equalled two.

Results
Table B.2-11 contains the result of Bartlett’'s Test for homogenelty of

varlances, the ANOVA, and descriptive statlstics.

Remarcks

The ANOVA indicated that evidence for a mean difference between contaminated

and control groups was not present in the data.

2.6 PRAIRIE_DOG_DENSITY

Ratiopale

Counts of orairle dog denslty form a total of six different treatment groups
constitute the data. In general., two independent factors (season--summer
and winter: as well as treatment--contaminated and control) describe each
treatment group: however, the sectlons that constituted the contaminated
groups were not the same in both seasons. As a result, two-way ANOVA could

$Wj> not be performed. MNonetheless, a one way ANOVA with a prlorl contrasts,

designad to take into account season and contamlnatlon status, provided a

powerful method of detecting differences among groups. The first level of
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Table B.2-10. Statistical Analysls of AChE Activity in Mallards.

Above--One Way ANOVA of AChE Activity Between Two Treatment Croups (control versus \
contaminated sites). .

Below--Descriptive Statistics.

Source of Variation DF SS MS F Significance
Among 1 6.37 6.37 1.99 NS
Within 13 41.56 3.20

Total 14 47.93 3.42

Bartlett's test of homoscedasticity: X2 = 0.480: DF ~ 15 P > 0.05.

Treatment Mean N Variance Standard Ecror
Contaminated 14.836 9 3.845 0.654
Control 13.505 6 2.160 0.600

NS = Not Significant with p > 0.05
N = Sample Size

DF = Degrees of Freedom

S§S = Sum of Squares

MS = Mean Square

F = F Value

Source: ESE, 1988.
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Table B.2-11. Statlistical Analyses of AChE Actlvity in Pheasants

Above--One Way ANOVA of AChE Actlvity Between Two Treatment GCroups (control versus
contaminated sites).

Below--Descriptive Statistlcs.

Source of Vartation DF SS MS F Significance
Among 1 5.32 5.32 0.70 NS
Within 11 84.02 7.64

Total 12 89.34 4.45

Bartlett's test of homoscedasticity: X2 = 1.9145 DF = 13 P 5 0.05.

Treatment Mean N Varlance Standard Error
Contaminated 21.765 6 12.340 1.434
Control 23.079 7 3.720 0.729

NS = Not Significant with p > 0.05
N = Sample Size

DF = Degrees of Freedom

SS « Sum of Squares

MS = Mean Square

F = F Value

Source: ESE, 1988.
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the hlerarchical division of groups ls between summer and winter census
data. Within winter, combined controls (west and east) were compared to
central sites (contamlnated Plot 21 and 22 plus uncontaminated but adjacent,
Plot 24 and 23). Withln winter controls, east and west were compared to
each other. Within summer, Plots 1, 4, 13, 8, and 9, as a group (Others)
were compared to combined controls (east and west). Subsequently, east

control and west control sectlons were compared to each other.

Results
Table B.2-12 contains the results of tha ANOVA, orthogonal a priori

contrasts, and descriptive statistics.

Remarks

Bartlett’'s Test indicated that the variances of the treatment groups were
homoscedastic. Although the ANOVA suggested no significant differences
among the six treatment groups, the more powerful a priori tests were
conducted as described In the rationale above. Nonztheless, none of the
orthogonal comparisons ylelded significant differences, indicating that mean
prairie dog densities did not differ among the six slites to any detectable
degree beyond chance expectations. 4 pcsieiianl tests were not conducted
because they would be less powerful than the ANOVA (which did not detect any

mean group differences).

2.7 AMERICAN KESTREL_STUDRY

Batlonale

American kestrel nesting success was compared between sites (control vs RMA)
and among years (1982 vs 1983 vs 1986). Four factors (clutch size,
hatchlings per nest, fledgling per successful nest, and fledgling per all
nests) were tested. BRoth parametric and non-parametric statistics were

performed.

Results
Table B.2-13 contalins the results of the ANOVA, Kruskal-Wallls ANOVA., and a

priorl contrasts.
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Table B.2-12. Statistical Analysis of Prairie Dog Density.

Above--One Way ANOVA and Orthogonal A Brlarl Comparisons of Pralrie Dog Density
Among Slx Treatment Groups

Below--Descriptive Statlstlcs.

N Source of Variation DF SS MS F Significance
Among 5 745.6 149.11 1.09 NS
Summer vs Winter 2 124.2 124.22 0.91 NS
Summer
Control E vs W 1 387.4 387.36 2.84 NS
Contrul vs Others 1 23.8 23.82 0.18 NS
Winter
Control E vs W 1 50.0 50.00 0.37 NS
Control vs Central 1 160.2 160G.17 1.174 NS
Within 25 3,410.3 136.41
Total 30 4,155.9 138.53
Bartlett's test of homoscedasticity: X? = 4.354: DF = 5: P > 0.05.
Treatment Mean N Variance Standard Error
s Summer
Others 17.600 5 197.300 6.282
Control E 16.222 9 65.694 2.702
Control W 27.200 5 123.700 4.974
Winter
. Central 28.750 4 60.917 3.902
Control E 18.500 4 159.667 6.513
Control W 23.500 4 303.000 8.703

NS = Not Significant with p » 0.05
N = Sample Slze

DF = Degrees of Freedom

SS = Sum of Squares

MS = Mean Square

F = F Value

W‘"‘)
o Source: ESE, 1988.
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Table B.2-13. Statistlical Analysls of American Kestrel Nesting Success.
Clutch Hatchling Fledgling per  Fledgling per

Analysis/Kestrel Size Per Nest Success Nest All Nest
ANOVA:

Source

Between Sites (S) NS NS NS (]

Among Gores (Y) NS * NS ek

SxY NS NS NS NS
A prilorl (PARAMETRIC)

82-Control vs. RMA NS NS NS NS

83-Control vs. RMA NS NS NS »

86 Control vs. RMA NS NS NS NS

82 vs. B3 vs. 86 NS * NS %
K-W ANOVA: Source

Among site-yr combos NS Q NS o
4 priccl (NONPARAMETRIC)

82-Control vs. RMA NS NS NS NS

83-Control vs. RMA NS NS NS P

B6 Control vs. RMA NS NS NS NS

82 vs. 83 vs. 86 NS * NS *

NS = Not Significant.
» = p¢0.05.
wie = pc0.01

@ = Near Significant (0.100>p>0.050)

ety s e

o
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3.0 STATISTICAL ANALYSES FOR AQUATIC CONTAMINANTS

3.1 RATIICNALE
The objectives of the RMA aquatic biota investigations in 1986 were to test

for contamlnant differences among RMA lakes, among aquatic specles, and
among tissue types within specles. In 1988, objectives were similar except
that samples were takan from only one RMA lake., Lower Derby Lake, and
compared with samples taken from one offsite lake, HcKay Lake. Lower Derby

Lake was chosen as representative of RMA lakes based on the findings of the

1986 studies.

Two approaches were used in the statistical analyses of the aquatlc data.
The first emphasized comparing differences among lakes and among fish
species using strictly orthogonal (i.e., non-overlapping) data sets. These
tests are referred to in the text as “primary tests.” The second approach
focused upon exploring for differences among many combinatlons of lakes,
species, and tissue types. To accomplish thils, numerous palr-wise
comparisons were performed. These-tests are referred to in the text as
“secondary tests.” Problems with the second approach involved smaller
sample slzes and a lack of Independence among some tests. As an example of
the latter, data for fillets and remalns of bass in McKay Lake (1988) were
used both for comparisons between McKay Lake and Lower Derby Lake, and

between fillets and remains within McKay Lake.

A nonparametric approach was used as the principal basls for assessing
statlstical dlfferences because of the greater generality provided by
nonparametric ftest {compared to parametric tests) and:

o To avold problems of well-documented heteroscedasticity in the
data (lincluding where treatment cells have zero variance because
all samples are below the CRL):

o To avold questions of assignment of numerical values to below CRL
situations which could introduce bias In parametric tests but not
in nonparametric tests based on ranks (l.e., all below CRL values
would be tiled at the lowest rank In KW tests); and

o To avold criticism of treatment cells which appear markedly non-

normal.

B-48
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In the majority of cases (13 of 16 tests) the data were either
heteroscedastic (p ¢ 0.05) or a treatment cell had zero varlance.
Homoscedasticity was observed in three cases, but the power was low due to
the small sample sizes. Although primary tests comprise both parametric and
nonparametric approaches, consistently significant heteroscedasticity,
treatment cells with zero varlance, and small sample sizes with non-normal
appearlng dlstributlions argue for reliance on the nonparametric results.

The Kruskal-Wallls nonparametric ANOVA has a 95% asymptotlc power effliclency
compared to the parametric test (when its assumptions are valld), and the
levels of significance for both approaches are similar throughout. As a

result, “primary tests” hereafter only refer to the nonparametric results.

In additlon, both the 90 percent and 95 percent rejection levels were
considered when interpreting the results. The 95 percent level (p ¢ 0.05)
is referred to in this report as being "significant,” while the 99 percent
level (0.05 < p ¢ 0.1) is saild to be "approaching significance.” Fp,x tests

of homoscedasticity were performed for all analyses.

3.2 RESULTIS_AND_DISCUSSION

Descriptive statistics (mean, standard error, and sample size) for all tests
rejecting null hypotheses are shown in Table B.3-1. Tables B.3-2 through
B.3-8 present primary tests, including significant and nonsignificant
results. Tables B.3-9 through B.3-11 present secondary tests, for
significant results only. Tables B.3-12 through B.3-14 present additlional

secondary tests with only nonsignificant results.

Sample slzes of the treatment groups varled from two to six: as a result,
statlstical power was low. Large group differences are requiraed to produce
significant analyses. 1In many cases, a lack of significance may be an
artifact of sample slze rather than an indlcator of no treatment effect.
Inconsistent (or nonparallel) data collectlon between levels of the possible
treatment factors (years, lakes, specles, tlssues) also prevents many
questions concerning the effects of contamination from being answered in a

satisfactory manner.
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Table B.3-1. Descriptive statistics (mean, standard error, and sample size) for
s analytes (A, mercury: B, dleldrin; and C, DDE) t{nvolved in previous statistical
anzlyses.
BLUEGILL LARGEMOUTH BASS NORTHERN PIKE
LAKE —— - -
WHOLE REMAI FILLET WHOLE REMAIN FILLET WHOLE REMAIN FILLET
A. MERCURY
", DERBY._(1986)
MEAN 0.050 0.054 0.406
S.E. 0.000 0.004 0.064
N 3 3 3
LADORA_(1986)
MEAN 0.084 0.182 0.330
S.E. 0.020 0.049 0.040
N 2 3 3
MARY _(1388)
| MEAN 0.074 0.083 0.074 0.075
} S.E. 0.014 0.016 0.015 0.025
! N 6 3 3 2
DERDY._{1988)
MEAN 0.063 0.250 0.359
S.E. 0.007 0.025 0.062
N 6 5 5
MCKaY (19881
MEAN 0.050 0.109 0.188 0.084 0.152
S.E. 0.000 0.022 0.030 0.011  0.023
N 2 5 5 5 )
B-50
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Table B.3-1 (continued)
BLUEGILL LARCEMOUTH BASS NORTHERN PIKE

LAKE

WHOLE REMAIN FILLET WHOLE REMAIN FILLET WHOLE REMAIN FILLET
B. DIELDRIN
DERBY_(1988)
MEAN 0.149 0.077 0.031
S.E. 0.006 0.024 0.000
N 3 3 3
LADORA_(1986)
MEAN 0.100 0.032 0.038
S.E. 0.027 0.001 0.007
N 3 3 2
MARY_(1986)

0.034 0.059 0.031
0.003 0.028 0.000
3 3 2
0.375 0.486 0.218
0.097 0.132 0.060
5 5 5
MCKAY_(1988)
MEAN 0.031 0.031 0.031 0.031 0.031
S.E. 0.000 0.000 0.000 0.000 0.000
N 2 5 5 5 5
; ]
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Table B.3-1 (continued)

BLUEGILL LARCEMOUTH BASS NORTHERN PIKE

LAKE

WHOLE REMAIN FILLET WHOLE REMAIN FILLET WHOLE REMAIN FILLET
C. DDE
DERBY_(1988)
MEAN 0.094 0.593 0.329
S.E. 0.000 0.152 0.101
N 6 5 S
MCKAY_ (1988)
MEAN 0.094 0.094  0.094 0.094 0.0%4
S.E. 0.000 0.000 0.000 0.000 0.000
¥ 2 5 5 5 5
D. ALDRINZ
DERBY (1988}
MEAN 0.020 : 0.020 0.033 0.005
S.E. 0.000  emeea 0.006 0.005
N ) 1 5 5
MCKAY _(1988)
MEAN 0.020 0.020 0.020 0.020 0.020
S.E. 0.000 0.000 0.000 0.000 0.000
N 2 5 5 5 5

! values for whole tissue samples of Mercury in 1988 for Bass in Lake McKay, and
Biueg{ll in Lake McKay were reconstituted samples.

2 Although data were collected on DDE in 1986. all sample values were the CRL (0.094)
except for the single Bullhead from Lower Derby (whole tissue) regardless of lake,
spacles, or tissue type. No statistical tests were performed on these data and
descriptive statistlic were simllarly not reported in tabular form since sample means
(0.094) and sample standard errors (0.000) would be equal.

3 Although data wera collected on aldrin in 1986, all sample values were the CRL
(0.020) regardless of laka, specles, or tissue type. No statistical tests were
performed on these data and dascrlptlve statistic were similarly not reported in
tabular form since sample means (0.020) and sample standard errors (0.000) would be

equal.

B-52



B e e e it e

C—KMA-UIU/ DLURLAL L.

5/3/89

Table B.3-2 Results of one-way (lLake Derby versus Ladora) parametric and
nonparametric (Kruskal-Wallls one-way analysis of variance by ranks = KW) ANOVA on
analytes (A, mercury: and B, dleldrin) for pike fillets in 1986.

SOURCE DF MS F SICNIFICANCE K-W SICNIFICANCE
A. MERCURY

LAKE 1 0.007 0.749 0.451 0.351 0.554
WITHIN 3 0.009

TOTAL 4

B. DIELDRIN

LAKE 1 0.000 1.800 0.259 1.500 0.221
WITHIN 3 0.000
TOTAL 4

DF - Degrees of Freedom
MS - Mean Square
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Table B.3-3 Results of one-way (blueglll versus largemouth bass) parametric and
nonparametric (Kruskal-Wallis one-way analysis of varlance by ranks = XW) ANOVA on
analytes (A, mercury; and B, dieldrin) for Lake Mary fillets in 1986.

SOURCE DF MS F SIGNIFICANCE K-W SIGNIFICANCE
A. MERCURY
SPECIES 1 0.000 0.063 0.818 0.093 0.761
WITHIN 3 0.001
TOTAL 4
B. DIELDRIN
SPECIES 1 0.000 0.600 0.495 ] 0.067 0.414
WITHIN 3 0.000
TOTAL 4
DF ~*Eegrees of Freedom B
MS - Mean Square
B-54
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Table B.3-4 Results of one-way (remains versus flllets) parametric and nonparametric
(Kruskal-Wallls one-way analysis of varlance by ranks = KW) ANOVA on analytes (A,
mercury; B, dleldrin; and C, DDE) for bluegill from Lake McKay in 1988.

SOURCE DF MS F SIGNIFICANCE KW SIGNIFICANCE
A. MERCURY
TISSUE 1 0.016 4.523 0.06? 3.153 0.076 @
| WITHIN 8 0.003
' TOTAL 9
B. DIELDRIN
TISSUE 1 0.000  c-eee 1.000 0.000 1.000
WITHIN 8 0.000
TOTAL 9
C. DDE
TISSUE 1 0.000  eeee- 1.000 0.000 1.000
- WITHIN 8 0.000
TOTAL 9

DF - Degrees of Freedom
MS - Mean Square
@ - Near Significance (0.100 > p » 0.050)

e
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e
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Table B.3-5. Results of two-way (lakes -- Derby versus Ladora versus McKay; specles --
largemouth bass versus bluegill) parametcric ANOVA (including a priori tests) and
hierarchical nonparametric Kruskal-Wallls one-way ANOVA by ranks (KW) on analytes (A,
mercury: B, dieldrin) for whole tissue samples in 1986.

SOURCE DF MS F P K-W P

A. MERCURY

GROUPS 5 0.007 4.318 0.012

LAKES WITHIN BASS 2 0.014 8.400 0.001

LAKES WITHIN BLUEGILL 2 0.001 0.600 0.550

BASS VERSUS BLUEGILL 1 0.006 3.600 0.070

LAKES (L) 2 0.011 6.552 0.009

SPECIES (S) 1 0.005 2.961 0.096

L XS 2 0.005 2.964 0.082

WITHIN 15 0.002

GROUPS 9.948 0.077 @

LAKES WITHIN BASS 5.241 0.073 @

LAKES WITHIN FILLETS 4.403 0.132

LARGEMOUTH BASS VERSUS 1.437 0.487

BLUEGILL

B. DIELDRIN

GROUPS 5 0.005 2.927 0.049

LAKES WITHIN BASS 2 0.002 1.250 0.140

LAKES WITHIN BLUEGILL 2 0.004 2.500 0.120

BASS VERSUS BLUEGILL 1 0.013 8.125 0.010

LAKES (L) 2 0.004 2.233 0.142

SPECIES (S) 1 0.014 8.918 0.009

LXS 2 0.001 0.626 0.548

WITHIN 15 0.002

GROUPS 8.667 0.123
LAKES WITHIN BASS 0.461 0.7%4

LAKES WITHIN FILLETS 3.103 0.212
LARGEMQUTH BASS YVERSUS 5.284 0.071 @
BLUECILL

OF - Degrees of Freaedom
MS -~ Mean Square
@ - Approaches significance (0.100 > p » 0.050)

<
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Table B.3-6 Results of two-way (lakes -- Derby versus McKay; tissues -- remains
versus fillets) parametric ANOVA and hlerarchical nonparametric Kruskal-Wallis one-way
ANOVA by ranks (KW) on analytes (A, mercury; B, dieldrin; C, DDE; D, aldrin) for
largemcuth bass 1n 1988.

SOURCE DF MS F SICNIFICANCE K-W SIGNIFICANCE
A. MERCURY

GROUPS 3 0.072 11.143 0.000

LAKES (L) 1 0.174 27.038 0.000

TISSUES (T) 1 0.039 6.071 0.026

LXT 1 c.002 0.322 0.578

WITHIN 16 0.006

GROUPS 14.657 0.002 wx
BETWEEN LAKES WITHIN REMAINS 6.818 0.009 %=«
BETWEEN LAKES WITHIN FILLETS 5.741 0.016 »
FILLETS VERSUS REMAINS 2.286 0.131

B. DIELDRIN

GROUPS 3 0.295 g8.321 0.001

LAKES (L) 1 0.616 17.367 0.001

TISSUES (T) 1 0.135 3.798 0.072

LXT 1 0.135 0.135 3.798

WITHIN i6 0.567

GROUPS 15.234 0.002 *»»
BETWEEN LAKES WITHIN REMAINS 7.759 0.005 #»
BETWEEN LAKES WITHIN FILLETS 5.538 0.019 »

FILLETS VERSUS REMAINS 0.685 0.408

C. DDE

GROUPS 3 0.885 8.321 0.001

LAKES (L) 1 0.674 16.165 0.001

TISSUES (T) 1 0.087 2.095 0.136

LXT 1 0.087 2.095 0.136

WITHIN 16

GROUFPS 14.657 0.002 =
BETWEEM LAKES WITHIN REMAINS 6.818 0.009 «»
BETWEEN LAXES WITHIH FILLETS 5.741 0.016 =

FILLETS VERSUS REMAINS 2.286 0.131
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Table B.3-6 (continued}

SOURCE DF MS 13 SIGNIFICANCE K-W SIGNIFICANCE
p. ALDRIN
GROUPS 3 0.00020 2.728 0.078
LAKES (L) 1 0.00420 5.666 0.031
TISSUES (T) 1 0.00009 1.260 0.156
LXT 1 0.00009 1.260 0.156

H WITHIN 16 0.00007
GROUPS 10.038 0.018 »
BETWEEN LAKES WITHIN REMAINS 5.538 0.019 «
BETWEEM LAKES WITHIN FILLETS 1.000 0.371

FILLETS VERSUS REMAINS 1.935 0.164

DF - Degrees of Freedom

MS - Mean Square

« - Stgnificant (p ¢0.05)

«% - Highly significant ( p <0.01)
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% ble B.3-7. ABOVE Results of two-way (lakes--Derby versus McKay; speclec--Largemouth

.ass versus Bluegill) parametric ANOVA (including a priori tests) and hierarchical

nonparametric Kruskal-Wallis one-way ANOVA by ranks (KW) on mercury for whole tissue
samples In 1988. BELOW--Results of one-way (Lake Derby versus Lake McKay) parametric
and nonparametric (Kruskal-Wallis one-way ANOVA by ranks = KW) ANOVA on dleldrin and

DDE for whole tissues in 1988.

P(KW) = significance of Kruskal-Wallils results

B-59

SOURCE DF MS F SIGNIFICANCE K-W SIGNIFICANCE
A. MERCURY
GROUPS 3 0.045 11.250 0.000
LAKES WITHIN BASS 1 0.074 19.923 0.000
LAKES WITHIN BLUEGILL 1 0.000 2243 0.130
BASS VERSUS BLUEGILL 1 0.053 14.269 0.001
LAKES (L) 1 0.015 3.981 0.620
SPECIES (S) 1 0.053 14.236 0.001
LXS 1 0.068 18.226 0.000
WITHIN 21 0.004
TG ROUPS 14.162 0.003%%
L AKES WITHIN BASS 6-587 0.010%x

A\KES WITHIN BLUEGILL 2.613 0.106
BASS VERSUS BLUEGILL 6.311 0.102+
B. DIELDRIN
LAKES 1 0.002 1.801 0.201 2.018 0.155
WITHIN 6 0.001
TOTAL 7
C. DDE
TISSUE 1 0.000 @ —-e-- 1.000 0.000 1.000
WITHIN 6 0.000
TOTAL 7
» DF = Degrees of Freedom i

MS = Mean Square

F = one-way ANOVA results
P « gignificance of F to t-test results
KW = Xruskal-Wallls results




1. SOURCE DF MS F
Mercury 1986
Vhole-Body:

Ladora, Mary 1 0.012 5.011
Bass, Bluegill 1 0.009 3.639
Lake by Species 1 0.006 2.391
Vithin 8 0.002

2. SOURCE DF MS F
Mercury 1988
McKay:
Fillets, Remains 1 0.027 10.681
Bass, Bluegill 1 0.005 1.814
Tissue by Species 1 0.000 0.062

§ Vithin 16 0.003

.. SOURCE DF MS F
Dleldrin 1985 - - -
Vhole-Body:
Darby, Ladora, Mary 2 0.004 3.258
Bass, Bluegill 1 0.012 9.245
Lake by Species 2 0.001 1.103
Vithin 12

* DF 2 degrees of freedom
MS = mean Square?
F = one-way ANOVA results

fﬁ:} P significance of F
s P(XV) significance of Kruskal-¥Wallis results
04/11/89
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Table B.3-8, Statistical comparisons of spacies, lakes, and tissues.
tvo-way ANOVAs and nonparametric Kruskal-Vallls.*

P

0.071
0.069
0.121

i

0.005
0.197
0.807

i*o

0.052
0.009
0.269

Tests are

P(XV)

0.213
0.271
0.340

P(K¥)

0.006
0.293
0.859

P(KY)

0.138
0.013
0.609%



Table B.3-9. Statistical comparisons among lakes. Tests are parametric ANOVA,
t-tests, and nonparametric Kruskal-Vallis.*

- 1. Lakes: Ladora versus Derby versus Mary
o HMeans and sample sizes: 0.182(3) 0.054(3) 0.074(3)
SOURCE DF MS F P KW P(K¥)
Mercury 1986
Bass, Whole-body 2 0.014 5.355 0.046 5.241 0.073
) Vithin 6 0.003
i 2. Lakes: Derby versus McKay
i Means and sample sizes: 0.359(5) 0.152(5)
i
- SOURCE t P KV P(KV)
A Mercury 1988
e Bass, Fillets 3.122 0.014 5.771 0.016
- 3. Lakes: Derby versus McKay
. Means and sample sizes: 0.250(5) 0.084(5)
: SOURCE t P KV P(KV)
Mercury 1988
Bass, Remains 6.040 0.000 6.818 0.009

Source: MKE, 1988,

- * DF = degrees of freedonm
HS = mean square
F = one-vay AMOVA results
t = t-test results
4 = significance of F or t-test results
e kv = Kruskal-Vallils rasults
Qﬁi? P(XY¥) = significance of Kruskal-Vallis resul:s
04/11/89
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é;;& Table B.3-10. Statistical comparisons among species. Tests are parametric
h t-tests and nonparametric Kruskal-Vallis.*

1. Species: Bass versus Bluegill#*
Means and sample sizes: 0.294(5) 0.063(6)
SOURCE t P KV P(KV)
Mercury 1988 b
Vhole-body, Derby  7.304 0.000 7.639 0.00¢ 5
Vithin :
2. Spscies: Bags versus Bluegill %
Means and sample sizes: 0.375(5) 0.070(6) -
SOURCE, t P kY P(XV) =
Dieldrin 1988 £
Yhole-body, Derby  3.425 0.008 4.822 0.028 oE
Vithin |
3. Species: Bass versus Bluegill 5
Means and sample sizes: 0.032(3) 0.100(3) f
SOURCE t 3 RY P(XV)

Dieldrin 1986
Vhole-body, Ladora 2.509 0.066 3.857 0.050

Vithin :

Source: MKE, 1983.

degrees of freedom N

HS = mean square £

F = one-way ANOVA results : £

t = t-test rasults i

P = significance of F or t-test results T
s K¥ = Kruskal-Wallls results :
: T} P(KY) = significance of Xruskal-Vallis results

** In test No. 1, bass data are from five reconstructed vhole-body samples.

04/11/89




Table B.3-11. Statistical ccmparisons among tissue types. Tests are parametric
0 t-tests and nanparumetric Kruskal-Wallis.*

1. Tissues: Fillets versus Remains
Means and sample sizes: 0.152(5) 0.084(5)
SOURCE t P KV P(KW)
Mercury 1988
Bass, McKay 2.684 0.028 5.771 0.016
Vithin

2. Tissues: Fillets versus Whole-Bodies
Mears and sample sizes: 0.034(3) 0.088(6)
SOURCE t P kY P(EY)
Dieldrin 1986
Bluegill, Mary 1.886 0.101 2.483 0.115
Vithin

3. Tissues: Fillets versus Remains
Means and sample sizes: 0.218(5) 0.486(5)
SOURCE : t P RY P(XV)
Dieldrin 1988
Bass, Derby 1.849 0.102 2.455 0.117
Vithin

4, Tissues: Fillets versus Remains
Means and sample sizes: 0.188(3) 0.109(5)
SOURCE t P KV P(RV)
Mercury 1988
Bluegill, McKay 2.137 0.065 3.153 0.076
Vithin
Total

Source: MKE, 1983.

degrees of freedom

mean square

one-way ANOVA results

t-test results

significance of F or t-test results
Krusikal-Yallis results

significance of Kruskal-Wallis results
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3.2.1 DATA FROM 1986 AQUATIC STUDIES

Three separate analyses were perforzed on analyte data. Each analysis was
conducted separately for mercury and dleldrin. The results of each analysis
appear in Tables B.3-2, B8.3-3, and B.3-5, while the discussion of each table
follows and is based upon the nonparametric results. No significant
differences were found between onpost and control lakes or between specles

in the lakes for any of the contaminants which were analyzed.

3.2.2 DATA FROM 1988 AQUATIC STUDIES

Three separate analyses were performed on analyte data. EFEach analysls was
conducted separately for mercury., dieldrin, aldrin, and DDE. The results of
each analysts appear i{n Tables B.3-4, B.3-6, and 8.3-7, while the discusston

of each table follows and is based upon the nonparametric results.

Table B.3-6 presents the differences among comblnations of lakes (Derby
versus McKay) and t{ssues (remalns versus fillets), holding species (bass)

and year (1988) constant.

Mercury. The significant differences among the four trestment groups in the
preliminary KW i{s primarily caused by consistent significant differences
between Derby and McKXay lakes regardless of tissue type. HNo significant
difference between tissue types was detected when the lakes samples were

pooled.

Dieldrin. The sigznificant differences among treatment groups In the

preliminary XW ts primartly causad by consistent significant differences
betwren Derby and McXay lakes regardless of tissue type. No significant
difference betwsen tlssue types was datected when the lakes samples were

pooled.

DRE

The signifizant difference among treatment groups in the preliminary KW 1s
primartly caused by consistent stgnificant differences between Derby and
Mc¥ay lakes ruegardless of tissue type. HNo significant dlff{erence between

tissue types wss detectad when the lakes samples were pooled.
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Aldrin

The significant difference among treatment groups in the preliminary KW ls
primarily caused by a significant difference between Derby and McKay lakes
in sanples of remains. No significant differences occurred between lakes in

samples of flllets or between tissue types when lake samples were pooled.

Table B.3-7 presents the differences between lakes (Derby versus McKay)
holding specle- (bluegill), tissue (whole) and yesar (1988) constant. No

significant difference between lakes was detected for mercury, dieldrin, or

DDE.

Table B.3-4 presents the differences between tissues (remains versus

fillets) holding lake (McKay), specles (bluegill), and year (1988) constant.

Mercucy

Significance was approached for differences between tissues.

Dieldrin

No dlfference was detected between tlssues: all samples for both tissue

types were at the CRL.

DDE_and_Aldrin

No difference was detectad between tissues: all samples for both tissue

types were at the CRL.

3.3 CoUCLUSICNS

The wost important and informative comparisons from the point-of-vieuw of the
effects of contamination st RMA on the blota are those that involve
comparisons of sites In which at least one contaminated and one control lake
extst. MKE do rot provide these data for 1986. Two of the statistical
anaiyses (Tables B.3-6 and B.3-7) for 1988 do permtt evaluation of the
question as to whether biota In a contaminated lake (Derby) exhibit analyte

concentrations that are dlstingulshable {rom those {n a control lake.
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Nonetheless, sample sizes In both cases are small and real differences may
be missed because of low power. Moreover, comparisons that involved a
single control lake and a single onsite lake may represent false replication
in that "all other fesatures of the lakes are not equal,” making
interpretation of significance or nonsignificance difficult. Each of the
four (mercury, dieldrin, DDE, aldrin) contaminants exhibited highly
significant differences between RMA and control lakes for bass desplte small
sample sizes. None of the analytes exhibited significant differences
between control (N = 2) and RMA (N = 6) lakes for bluegill (whole tissue),
at least in part because of small samples. Additlional comment on tests or
comparisons that do not directly involve control and contaminated lakes are

not made herein.
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EXECUTIVE 2UMMARY

This report presents the results of an in-depth survey of all
available extant literature on the use by *“he Army of chemical
pesticides and herbicides for pest and vegetation control at Rocky
Mountain Arsenal between 1943 and 1987. The literaturs on this
subject while voluminous is fragmentary and/or non-existent in
strategic areas. This situation effectively precludes a
reconstruction of Army pest and vegetation control operations on
a site-specific basis. Meaningful quantification of historical
herbicide and pesticide usage is similarly impossible. In
conseguence, this report takes the form of an Arsenal-wide
narrative, chronicling to the extent possible the Army experience
in this area. The report covers only Army activities. The
requisite documents and records, necessary to a reconstruction of
the record of Shell Chemical Cc. and its predecessor, the Julius
Hyman Co., in the area of pest and vegetation control have as vet
not been released. Bibliographies of the extant literature on pest
and vegetation control activities and herbicide and pesticide usage

are presented on pages 38 to 66 and Appendix D.
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Use of Pesticidas and Harbicides
for the Control of Pasts and Vegstation at
Rocky Mountain Arsenal

Since 1943, the Army has conducted a series of ongoing
programs for the control of pests and vegetation at Rocky Mountain
Arsenal. Over the years, programmatic efforts have concentrated
on the removal of wezeds and vegetation from railroad tracks, canals
and creeks, the control of agquatic vegetation and mosguitoes in the
process water storage lakes and the eradication of various pests
inhabiting the general area of sites occupied by administrative and
living quarters, and production and storage facilities (Deputy,
1985; Donnelly, 1985; Green, 1985; Heim, 1985; Lynes, 1985; Wright,
1985; Donnelly, 1986; Mitchell, 1986, pp. 554~554). Integral to
the implementation of these programs for pest and vegetation
contrcl has been the extensive utilization of a wide variety of
chemical herbicides and pesticides. Available information suggests
that herbicides and pesticides were transported to the Arsenal in
bulk and mixed on-site to use-proportions in so-called "herbicide
and pesticide shops" (Mitchell, 1986, pp. 562-564). The usual
practice was to transfer bulk concentrate from a drum to a sprayer
tank. The desired sclution was then attained by adding either
water or kercsine (Lynes, 1985, pp. 79-81). At various times
during the active period of the Arsenal's history, Buildings 616,
627B and 643 were used for bulk storage of herbicides and pesti-
cides (USAEHA, 1979; Grodt, 1988; Donnelly, 1986; Mitchell, 1986,
p. 628). The first "herbicide and pesticide shop," Building 646,
was a temporary structure relocated from GB Plants Area in 1952
(RMA, 1952a; REMA, 1952c¢, p. 2; RMA, 1953a; Donaghe, 1980). By the
mid-1950s, Building 646 had been replaced by a permanent facility,
Building 544, constructed in 1953 (DOA, 1953; Parsons, 1957; COE,
1984; Mitchell, 1985, pp. 562-563). Building 544 was operated as
the designated "herbicide and pesticide shop" at the Arsenal until

3:10pm
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supplanted in the early 1980's by Building 742 (Mitchell, 1986, pp.
562-564). Apparently, little, if any relationship existed between
the Army's pest and vegetation control programs, and the herbicide
and pesticide manufacturing operations conducted by various lessees
of the Army between 1947 and 1982. The individual compounds were,
for the most part, different, and as well as can be determined, the
Army purchased its bulk herbicide and pesticide stocks from sources
off-site (Deputy, 1985; Donnelly, 1985; Green, 1985; Heim, 1985;
Lynes, 1985; Wright, 1985; Donnelly, 1986; Mitchell, 1986).
Regarding the pest and vegetation control activities conducted by
the various 1lessees, most notably, Julius Hyman & Co. and Shell

Chemical Co., in their respective leasehold areas, virtually

necthing is known.

In August 1943, the Army began treating the South Lakes with
crystalline copper sulfate (Blue Vitriol) toc control the growth of
algae. Row boats were used to spread tie chemical near the surface
of the water. The average dosage was between 2.5 and 3.0 pounds
of copper sulfate per million gallons of water. On September 30,
1943, three hundred pounds of copper sulfate were mixed in
Building 374 and allowed to flow through the baffle flume into Lake
Ladora. This methnd proved ineffective, and subsequent applica-
tions of copper sulfate in August 1944 and July 1945 followed the
surface treatment method described above (CWS, 1945).

On May 22, 1944, the Arsenal's industrial hygiene and
sanitation committee reccmmended spraying either Paris Green' or
©il on the seepage pond near Sixth Averue south of Derby Lake and
on the stagnant water holes on "E" Street between Sixth and Seventh
Avenues to prevent mosqguitces from breeding (Shaw et al., 1944).
In late Noveomber 1944, the Army began using rat poison and traps

1 . . . -
A poiscnous, bright jreaen powder, (Ct.O)JAsz Oa.Cu(CzHJOQ)z, used as an insecticide.
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to exterminate field mice and rats on the Arsenal (Holaday et al.,
1944).

As of April 20, 1945, for the purpose of eradicating flies,
mesquitoes and cther insects, DDT had been sprayed in various parts
of the Arsenal including the pyrotechnic incendiary branch, the
service branch, and the Building T-157 barracks. At this time, the
industrial hygiene committee of the Arsenal also recommended that
the post engineer responsible for the insecticide program apply DDT
in all barracks, cafeterias, dispensaries, and mess halls to
control bedbugs, cockroaches, and flies (Mnookin et al., 1945).

During May 1946, a large number of gnats and mosquitoes were
adversely affecting Army personnel working in the Toxic Storage
Yard in Section 6. 1In response, the industrial hygiene committee
recommended spraying DDT insecticide in the South Lakes area to
control mosquite and gnat breeding. In previous years, the
breeding of these insects had been sufficiently controlied by the
variation of water levels in the South Lakes (McLaughlin et al.,
1946a). By July 17, 1946, the Army had completed the spraying of
DDT on the screens of all the cafeterias, mess halls, and staff
houses on the Arsenal (McLaughlin et al., 1946b).

In late March 1947, the industrial hygiene committee recom-
mended that the post engineer spread oil all stagnant ponds,
particularly the seepage area west of Ladora Lake, to control flies
and mosquitoes (McLaughlin, 1947). On May 6, 1948, the post
surgeon directed the spraying of DDT insecticide on apartment and
house screens to decrease flies. The surgeon also indicated that
the land around these apartments would be sprayed with DDT to
control fleas (Harbaugh, 1948).

3:10pm
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Army usage of DDT at the Arsenal continued throughout the
decade of the 1950s and extended into the 1960s. Available records
suggest that on the average three 55-gallon drums of DDT were
purchased by the Army annually. During the mosgquito season, DDT
was sprayed around the South Lakes, connecting water and ditch

ways, and picnic areas approximately twice a week. A motor-driven .

fogger mounted on a two-wheel trailer was used to widen the area
of application, facilitating the spraying operation (Lynes, 1985,
p. 62; Mitchell, 1986, pp. 555-558).

In 1948, Julius Hyman and Company leased Buildings 633 and
633A located in the southeastern quarter of Section 4 of the
Arsenal. Hyman used these cstructures along with Building €333, a

]
4

Hyman-owned building, as a laboratory designed to test insecticides
on flies and other insects (Silber, 1948; Goodall, 1953; Atchley
and Kent, 1954; Silber, 19%4). 1In 1952, with the acquisition of
o Hyman's lease, Shell Chemical Company assumed occupancy of these E
; } buildings. Between 1953 and 1957, Shell Development Company, an
affiliated Shell company, used these buildings, also known as the
"bug 1lab,"™ for agricultural research and bioassay purposes
(Goodall, 1953; Shadle, 1953; Silber, 1¢55; Silker, 1957; Parsons,
1957; Mitchell, 1986, pp. 644-645). The extent of laboratory

1
)
i
|
ga:
£
£
#
b
;

o,

RSO NN

cperitions in these facilities is unknown. L

et

In January 1949, the post engineer prepared a land management gﬁ
plan to serve as a guide for the utilization and maintenance of all
lands at PRocky Mountain Arsenal. For the purposes of land
managemnent, the Arsenal was divided into three distinct areas. In
one of these areas, the plan specified the application of "weed i

control chemicals" to control wseds on bluegrass lawns.? Herbi-

2 . . . . .

The selected area covered 913 acres ard was cc=sicersd an intensi/# use area, It conrained the

agninistration ard manufacturing areas, shops and warehouses, officers' quarters, and the sewage treatment plant
{Unauthored, 1949).
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cides and soil sterilizing chemicals were to be used to control
vegetation along the Arsenal's railroad tracks (Unauthored, 1949).

Dburing the spring of 1950, the Army announced its intention
to use 2,4-D (2,4-dichlorophenoxyacetic acid) to control weeds at

3

the Arsenal. Pests were to be contreclled with Chlordane® insecti-

cide (Chemical Corps, 1950).

In July 1951, Julius Hyman and Company began treating Lake
Ladora to control the growth of algae. Hyman performed routine
maintenance work on the Arsenal's water system as part of its lease
obligations (Silber, 1953a). On August 18, 1953, Hyman informed
the Army that "chemical eradication" would be required to control
the heavy weed growth in Lake Ladora (Silber, 1953b). Several
years later. in July 1958, Shell Chemic.:1l Corporation notified the
Army that it nad "recently completed t eatment of the lower lake"
to control weeds and algae (Hughes, 1958). Shell continued to
treat and control aquatic vegetation in Lake Ladora until at least
1969 (Williams, 1964; Howard, 1969). Unfortunately, the types and
quantities of vegetation control of chemicals used by Hyman and
Shell during this period are unknown.

In 1952, the ,.rmy conducted an insecticide~rilling progranm
for the United States Forest Service. Two insecticides,
ethylenedibromide and orthodichlorobenzenes, were transported to
the Arsenal and stored temporarily. The insecticides were mixed
witn fuel o0il and an emulsifier, and placed in containers. By
December 31, 1952, the Army had shipped approximately 197,000
pounds of ethylenedibromide and 183,000 pounds of orthodichloroben-
zene off the Arsconal (RMA, 1952a; Smith, 1952; RMA, 1952b; RMA,
1952¢, p. 33).

3A highly chiorinated liquid insecticide, C M1,

3 em
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During the summer of 1954, the Army sprayed 750 acres of the
Arsenal with isopropyl ester of 2,4-D to control the growth of
Russian thistle, Salsola pertifer. Russian Thistle was a prickly

weed that grew along railroads, roadways, and fields throughout
the Arsenal (RMA, 1954; Shogren, 1977, p. 31).

In mid-1955, the Arsenal's maintenance division sprayed
approximately 500 acres with isopropyl ester of 2,4-D to control
Russian thistle and other noxious weeds. Later in the year, 200
acres were sprayed with isopropyl ester of 2,4-D,and 320 acres of
land were treated with sodium fluoracetate to reduce the prairie

dog population (RMA, 1955a; RMA, 1955b).

Between July and September 1956, the maintenance division
chemically treated 400 acres of land to control broad-leaf waeds.
Approximately 2,000 pounds of Ureabor was spread around various
Arsenal buildings to control vegetation. Ureabor, a nonselective
soil sterilant, was a combination of sodium borates, 3-p-chloro-
phenyl, and 1,1 dimethylurea. By the year's end, an additional
5,300 pounds of Ureabor had been spread in the North Plants area
and other sections of the Arsenal (RMA, 1956a; RMA, 1956b; Shogren,
1977, p. 34).

Early in 1957, the maintenance division applied 10,700 pounds
of Ureabor to various areas of the Arsenal for the purpose of
corntrolling vegetation. That spring, the railroad maintenance
branch spread 22,000 pounds of Ureabor along the Arsenal railroad
tracks. During the same period, the insect and rodent contrcl
branch fumigated one building with hydrogen cyanide (HCN), sprayed

reoes  and shrubbery, and spread 1,000 pounds of Ureabor Soil

r

b

Sterilant for wvegetation contrsl  (BMA,  1957a;  RMA,  1957h).,

"y

Through»ut the summer and fall of 1957, the Arnmy sprayed all treoes,

lawns, and shrukbery on the Arsenal to control insects and rodonts,

30
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Three acres of land were treated with Ureabor Soil Sterilant to
control vegetation (RMA, 1957c; RMA, 1957d). During this period,
the Army used various insecticides and rodenticides, including
Warfarin,® thallium sulfate, sodium fluoroacetate, Chlordane,

6

Dieldrin, DCT, lead arsenate, Bordeaux mixture,® HMalathion,® and

nicotine sulfate (USAEHL, 1957).

In 1958, the maintenance division sprayed lawns and trees on
the Arsenal to control insects, rodents, and predators. Ureabor
Soil Sterilant was applied to the storage pads in Section 31 and
forty-five additional acres of Arsenal land to control weed and
vegetation growth (RMA, 1958a; RMA, 1958b; RMA, 1958c; RMA, 1958d).

During 1959, the Army treated the "Open Storage Area' with
2,500 pounds of Ureabor Scil Sterilant. An unknown quantity of
Ureabor was applied to all active railroad trackage and areas
adjacent to the Arsenal's perimeter fence (RMA, 1959%a; RMA, 1959b;
RMA, 1959c). Insecticides in use at this time included Chlordane,
Lindane (1,2,3,4,5,6-hexachlorchbenzene), Malathion, and DDT

(Ledwell, 1959).

In early 1960, Army personnel sprecad 4,000 pounds of Ureabor
Soil Sterilant around sign posts, utility poles, and wareshouses.
Ureabor was also placed on standby railroad trackage. During the
spring, another 4,000 pounds of Ureabor were spread throughout the
installation (RMA, 1960a; RMA, 1960b). On July 11, 1960, Shell's
industrial hygienist contacted the Army about the possibility of

having the Shell leascd area sprayed for mosguitoes, Four days

4

A colorless crystaltire compound, (N 0., tsad 5 kitl rovdents
5 ;

A mixture of cocoper sulfate, Lime, arvd water, used as a furngicide amd 1osecticins

5 .
Trattewary {sr pn organic compourd, TR 000, used an an frurcticoe

300
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later, an Army representative tcoured Shell's leased facilities to
determine which areas needed to be sprayed. By July 20, 1960, the
Arsenal's insect and rodent control branch had sprayed the Shell
plant area, part of lLake Ladora, and the north sides of Upper and

Lower Derby Lakes (McGilvray, 1956-1972).

In the spring of 1961, the maintenance division sprayed for
insects and spread 10,000 pounds of Ureabor Soil Sterilant on
vegetation (RMA, 196la). On June 30, 1961, Shell requested the
Army to spray the Shell~-leased area for mosqguitces under terms of
a contract between Shell and the Army. Within three days, Arsenal
personnel had sprayed the acetylene area and other parts ol Shell's
leased facilities. The picnic area north of Lake Mary possibly was
sprayed in mid-July (Brisbane, 1961; McGilvray, 1956-1872; RMA,
1961b). Pesticides used by the Army in 1961 included Lindane,
Chlordane, Malathion, and DDT (Vining, 1961). During the last
three months of the year, the Army spread approximately $00 pounds
of Ureabor Soil Sterilant around various Arsenal buildings (RMA,

1961c) .

In early 1962, the maintenance division spread approximately
20,000 pounds of Ureabor Soil Sterilant around fences, sign posts,
and buildings in the South Plants. Ancther 12,000 pounds of
Ureabor were applind to active railroad trackage. The Army also
treated the western end of Lake Mary with scdium arsenite to
control aguatic vegetation (RMA, 1962a; RMA, 1962b). On June 22,
1962, Shell requested the Army to spray specific areas of Shell's
leased facilities for mosquitoes under terms of a contract between
Shell and the Army. As of July 10, 1w62, Arsenal perscnnel had
sprayed the acetylenes unit, the mustard area, and the open area
north of the bicyclohentadiene preduction unit (Brisbana, 13582:
McGillvray, 1956-1972). During the summer and iull, the Army

treated the eastern end of Lake Mary with sodium arscoite and

1010w
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spread 20,000 pounds of Ureabor Soil Sterilant (RMA, 1962c; RMA,
1962d). The Arsenal grounds were treated with an additional 20,000
pounds of Ureabor Soil Sterilant during the first half of 1963
(RMA, 1963).

On April 2, 1962, the Army established a special projects
division at the Arsenal to produce and store the biological agent
X’ (McNary, 1962; Whitledge, 1962). 1In early 1963, the special
projects division initiated TX field production operations. During
May and early June, approximately 650 acres of wheat were planted
in fields located in Sections 23, 24, 25, ‘ 4 26 (Bogan, 1963;
Unauthored, 1970).

The Army used various herbicides and pesticides during each
TX production season. Between May and August, 1964, the TX fields
were sprayed with approximately 450 pounds of 2,4-D to contrecl
grasses and two types of weeds, brcad-leaf and bindweed. One wheat
field in Section 24 was treated with approximately 30 pints of
Malathion to control the aphid and leaf nmite population (Asai,
1964; Flucke, 1964).

During the 1965 production season, Arsenal personnel sprayed
approximately 525 pounds of 2,4-D on the TX wheat fields to control
grasses, bindweed, broad-leaf weeds, and knapweed, Additional
quantities of 2,4,5-T (2,4,5-trichlorophenoxy acetic acid), Dowpon,
and 2,4-D were sprayed on <the ditches and perimeter of the
production site (Clevenger, 1965). In the summer of 1966, the Army
used a self-propelled sprayer to treat TX fields and 400 surround-
ing acres. At least 250 pounds of 2,4-D, and 500 pounds of

1X wae the military code nome for the urediotpores of Puccinin grsminis var, triticl, the causal agent
of whast stem rust (P&, 1973),

3:10¢m
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Malathion were sprayed on the TX fields that season to control

weeds and insects (Krenzer and Morkovsky, 1966).

The special projects division continued to use herbicides and
insecticides during the 1967 and 1968 TX production seasons. 1In
1968, approximately 370 pounds of 2,4-D were sprayed on 17 TX
fields to control the growth of broad-leaf weeds. An additional
51 gallons of Malathion were used tec control a light infestation
of grasshoppers and aphids throughout the TX production site

(Ammon, 196%; Young, 1967).

During the summer of 1968, the Army used chemical retardants
to control the growth of vegetation in Lake Mary. The lake may
have been treated twice with Diquat8 to control aguatic weeds.
Approximately one-half to three pounds of Karmex (Diuron)'9 wvere
used per surface acre to control filamentous algae growth. The
use of these herbicides helped release nutrients for the prcduction
of plankton, which improved fishing conditions in Lake Mary
(Bartschi, 1963; Unauthored, 1968).

During the summer months of 1970, the Army sprayed
insecticides throughout the Arsenal to control redents and insects,
The specific types and quantities of insecticides used that summer

are unknown (Gaon, 1970a; Gaon, 1970b; Gaon, 1870c).

On December 7, 1970, the Arsenal's director of facilities
requested command authorization to purchase and use approximately

five gallons of R-55'" Rodent Repellent. The repellant was neaded

8 .

A powerful norpersistent herbicide, C‘QN”B.‘;M?, usad to control water weeds.
3 : L

A persistent herbicide, CoH DI N0, used to control arvvial weeds,

10 s
Phiilips Petroleum Company's trademark ramwe for tertisry-butylsulfenyl dimsthyldithiocarbamats
(Derrelly, 19700, :

5:100m
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to protect underground control cables which linked a network of air
monitoring stations on the Arsenal's perimeter from being destroyed
by gophers. On December 14, 1970, the Army gave the Arsenal
permission to purchase and use the R-55 Rodent Repellent. No
information was found on the actual use of this material at Rocky
Mountain Arsenal (Donnelly, 1970a; Donnelly, 1970b; Grosskopf,
1970).

Between 1964 and 1969, the population of bullheads and
bluegills increaszed significantly in Lake dary. To eliminate an
over-abundance of these warm water fish which were inhibiting the
survival and growth of stocked trout, the lake was chemically
treated in 1970. The water level was lowered five to six feet,”
and a mixture of five gallons of S percent emulsifiable Rotenone
and 50 pounds of 20 percent Rotenones were applied to the remaining
water and sump areas on August 25, 1970. The treatment rid the
lake of hordes of bluegill, a large number of black bullheads,
approximately 200 rainbow trout, and a few largemcuth bass.
Subseguent sampling revealed a complete extermination of the
undesired fish species (Donnelly, 1974; Mullan, 1975a; Mullan,
1975b; Mullan, 1975c).

Green sunfish, which were present in the canal water that was
used to fill Lake Mary, entered the lake during refilling in 1970C.
The green sunfish population quickly matched the over-abundant
populations of the undesired fish species which had existed prior
to the treatment of the lake and presented similar undesirable

conditions for the survival and growth of stocked fish. This

nln period documents, Lake Hary wasz listed as a8 surface lake consisting of A main body of water
appreximately 100 feet wide by 400 feat {ong; and three firgers, sach sbout 150 feet wicde by 100 fent long.
The despast portion of the lake, locsted at the west end, covered an srea nearly 160 fret wide by 2C0 feet {ong,
averaging 6.5 faet cesn, with the dospest point being 9.5 fest, The depth of the remainder of the lake averaged
about four feet (Sanrelly, 1974; Mulinn, 1975¢). Durirg 1974-1975, the lake was stightly enlargsd arnd deepened
to an averzge depth of 15 feat (Myllan, 1975h; Mullan, 1975¢).
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undesirable expansion of green sunfish densities was exacerbated
by uncontrolled vegzatation and weeds in the lake. To inmprove these
conditions, the lake was drained in late August and early in

September of 1974. On September 12, 1974, an unspecified amount
of 5 percent emulsifiable Rotenone was applied to 38 acre-feet of
mud and water in the lake. Hordes of green sunfish, a few

largemouth, and approximately 200 channel catfish were killed. The
lake was later refilled (Donnelly, 1974; Mullan, 1975a; ®ullan,
1975b; Mullan, 1975¢).

While herbicide and pesticide usage by the Army at the Arsenal
continued in the 1270s and 1980s, the use of a number of herbicides
and pesticides was either eliminated or sharply curtailed. Army
Regulation 420-76, enacted on February 1, 1972, governed the use
and handling of pesticides and defined specific responsibilities.
This regulation required, inter alia, continued training and

appropriate certification of personnel to prevent contamination of

the environment. The regulation classified Aldrin, kenzene
hexachloride, Chlordane, DDT, Dieldrin, Endrin, Heptachlor,
Lindane, and Toxaphene as persistent pesticides and restricted
their use to essential purposes for which no reasonable substitutes
existed. All pesticide spills were reguired to be reported.
Pending establishment of federal guidelines, up to 50 gallons of
obsclete or deteriorated pesticides were allowed to be destroyed
by burning in a landfill which met state requirements. The
reporting of all pest control operations was also required (DOA,
1971).’2 During the same year, the United States Environmental
Protection Agency banned almost all uses of DDT because of its
persistence and its possible health hazards to people and 1ill

effect on wildlife (LBA, 1981).

12 . . .
For Rocky Mnountain Arsenal, meticulous record has boen fourd only for the period 1979 through 1985,
The data obtairad trom this racord are presentsd in Apoerdix AL
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In January 1973, the Army began a pesticide monitoring program
at 20 different Army installations in the United States to
determine the extent of pesticide occurrence in the installation
environment and to evaluate the hazards created, if any'(Kelly,
1973). Under this progranm, a number of soil and water samples were
taken in 1973 and 1974 from Qdifferent aresas of Rocky Mountain
Arsenal, including Section 25, First Creek, Lake Mary, and the
sewage oxidation pond. Although ccmplete records are not avail-
able, at least seven samples contained detectable quantities of
pesticide residues and heavy metals. However, the residual levels
were determined to be within expected values, consistent with
residue levels resulting from "normal" pest control activities, and
within permissible levels allowed by the United States Environ-
mental Protection Agency for public water supplies. Another four
samples showed residual levels of pesticides higher than those
expected as a result of "normal"” pest control activities. These
higher levels were considered reasonable in view of pesticide-
manufacturing operations at the Arsenal by lessees of the Army
(Cordo, 1973; Cordo, 1974; Johnston, 1974; Larsen, l1974a:; Larsen,
1974b; Larsen, 1974c: Larsen, 1974d; Larsen, 1974e). Table I in
Appendix C summarizes the available data relating to the pesticide

monitoring program.

By October 1975, the Army was expediting its efforts to ensure
the effectiveness and efficiency of the pest management progran at
the Arsenal. A number of pest management program surveys were
conducted in the succeeding years. The overall purpose of these
surveys was to provide technical guidance and to evaluate the pest
management precgram from a variety of perspectives, including the
medical and economic aspects of pest control, requirements for
pollution abaterent, available resources, and the adequacy and

goals of the prcgram. The use of herbicides was also monitored

3:10em
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during these surveys (Hastriter and McLaurin, 1976; confexr Farlow,
1984).

The initial pest management program survey was conducted
between October 6 and October 9, 1975. The ensuing report of
survey results noted that the areal expanse of that portion of the
Arsenal where pest control services were applied totalled 17,500
acres, including 1,536,000 sguare feet of building space.
Cockroach control in food service areas was accomplished using
Baygon 1.5 Enmulsifiable Insecticide applied as a 1.1 percent
emulsion on a monthly basis in warehouses (Buildings 331 and 332),
clubs (Buildings 151 and 383), and a dining facility (Buiiding
166). Cockroach control in nonfood areas of these facilities was
accomplished using a 47.5 percent solution of Diazinon applied as
a 0.5 percent emulsion on a monthly basis. Control in all other
areas of the Arsenal was handied on an as-needed basis upon
request. Mosquito control consisted of the application of a
solution of two ounces of 57 percent Malathion enulsifiable
concentrate per gallon of water twice weekly during the breeding
season. Moth control had been attempted using Baygon and Malath-
ioen. Mice control was effected by placing brown paper bags, at
intervals of eight to 12 feet, containing four ounces of ready-mix
bait each. Also under the control of pest control personnel,
herbicide operaticns required only two herbicides, Bromacil-borate
Mixture and 2,4-D. A vegetation space sprayer was used for 2,4-D
applications, whereas a granular spreader mounted on a railroad car
was used for dispensing the Bromacil along railrecad right-of-ways
(Hastriter and Mclaurin, 1976). Table I of Appendix B lists
herbicides and pesticides being stored at the Arsenal at the time

of the survey.

The October 1975 survey report cited a number of deficiencies

in pest control cperations and practice. Bulk pesticides were
3:1Cpm
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stored in an outdoor storage shed which also housed tractors,

dispersal equipment, and mowing machinery. Adjacent to and part
of the Building 544 herbicide- and pesticide-mixing shop, this
storage shed was provided with a dirt floor enclosed on all sides.

The dirt floor appeared to be saturated with pesticides. Empty
pesticide containars were punched and disposed of in the sanitary
landfill.”™ pesticides were being used without honoring labeling

instructions (Hastriter and McLaurin, 1976).

In Octcber 1975, pest control equipment on hand at the Arsenal
included a two-gallon hand sprayer, a 100-gallon-capacity turbine,
an insecticide applicator, a chemical dispersal unit, and a "towed-
type" vegetation space sprayer. The equipment required periodic
replenishments of pesticide solutions. Normally, water was added
to the unused, excess, or residue solution, and the resulting
diluted solution, or "rinse water," was disposed of by spraying or
pouring it onto the ground at or near the application site. The
possibility of environmental contamination as a result of these
operations was considered minimal, since the quantity of pesticide
remaining in the rinse water was less than the concentration which
was originally sprayed (Hastriter and McLaurin, 1976; Mack, 1985b).
No wastewater was generated during the pesticide-mixing process at
the Building 544 herbicide and pesticide shop (Lynes, 1985, pp.
79-81). The 1975 survey report recommended contacting the United
States Environmental Protection Agency for the approval of this
and other suggested methods of disposal (Hastriter and MclLaurin,
1976) .

In addition, the report emphasized the need for changes that

the Arsenal's pest management program in pesticide practices

13 . . . . . . .
The Arseral's sanitary landfill is located in south-central Section 30, designated as Site 30-4
(Ebasco, 1987).
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storage and mixing operations (Hastriter and Mclaurin, 1976).
Subsequent follow-up pest management program surveys wers to follow

the 1975 pest management program survey.

Between 1975 and 1978, the Army implemented a consolidated
pesticide sampling program as part of a scheduled seven-year
monitoring study of the presence of pesticides at a number of Army
installations. Soil and sediment samples were collected from
unspecified Army installations'™ and analyzed for Chlordane and
associated compounds, including Technical Chlordane, oxychlordane,
cis-Chlordane, trans-Chlordane, heptachlor, heptachlor expoxide;
DDT and its derivative compounds, o,pFDDT, p—p;DDT, o,p;DDE, and
p—p?DDE: the cyclodiene group, including Aldrin, Dieldrin, and
Endrin; the organophosphate group, including Malathion, Chlor-
pyrifos, Diazinon, Parathion, and Ronnel; and benzene hexachloride

(BHC) and Lindane {McDermott, 1981).

This pesticide monitoring study concluded.that the highest
concentrations of pesticides at Army installations using pesticides
normally were found in pesticide shop and storage areas, followed
by sewage treatment, landfill, and residential areas. Sediment
samples had the lowest corcentrations of pesticides in the same
context. By offering a comparison of one-time installation
sampling with the interinstallation, multi-year sampling which
revealed "normal" ccncentration levels, this study also provided
a basis for the identification of potential "problem” areas. The
mean transformed totals, by land use area for 1975-1978, determined
by the study were as follows: sediment, less than 0.13 part per
million; residential areas, between 0.25 and 0.5 part per million;

MRocky Mountain Arsenal may have particinatad in the samoling, since during the subject pericd at lenst
two pesticide monitoring surveys were corducted at thz Arsenal by the United States €nvircrmental Nygispe
Agency, the overseer of the four-year sawpling progrem, The first monitoring survey took place b2tueen July
14 and 18, 1975, and the second betwaen March 29 and April 2, 19746, The results wera apparently not reported
independently of the multi-year study (Johnston, 1975; Jochnston, 197%a; Johnston, 1976b).
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shop and storage areas, between 2.5 and 3.5 parts per million; and
other selected areas, between 0.75 and 0.53 part per million
(McDermott, 1981). Table II of Appendix C summarizes the "normal"
pesticide and herbicide concentration levels in soil and sediment
samples taken from selected Army installations where herbicides and
pesticides are known to have been used for pest and vegetation

control.

Between 1975 and 1978, the Army conducted a study to evaluate
the distribution of pesticides in the soil and biota of the
environment of Rocky Mountain Arsenal, on the basis of a compara-
tive analysis of samples collected from the Arsenal and 33 other
installations in 1975. Table III in Appendix C gives the number
of pesticides, means, and concentrations for all pesticides
detected in the Arsenal's substrates in the course of this study.
The study indicated that under "good" pest practices, pesticide

concentrations in various environmental media rarely would exceed

the following levels: 5.0 parts per million (ppm) in soil, 0.1 ppm
in sediment, and 1.0 ppm in fish and birds. Using these criteria,
the study concluded that the Arsenal's pesticide shop and pesticide
storage areas, sewage disposal plant, recreational areas, and
impoundments had excessive levels of pesticide concentrations. 1In
general, environmental contamination by pesticides appeared to be
in excess of that which would be expected to result from recognized
pest management practices. However, the study made no effort to
identify other potential sources of pesticide contamination, i.e.,
pesticide production activities conducted by lessees of the Army
(0lds et al., 1978). Table IV in Appendix C summarizes the
pertinent findings and conclusions of the study.

In July of 1975, the Center for Disease Control of the U.S.
Department of Health, Education and WwWelfare at Fort Collins,

Colorado identified the plague bacillus (Yersina pestis) in fleas

9:47pm
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collected from the burrows of black-tailed prairie dogs in a colony
at Rocky Mountain Arsenal. Based on the increased incidence of
plague in Colorado, both the Center for Disease Control and the
Colorado Department of Health recoumended that flea control
measures be instituted immediately in prairie dog towns adjacent
to areas frequented by humans at Rocky Mountain Arsenal (Phillips,
1976). As a further precautionary measure, the Army decided in
August 1976 to eliminsate all potentially infected prarie dogs in
these areas (Johnston, 1976).

Approximately 1,000 acres of land infested with prairie dogs
were identified and quarantined pending the implementation of
control measures to reduce flea indices to less than 0.3 per burrow
(Phillips, 1576). To achieve the necessary objective, the affected
acreage in Sections 2, 3, 9, 22, 25, 26, 28, 31, 33, 35 and 36 was
first dusted with approximately 2,1C0 pounds of flea control
registered 10 percent Sevin (Carbaryl) and 1,100 pounds of non-flea
control Sevin (Carbaryl) (Phillips, 1976; Fairbanks and Pelle, 1976;
Johnston, 1976c; Byrne, 1976). Subsequently, an estimated 200
pounds of 2 percent zinc phosphide bait was applied at a lethal
dose rate of 4 grams per burrow. The control measures implemented
resulted in the elimination of approximately 6,000 prairie dogs

(Johnston, 1976c; Turner, 1976).

In 1977, the Army revised the land management plan for Rocky
Mountain Arsenal. Overall, the revised plan aimed to effect an
updated coordination of all 1land use and grounds maintenance
activities at the Arsenal. Subsection program provisions detailed
approved methods for the control of insects and weed growth and the

maintenance of shrubs and trees (Shogren, 1977).

Soil sterilants were used to keep ammunition storage magazines

free from all plant growth. Additional control measures wersz
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directed at the Russian thistle, which dominated at the edges cof
cultivated fields, along railrocad tracks and roadways, and in
unused fields. A solution of 2,4-D was used to keep this weed in
check. The areas around storage tanks, security fance lines, and
railrecad rights of way were all treated with Ureabor, a granular,
nonselective soil sterilant. Power poles and substations were
treated in the same manner (Shogren, 1%$77). Trees, shrubs, and
evergreens surrounding the administration quarters were sprayead
with organic phosphates to control chewing insects. Malathion was
usad to control sucking insects in this area, and spraying cccurred
on a weekly basis, or when necessary. According to the maintenance
plan, one quart of 57 percent Malathion emulsifying concentrate was
mixed with 100 gallons of water and sprayed as a wet spray. A
J-percent Malathion emulsion was used for residual applications
(Shogren, 1977).

In late 1977, the Army was storing approximately two tons of
DDT for the Colorado Department of Health in Building 643 on the
Arsenal. On April 4, 1978, the Army transferred the supply cof DDT
off the Arsenal to Buckley Air National Guard Base (Emerson, 1978a:
Emerson, 1978b; Rodger, 1977b).

In 1979, the Army conducted an installation pest management
program review at the Arsenal. The resulting report disclosed the
following information. A 1l4-gallon metal drum containing 85
percent Naled was stored in the shed adjacent to Building 544. In
addition, 10 gallons of an unidentified pesticide remained stored
in a 55-gallon metal drum in the storage shed. No disposition of
this substance was possible until it had been accurately iden-

tified. Four S-gallon drums of Ded-Weed'® remained stored at the

13 : L Co
Dead-Weed is 8 herbicide corcistirg of & mixture of 2.6,%5,-7 and 2,6-D. 11 was marviastured by the
Thompson Kayward Chemical Company.
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Arsenal, pending plans for final disposition following the

Environmental Protection Agency's suspension of the use of 2,4,5-T
in February 1979. Finally, the report noted that bulk guantities
of pesticides were stored in Buildings 616 and 618. These
buildings were the supply division warehouses, and contained in
excess 500 gallons of unidentified pesticides (Grodt, 1979).

The 1979 installation pest management program report contained
a discussion of pest control programs that were currently in
operation. Action was being taken to control the rodent popula-
tion. Anticoagulant poison was used to bait ‘rodent feeding
stations along interior walls in Building 362. This same control
method was used in Building 333 (Grodt, 1979%9). Mosquito surveil-
lance had begun on August 1, 1978. The old barracks arsa and
Building 383 were targets of this investigation. Adult mosquitcos
were sprayed with 3~ and 5- percent concentrations of Malathion,
57 percent EC. HMosguito larvae were also treated with Halathion

at a rate of approximately 13 fluid ounces per acre {(Grodt, 1979).

Following the pest management program review, tha Arsenal
adopted a number of the recommendations contained in the report.
The drum of Naled was tu he repackaged for storage in accordance
with the appropriate regulations, Malathion was to be applied in
accordance with label directions and Environmental Protection
Agency regulations. Pending the construction of a new pest control
shop, pesticide rinse water was to be disposed by spraying over a

large outdoor area (Hack, 1979).

Another pest management pregram roview was conducted in early
1980. By this time, the ceonstruction of a now pest control shop
replacing Puilding 544 had been completed in Building 742, ihao
stored

progran review report potad the following: 1} Pesticidez

prior *o disposal by the supply division in Buildinaos 615 and 642
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for the most part containad 2,4-D and 2,4-D - 2,4,5-T; 2) The 14~
gallon drum containing 85 percent Naled in need of repackaging was
being stored in Building 742; and 3) 12 four-pound containers of
Wilco Ground Squirrel Bait, use of which was not pernitted in
Colorado, were being stored in Building 643. It was hoped that the
substance could be returned to the manufacturer or transferred to

California, where its use was permitted (Grodt, 1980).

During 1980, a new mosguito control pregram was inmplemented
at the Arsenal. This program was run jointly by Rocky Mountain
Arsenal and the City of Denver, Department of Public Health. As
a result of this program, adult mosquitoes in areas of vegetation
were controlled with a mixture of 2-percent solution of Malathion
and 0.12 percent Carbaryl. A 2-percent solution of Malathion was
applied to standing water to control larval mosquito development
(Grodt, 1980).

In 1981, a further pes% managerent program review was
condiicted at the Arsenal. The metal drum containing Naled
menticned in the previous review was still present and was beling
stored in Building 643 (Grodt, 1981). The program review noted
tha additional problem presented by twenty-two 55-gallon drums
containing DDT. These drums were stored in Building 616 pending
firnal disposition by the Army's defense property disposal office.
1t was recommended that theose drums be transferred %o Building 643
and stored in accordance with Environmental Protection Agency
reqgulations (Grodt, 1981). In September 1981, the defense property
disposal office received all records relating to ths stored DDT.
On September 18, it reported that the DDT had been seld and that
the defernse property disposal office was awalting Environmental
Protection Agency clearance to remove the DDT from storage in
Building 616 (Heim, 1981).

300
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Kw} The mosgquito control program, run jointly by the Arsenal and
the City of Denver Department of Health, continued in 1981. A
mixture of 2 percent Malathion and 0.12 percent Carbaryl was
sprayed on vegetation to eliminate adult mosquitoes. A 2~percent

- solution of Halathion was applied to standing water fcr 1larval

mosquito control (Grodt, 1S81).

The use of herbicides and pesticides was reported by Arsenal
personnel on a monthly basis in compliance with Army requirements
derived from the 1972 regulation governing the use of herbicides
and pesticides. Unfortunately, available records enable the
reconstruction of a comprehensive record only for the pericd 1979
through 1985. During March 1979, Diazinon was used as a residual
treatment in residential and warehouse areas to control cockroaches
and spiders. Anticoagulants were used to control rodents in some
industrial areas. Pyrethrum was used in some warshouse areas to
control food pests, and Bromacil-borate Mixture was used in open

oy

%m> areas with underbrush for all vegetation (Marlow, 197%a).

In April 1979, Diazinon and Bromacil-borate Mixture were used
in the pest contrcl program. Diazincn was used in residual
treatments of cockroaches for 2,000 square feet of warehouse space.

Bromacil-~borate Mixture was used as a sterilant for vegetation on

four acres of open field (Marlow, 1979b). During May, mosgquitoes
were treated with Malathion, and food pasts were controlled with
Pyrethrum, Diazinon was used in the warehouse areas for other

insects (Sutherland, 1979). 1In June, mosquitoes in various parts
’ of the Arsenal were treated with Carbaryl or Malathion. Bromacil-
borate Mixture, Dursban, Timec, and Pyrethrun were also used during

this month (Marlow, 1979c).

Carbaryl, Malathion, and Pyrethrum were used during July 1579,

These substances were used to conivol mesquitoes and ants in open,

t 3100
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grassy fields and in the warehouse area (Marlow, 1975d). In
August, Carbaryl was used at food handling buildings to control
ants (Marlow, 1979%e).

In September 1979, anticoacsulants were used on mice in over
57,000 square feet of warehouss space, 230,000 square feet of
industrial space, and 6,000 square feet of office areas and/or food
handling areas. In addition, 610,000 cubic feet of warshouse space
were treated with Pyrethrum and 9,000 square feet were treated with
Diazinon (Marlow, 1979f).

In October 1979, another 610,000 cubic feet of warshouse space
were treated with Pyrethrum. Diazinon was used in 11,000 sguare
feet of warehouse space as well. Anticoagulants were spread over
33,000 square feet of office and industrial space. Finally,
Bromacil-borate Mixture was used on eight acres of open, grassy
fields to control all vegetation (Marlow, 1979q).

Anticoagulants were used in November and December 1979, to
control mice in 27,000 square feet of industrial space and 3,000
square feet of office space. Bromacil-borate Mixture was spread
over 12 acres of grassy, open field to control all vegetation
{(Marlcw 1979h; Marlow, 1980a).

From January through April 1980, anticcagulants to control
mice were used cn 90,000 square feet of warehouse space and 12,000
square feet of industrial area. Diazinon was used on 8,000 square
feett of warehouse area and 1,000 square feet of food-handling
space. In addition, Bromacil-borate Mixture was used to control
all vegetation on an acre of open, grassy field during January,
February, and March. During Harch 1980, 2,000 square feet of
cffice space were treated with Carbaryl, and 610,000 cubic feet of

3:1Cpem
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warehouse area were treated with Pyrethrum to control food pests
(Marlow, 1980b; Marlow, 1980c; Marlow, 1980d; Marlow, 1980e).

In June 1980, anticoagulants were used to control mice in
37,000 square fee: of warehouse space and 12,000 square feet of
industrial area. larbaryl was spread over 15 acres of open, grassy
field to control nosquitoes and five acres of the same terrain to
eliminate leaf-cha:wing insects. Warehouse areas totaling 4,000
square fezet wera sprayed with Diazinon as were 2,000 sguare feet
of residential area. In addition, Diquat was sprayed, by hand,
over eight acres of a surface impoundment to control aquatic weeds.
Malathion was spread over open, grassy fields totaling 125 acres
to control mosquitoes and culicoids. Finally, four acres of
surface inpoundment weres treated for mosquitoes with Naled, and
zinc phosphite was used on four acres of open, grassy field to

control prairie dogs (Marlow, 1980f).

During July 1980, mice were controlled by placing anti-
coagulants in bait covering 18,000 square feet of warehouse space.
Also, Carbaryl was used to combat leaf~chewing insects on two acres
of open, grassy field, and Diazinon was used to treat 2,000 square
feet of warehouse space and 2,000 sguare feet of residentisl area.
Malathion was used to control culicoids on 177 acres of open,
grassy field. The herbicide Borate-2,4-D was used on five acres

of similar terrain (Marlow, 1%$80qg).

In August 1980, anticoagulants again were used to combat nice
in 48,000 sqguare faet of industrial aresa and 3,000 square feet of
office space. Herbacweous, broad-leaf waeds were controlled on
three acres of open, grassy field through the use of Borate-2,4-D.
Malathion was spread over thirty-five acres of the same terrain to
eliminate culicoids, and Bromacil-borate Mixture was apread over

one acra2 to control all vegetation (Suthorland, 1989).
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During September 1980, Diquat was employed to control aguatic
weeds in a ten-acre area of A warehouse area totaling 2,000 square
feet was treated with Diazinon to eliminate foocd pests. Finally,
54,000 sguare feet of warehouse area and 45,000 sguare feet of
industrial area were treated with anticoagulants used in bait for
mice (Marlow, 1980h). '

In October 1980, warshouse areas totaling 1,280,000 cubic feet
were fumigated with Pyrethrum to eliminate food pests. Cockroaches
were contrclled with Diazinon in 2,000 square feet of both
industrial and warshouse areas. Bromacil-borate Mixture was
sprayed over seven acres of open, grassy field to control all
vegetation. Finally, Borate-2,4-D was sprayed over 34 acres of
similar terrain to eliminate herbaceous, broad-leaf weeds, and

Diquat was used against aquatic weeds (Marlow, 1930i).

In November 1980, anticoagulants in mice bait were used in
102,000 square feet of industrial space, 99,000 square feet of
warehouse area, and 3,000 square feet of bcth office and food-
handling areas. In December, 45,000 sqguare feet of industrial
areas and 12,000 sguare feet of warehouse areas were treated. In
addition, vegetation was controlled in open, grassy fields with
Bromacil-borate Mixture. During each month, three acres were
treated. Finally, Diazinon was used to eliminate spiders in 7,000

square feet of warehouse space (Marlow, 19803j; Marlow, 1981a).

In February 1981, anticoagulants were used on 84,000 sguare
feet of warehouse space and 42,000 sguare feet of industrial area.
Vegetation on ona acre of open, grassy field was controlled with
Bromacil-borate Mixture, and Diazinon was used to treat 9,000
square feet of warehouse space and 1,000 square feet of industrial

area (Marlow, 1931b). No activity was reported during March, and
there were only limited projects during April. In this month,
3:1%cm
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vegetation on eight acres of open, grassy fields was controlled
with Bromacil-borate Mixture, and grassy weeds were controlled on
three acres of the sarme terrain using DCPA (2,3,5,6-tetrachloro-
terephthalic acid). Finally, 6,000 square feet of warehouse space
were treated with Diazinon (Marlow, 1S58ic).

During May 1981, twelve acres of open, grassy terrain were
treated with Carbaryl and Malathion to eliminate mosgquitoes.
Diazinon was used on 1,000 square feet of residential area, 8,000
square feet of warehouse area, 3,000 sqguare feet of industriail
area, and one acre of open, grassy field. Anticoagulants in mice
bait were placed on 3,000 square feet of residential spacs, and
610,000 cubic feet of warehousa space were sprayed with Pryesthrum.
Finally, Borate~2,4~D was spread over one acre of open, Jgrassy

field to control broad-leaf weeds (Marlow, 1981d).

_During June 1981, anticoagulants were used again in mice bait.
Warehouse areas totaling 105,000 sguare feet were treated in this
manner. Also, Carbaryl and Malathion were used on 48 acres of
open, grassy field to control leaf-chewing insects and culicoids.
Diazinon was used on 2,000 square feet of office space, and
warehouse space totaling 5,000 sgquare feet. Finally, 640,000 cubic
feet of office space were sprayed with Pyrethrum to control moths,
and Borate-2,4-D was used to control broad-leaf weeds on seven

acres of open, grassy field (Marlow, 1981e).

In July 1981, 15,000 square feet were treated for mice with
anticoagulants. Carbaryl, to combat leaf-chewing insects, and
Malathion, to get rid of culicoids, were spread over 36 acres of
open, grassy field. The herbicide Borate-2,4-D was spread on three
acras of similar terrain, and Diazinon was used on 12,000 sguare
feet of warehouse space. Finally, Diguat was used to combat

agquatic weeds on the surface impoundment, and 1,240,000 cubic feet
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of warehouse area were treated with Pyrethrum to control food pests
({Marlow, 1981f).

Pest control activities during August and September were
similar. During these two months, mice wers controlled with
anticoagulants in 79,000 square feet of industrial space and 9,000
square feet of office space. Diazinon was used against ants,
cockroaches, and spiders in 7,000 square feet of warehouse area,
2,000 sguare feet of office area, and 2,000 square feet of
industrial space. Finally, in September, Pyrethrum was used on
640,000 cubic feet of warshouse space to control food pests
(Marlow, 1981g; Marlow, 1981h).

During October 1981, anticoagulants were used to eliminate
mice in 21,000 square feet of industrial area and 90,000 square
feet of warehouse space. Calcium cyanide was spread over 25 acres
of open, grassy field to control prairie dogs. Three acres of
similar terrain were treated with 2,4-D to control broad-leaf
weeds. Also, Carbaryl and Malathion were applied to an additional
four acres to combat culicoids. Finally, Diazinon was used on
warehouse space totaling 8,000 squarwe feet and 1,000 square feet
of residential area (Marlow, 19811i).

In November 1981, 120,000 sguare fest of industrial area and
45,000 square feet of wareshouse space were treated with anticoagu-
lants. Mice were controlled on 31,000 sguare feet of open, grassy
field, 21,000 square feet of warshouse space, and 15,000 square
feet of industrial space with the same substance in the following
month. Bromacil-borate Mixture was used on four acres of open,
grassy field to control all vegetation. Calcium cyanide was used
on 33 acres of the same terrain to combat prairie dogs. Finally,
Diazinon was used to control spiders in warshouse areas totaling
24,000 sguare feet (Marlow, 19813j; Marlow, 1281k).
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Between January and May 1982, pest control activities were
directed primarily at mice and spidexs. Anticoagulants were used
to control mice on 225,000 sguare feet of warehouse space, 51,000
sguare feet of industrial area, 9,000 square feet in food-handling
buildings, and 30 acres of open, grassy fields. Spiders were
controlled with Diazinon in 48,000 square feet of warehouse space,
2,000 square feet of food handling space, and 2,000 sguare feet of
residential area. In addition to these projects, Bromacil-borate
Mixture was spread over nine acres of open, grassy field to control
all vegetation. Also, Diazinon, was used to combat ants on 2,000
sgrlare feet of both industrial and food~handling areas (Marlow,

1982a; Marlow, 1982b; Marlow, 1982c; Marlow, 1982d).

During June 1982, food pests were spray:d with Pyrethrum in
a warehouse area encompassing 90,000 cubic feet. Various insects
were treated with Diazinon in 19,000 square feet of warehouse
space, 3,000 square feet of industrial space, and 2,000 square feet
in food-handling buildings, residential areas, and office space.
Malathion and Carbaryl were used on 11 acres of open, grassy fields
to combat culicoids and on cne acre to combat mice. HMalathion was
also used on 10 acres of surface impoundﬁent against mosguitoes.
Finally, calcium cyanide was used to control prairie degs on four

acres of open, grassy field (Marlow, 1982e).

During July 1982, Roundup, an uncombined herbicide, was spread
over three acres and 12,000 square feet of open, grassy field to
combat grassy weeds. Anticoagulants were used on 6,000 sguare feat
of both industrial and residential areas. Two acres of open,
grassy fields ware treated with Malathicn and Carbaryl to eliminate
culicoids. One acre of similar terrain was sprayed with Bromacil~-
borate Mixture to control all vegetation. Also, aguatic weeds in
eight acres of the surface impoundment were treated with Digquat.
Finally, Pyrethrum was used on 132,000 cubic feet of warshouse

3:10pm
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space, and Diazinon was used on 4,000 square feet of warehouse

space (Marlow, 1982f).

No pest control reports have been located for August through
Novembear 1982. However, a command health report for November
states that pest control activities during that month emphasized
weed control, mice baiting, and spider and cockroach control
through the use of Diazinon (lLewis, 1982). In December,
anticoagulants were used to control mice in 9,000 square feet of
industrial areas and 12,000 square feet of warehouse space. Also,
Diazinon was used on 17,000 sqgquare feet of warehouse space to

eliminate spiders (Marlow, 1983a).

During January 1983, 18,000 square feet of warehouse space
were treated with anticoagulants, and Diazinon was used on 5,000
sguare feet of warehouse space to control spiders and termites
(Marlow, 1983b; Smith, 1983). During the next two months, morz
pesticide use was reported. 1In February, 148,000 square feet of
industrial space and 33,000 sguare feet of warehouse space were
treated with anticoagulants. Diazinon was used on 14,000 square
feet of warehouse area and 1,000 sqguare feet in food-handling
buildings. Vegetation on two acres of open, grassy fields was
treated with Bromacil~-borate Mixture, and zinc phosphide was used
on three acres to control prairie dogs (Unauthored, 1983). During
March, Diazinon was used on 3,000 square feet of warehouse space.
Mice were controlled with anticoagulants spread throughout 42,000
square feet of industrial space and 3,000 square feet of warehouse
area. Strychnine was also used to eradicate mice over a four-acre

plot of open, grassy field {Marlow, 1983c).

In April 1983, strychnine and anticcagulants again were used
to control nice. Strychnine was applied to three acres, and

anticoagulants were applied to 15 acres of open, grassy fields.

3:1Com
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Anticoaqulants were also applied to 15,000 sguare feet of in-
dustrial space and 66,000 square feet of warehouse space. Diazinon
was used to control ants within 1,000 square feet of industrial
areas. Finally, five acres of land were treated with =zinc

phosphide to control prairie dogs, and Bromacil-borate Mixture was
used to control all vegetation on one acre of open, grassy field

(Marlow, 1983d).

During May 1983, two plus acres of open field were treated
with Diquat to reduce grassy weeds. Herbicide 2,4-D was applied to
39 acres of similar terrain to eliminate broad-leafed weeds.
Malathion and Phostoxin'® were spread on four acres of land to
control culicoids and prairie dogs, respectively. Diazinon use
during this period included treatment of 16,000 square feet of
warehouse space and 1,000 square feet each in industrial areas and
food-handling areas. Finally, Pyrethrum was used in warehouse
areas, and anticoagulants were used in 3,000 square feet of

industrial space to control mice (Marlow, 1983e).

In June 1983, anticoagulants were used to eliminate mice in

6,000 sguare feet of residential areas and 8,000 square feet of

warehouse space. Diazinon was used in 15,000 square feet of
warehouse space, 1,000 square feet of food-handling areas, and 14
acres of open, grassy fields. In addition, one acre of land was

treated with aluminum phosphide to control prairie degs, Bromacil-
borate Mixture was used on three acres to control all vegetation,
Malathion was used on seven acres, and Diguat was spread over five
acres to controcl dgrassy weeds. Finally, 30 acres of similar

terrain were treated with 2,4-D to eradicate broad-leaf weeds

(Marlow, 1983f).

BA rodenticide. procduced by Degesch America Incorporated, Weyers Cave, Virginia, conmsistirg of 55

percent alumirum phosphide ard irert substances for the remainder (Mack, 1683a; Polchow, 1932). Approval to
use Phostoxin was issued cn August 8, 1933 (HMarten, 1933).
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During July, the Army emphasized the treatment of open grassy
fields on the Arsenal. Ten acres were treated with Mzliathion, 24
acres were treated with Borate-2,4-D, and six 2cres were treated
with Diquat. 1In addition, Carbaryl was used on 20 acres to control
leaf-chewing insects, Phostoxin was used on five acres for prairie
dogs, and Bromacil-borate Mixture was sprayed on two acres to
control vegetation. Other pest control activities included the
applicatior of Diazinon in warehouse areas totaling 13,000 square
feet. Another 63,000 square feet were treated with anticoagulants,
and 230,000 cubic feet of warehouse space were treated with
Pyrethrum to control food pests (Marlow, 1983g).

In August 1983, mice were eradicated by using anticoagulants
in warehouse areas encompassing 33,000 square feet. Pyrethrum was
used to kill cockroaches in 435,000 cubic feet of warehcuse space,
Diazinon was used in 11,000 sqguare feet of warehouse space, 2,000
square feet of food handling areas, and 1,000 sguare feet of
residential space. 1In addition, 11 acres of open, grassy fields
were treated for leaf-chewing insects with Carbaryl, 18 acres were
treated with Borate-2,4-D for broad-leaf weeds, and two acres were
treated with Diguat. Finally, six acres of the same terrain were
treated with Phostoxin to eliminate prairie dogs. Malathion was

used on five acres (Marlow, 1983h).

During the final four months of 1983, aluminum phosphide was
used to control prairie dogs on 18 acres of open, grassy field.
Diazinon was used on 25,000 sguare feet of warehouse space, 2,000
square feet of industrial space, 1,000 square feet of food-handling
areas, and 2,000 square feet of hospital or laberatory areas to
eliminate cockroaches. 1In addition, Pyrethrum was used on 64,000
square feet of both warehouse and food-handling areas. Anticecagu-
lants were used to control mice on 120,000 sguars feet of warehouse

space, 54,000 sguere feet of industrial areas, 18,000 sgquare feet
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of food-handling areas, and 3,000 square feet of both office and
hospital or laboratory areas. Finally, anticoagulants were used
on 16 acres of open, grassy fields. Borate-2,4-D was used on eight
acres, and Phostoxin was used on four acres of the sane terrain
(Marlow, 1983i; Marlow, 1983j; Marlow, 1983k; Marlow, 1984a).

In the winter and early spring of 1984, anticoagulants once
again were used to control mice throughout various parts of the
Arsenal. Approximately 183,000 feet of warehouse space were
treated, as were 66,000 sguare feet of industrial areas, 15,000
square feet of food-handling areas, and 42 acres of open, grassy
fields. Diazinon was used on 39,000 square feet of warehouse areas
and 3,000 square feet of food-~handling areas. Finally, vegetation
on four acres of land was treated with the herbicide Hyvarx, and
an additional two acres were treated with Bromacil-borate Mixture
(Marlow, 1984b; Unauthored, 1984a; Unauthored, 1984b; Unauthored,

1984c) .

During May 1984, the focus of activity was the treatment of
open, grassy fields. Malathion was sprayed on 18 acres, Diazinon
was applied to seven acres, and Phostoxin was used to combat
prairie dogs on four acres. All vegetation on a four-acre plot
was treated with Bromacil-borate Mixture. 1In addition, Diguat was
used on six acres to control agquatic weeds, Borate - 2,4~D was used
on broad-leaf weseds coveringv114 acres, and 2,4-D - 2,4,5-T was
used on 70 acres. Finally, Trifluralin was applied to 13 acres,
2,4-D was used on 40 acres, and the combined herbicide, Diguat -
2,4-D, was used to treat an additional 12,000 square feet of the
same terrain. Other pest control activities during the menth
included the use of Diazinon on 3,000 sguare feet of warehouse
space. Pyrethrum was used on 120,000 cubic feet of warehouse space

and 120,000 cubic feet of food-handling area {(Unauthored, 1984d).
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No pest control activity was reported for June and July 1984.
Control programs resumed in August. During this month, anticoagu-
lants were used to control mice in 15,000 square feet of warehouse
space. Diazinon was applied to 1,000 squara feet of food-handling
areas, 4,000 square feet of warehouse space, and 1,000 sguare feet
of office space. Pyrethrum was used on 135,000 cubic feet =of
warehouse space. Eight acres of open, grassy fields were treated
with Malathion and Carbaryl for leaf-chewing insects and culicoids.
Bromacil-borate Mixture was used on five and a half acres and 2,4-
D was used on 24 acres to control culicoids. Chlordane, to control
ants, was applied to an
additional 800,000 square feet of the same terrain, and anti-
coagulants were applied to 15,000 sguare feet (Unauthored, 1984e).

During the last four months of 1984, anticoagulants were used
on 126,000 square feet of warehouse space, 15,000 square feot of
office space, 84,000 square feet of industrial areas, 6,000 sguare
feet of food-bandling areas, and five acres and 30,000 square feet
of open, grassy terrain. In additicn, food pests were treated with
Pyre“hrum in 120,000 cubic feet of warshouse space. Diazinon was
used on 31,000 square feet of warehouse space and 1,000 square feet
of food-handling areas. Finally, Phostoxin was sprayed over three
acres of open, grassy fields to control prairie dogs (Unauthored,
1984f; Unauthored, 1384g; Unauthored, 1984h; Unauthored, 19341).

Batween February 22, 1984, and February 29, 1984, the Army
conducted a pest management program review to evaluate the
installation management pregram and to provide recemmendations for
improving program effectiveness and correcting any attendant health
and environmental problems. The progran roview repert noted that
as of the date of the program review, pesticides were bring stored
at threa locations on Rocky Mcuntain Arsenal: RBuilding 742 {pest

control shop), Building 643 (supply storage), and Shed 1 of Plot
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3 of the Toxic Storage Yard. The herbicides and pesticides kept
in Building 743 were housed in separate rooms which were dry,
secure, fire resistive, curbed, and ventilated. The past control
shop was used for mixing purposes in addition to storage. Building
643 was used to store excess peasticides and was dry, secure, and
fire resistive, but nct suitable for pesticide storage due to a
lack of ventilation. Shed 1 of Plot 3 of the Toxic Storage Yard
was used for excess inventory storage. Pesticide inventories taken
during the 1934 program review may be found in Tables VIII and IX
of Appendix B which follows this report ({Farlow, 1984).

Puring the first three months of 1985, anticoagulants were
used on 12,000 sqguare feet of warchouse space, 6,000 sguare feot
of industrial area, and 23 acres of open, grassy fields to
eradicate mice. 1In addition, approximately 15 acres of land were
treated with Phostoxin to control prairie dogs. Four acres were
treated with Trifluralin to eliminate grassy and broad-leaf wends.
Finally, Diazinon was used on 12,000 square feet cf warshouse area
to control spiders (Unauthored, 1985a; Unauthored, 1985b; Un-
authored, 1985c).

In April 1935, trifluralin was used on gix acres of open,
grassy fields, and Bromacil was used on 48 acres to control all
vegetation. Broad-leaf weeds on 151 acres ware sprayed with
Dicamba and Borate-2,4-~-D. Bromacil-borate was usaed on three and
a half acres for vegetation, and prairie dogs were controllad on
120 acres with Pheostoxin, Finally, Diazincn was used on 4,000
square foet of warehouse space, and anticcaqulants were used to

control mice on 30,000 square fent of warehouse space (Unauthoraoed,

1925d) .

In May of 1985, Janvel- 2,4~ wag applied to 129 open, granscoy

acroes to cnntrol the growth of broad-leaf weeds, while five acres
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were treated with Diquat to suppress the growth of mixed grassy and
broad-leaf weeds. Additionally, Palapon was used on five acres of
open land for grassy weeds and Dicamba - 2,4-D was sprayed manually
over 380 acres to herbaceous broad-leaf weeds. Phostoxin was also
usy 7 in May of 1985 to combat the prairie deg population on 75
open, grassy acres of Rocky Mountain Arsenal (Unauthored, 1985e).

During June of 13985, Dicamba - 2,4-D was sprayed with power
egquipment over 233 open, grassy acres in an effort to control
weeds. Phostoxin was applied to 60 acres of open, grassy land to
combat prairie dogs at the Arsenal (Unauthored, 1985f%).

The month of July 1385 saw continued use of Dicamba - 2,4-D
for weed control over 60 open, grassy acres. Anticoagulant and
Pyrethrum were used to control mice and other food pests within
40,000 square feet and 64,000 cubic feet of warehouse space,
respectively. HMosquitoes were treated with Malathion over ten

open, grassy acres (Unauthored, 1985g).

In August of 1985, Diazinon was sprayed in 7,000 square feet
of industrial space, anticoagulants were utilized to control mice
in 5,000 square feet of industrial space, and Pyrethrum was applied
to 12,000 square feet of industrial space to wipe out roaches.
Finally, 30 cpen, grassy acres at Rocky Mountain Arsenal received

Phostoxin tec help eliminate prairie dogs (Unauthored, 1985h).,

In September of 1925, Diazinon was used for wasp and bee
eradication in 1,000 square feet of warechouse space, as weil as
spider control over 21,000 square feet of open, grassy land.
Anticoagulants were employed for mice control in 216,000 sgquare
feet of warehouse space, while Phostoxin was spraved over 30 open,

grassy acres to combat prairie dogs (Unauthored, 19851).
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During October 1985, anticoagulants were used as bait in
103,000 square feet of warehouse space to control mice. Diazinon
was applied to 2,000 square feet of warehouse space for ant and
spider prevention, and also to 26,000 sqguare yards of warehouse

space to handle wasps and bees (Unauthored, 1985j).

In November 1985, 63,000 square feet of warehouse area were
treated with Pyrethrum %o control miscellanecus food pests. In
addition, Diazinon was uves¢cd as a residual treatment over 2,000
square feet of warehouse space for spider control. Lastly, 247,000
square feet of warehouse space were baited with anticoagulant to

eradicate mice (Unauthored, 1985k).

In January 1986, an inventory of herbicides, rodenticides,
and pesticides stored in the Building 742 pest control shop was
conducted. The results of the inventory can be found in Table X

of Appendix B which follows this report (Marlow, 1986).

In April 1387, the administrators at Rocky Mountain Arsenal
were contemplating the implementation of another prairie dog
control program to begin in August or September of 1987, and an
additional program providing for the spraying of mnosgquitoes
starting in May of 1987 and continuing throughout the summer. As
planned, the prairie dog control program was to focus on the

following areas:

1) 0l1d barracks area and fire station;

2) The club and swimming pool area, and the
western south plants area;

3) The logistics area;

4] The rifle range, reserve center, and
picnic area;

31 0pm
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QJ“ 5) The air force building and construction
area;

6) Three-cquarters of a mile from the north
and western boundaries;

7) Fifty feet along Seventh Avenue on both sides from
Quebec to "D" Street; and

8) Sixty feet on both sides of "B" Street, "C" Street,
and Y"D" Street from Seventh Avenue to the north
boundary.

The mosquito control program would concentrate on the South Lakes
area, Section 20 and certain other unidentified areas of the

Arsenal (Demarest and Lovell, 1987; Heim, 1987).

Dccuments and records necessary to a reconstructiocn of Army
pest and vegetation control operations and herbicide and pecticide
usage after 1987 were not available to the authors of this study.
During the periods covered by this report, the Army used numerous

Ty,

%:P substances in a variety of ways to control wvegetation growth,
reduce the presence of insects adn rodents and to control the fish
and prairie dog populations at the Arsenal. In retrospect, the
application of these substances appears to have fallen squarely

within the parameters of normal usage during the periods covered.

g,
P "'\
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Engineers, Omaha, Nebraska. Treatment cf lower lake. Shell
Chemical Corporation. Microfilm RNAOll, Frame 1647.
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pesticide residues. United States Army Environmental Hygiene
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United States Army Environmental Hygiene Agency. Microfilm
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Marlow, D. J. 1979f, October 12. Pest control report, Septenber
1979, Rocky Mountain Arsenal, Microfilm RMA182, Franes
2054-2060,
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1989, Rocky Mountaln Arsenal. Microfilm RMAI32, Frares
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Marten, G. A. 1583, August B. Memorandum to Commander, Rocky
Mountain Arsenal. Purchase and use of nenstandard
pesticides. Rocky Mountain Arsenal. Microfilm RMA292, Frare
0005.
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Special Study No. 17-44-0230-81: Review of the Department
of the Army pesticide monitoring program, evaluation of soil
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0456.
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Rocky Mountain Arsenal
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Microfilm RSA007,

Rocky Mountain Arsenal

Arsenal, April 1,

Micrefilm RSAQ12, Frane

Rocky Mountain Arsenal

Arsenal, July 1,

Microfilm RSA0Q07,

Fzcky Mountain Arsenal (RMA).
Arsenal, July 1,
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Pcchy Mountain Arsenal (RMAG.

Microfilm R3A014,

Rocky Mountain Arsenal (RMA).

Mountain Arsenal, October 1,
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Frame 0719.
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Frame 2139.

1954. History of Rocky Mountain

1954, p.

40.
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1856a. History of
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Rccky Mountain Arsenal (RMA). 1957a. History of Rocky Mountain
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Rocky Mountain Arsenal

Arsenal,
Microfilm RMA194,

Rocky Mountain Arsenal (RMA).

Recky Mountain Arsenal
1,

f”}
Rocky Mountain Arsenal
1,

Arsenal,
Microfilm RMA194,

Arsenal,
Microfilm RMA194,

Arsenal,

i
Rzcky Mountain Arsenal
1,

Pzcky Mountalin Arsenal
1,

History of Rocky Mountain
27.

1557b.
30, 1957, p.

(RMA) .
1957 through June
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History of Rocky Mountain
1957, p. 24.

Anril

(RMA). 1957c¢.
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22.

July 1,
Frame 0307.
1957d. History of Rocky Mountain
1957 through December 31, 1%37, p.

October 1,
Frame 0375,
History of Rocky Mountair

(RMA) . l1858a.
1858 through March 31, 19%8, p. 24.

January
Frame 0431.
History of Rocky Mountairn
20.

(PMA). 1958b.
1938 through June 30, 1%58, p.

Microfilm RMA194,

Arsenal, April

Microfilm RMA194, Frame 0489.
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Arsenal, July
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Rocky Mountain Arsenal (RMA). 1959b. History of Rocky Mountain
Arsenal, April 1, 195% through June 30, 1959, p. 28,
Microfilm RMA194, Frame 0762.

Rocky Mountain Arsenal (RMM). 1959c. History of Rocky Mountain
Arsenal, Octcber 1, 1957 through December 31, 1957, p. 30.
Microfilm RMA194, Frame 0924.
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Arsenal, January 1, 1960 through March 31, 1960, p. 30.
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Rocky Mountain Arsenal (RMA). 1960b. History of Rocky Mountain
Arsenal, April 1, 1960 <through June 30, 1%60, p. 35.
Microfilm RMAl194, Frame 1075.
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Arsenal, April 1, 1961 through June 30, 1961, p. 33.
Microfilm RMA194, Frame 1375.

Rocky Mountain Arsenal (RMA). 1961b. History of Rocky Mountain
Arsenal, July 1, 1961 through September 30, 1961, p. 41.
Microfilm RMA194, Frame 1471.

Fochky Mountain Arsenal (RMA). 19£1c. History of Rocky Mountain
Arsenal, October 1, 1961 through December 31, 1961, p. 35.

Microfilm RMA1%4, Frame 1547.

Rocky Mountain Arsenal (RMA). 1962a. History of Rocky Mountain
Arsenal, January 1, 1962 threough March 31, 1962, p. 30.
Microfilm RMA194, Frame 1618.
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(RMA). 1962b. History of Rocky Mountain

Rocky Mountain Arsenal
1, 1962 through June 30, 1962, p. 35.

Arsenal, April
Microfilm RSA014, Frame 1843,

Rocky Mountain Arsenal (RMA). 1962c. History of Rocky Mountain

Arsenal, June 1, 1962 through September 30, 1962, p. 29.
Microfilm RMA194, Frame 1767.

Rocky Mountain Arsenal (RMA). 1962d. History of Rocky Mountain

Arsenal, October 1, 1962 through December 31, 1962, p. 29.

Microfilm RMA194, Frame 1841.
Rocky Mountain Arsenal (RMA). 1965. History of Rocky Mountain
Arsenal, January
Microfilm RMAl194, Frame 1916.

1, 1963 through June 30, 1963, p. 39.

Rocky Mountain Arsenal (RMA). 1973. March 12, Plan for locaticn

and evaluation of buried biolczical waste at Rocky Mountain
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Rcdger, R. L. 1977a, Noverber 23, Menorandun. DDT storage at
Colorado Depariment of Healtl.

Frame 1311.

Rocky Mountain Arsenal by
Rocky Mountain Arsenal. Microfilm RMAOL2,
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RMACY12, Frame 12359,
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Shadle, C. S. 1953, January 19. Lletter to Commanding Officer,
Rocky Mountain Arsenal, Colorado. Reguest for permission to
allow personnel of Shell Cevelopment Company to occupy
laboratory facilities. Julius Hyman and Company. Microfilr
RMAO73, Frame 0913.

Shaw, J. W. et al. 1944, May 22. Memorandum to Cormmanding
Officer. Industrial Hygiene and sanitation comnittee
meeting, p. 1. Rocky Mountain Arsenal. Microfilm RSAG17,
frames 0373-0375, at 0373.

Shogren, D. L. et al. 1977, January. Land managenent plan.
Rocky Mountain Arsenal. Microfilm RMAL150, Franmes 0384-0328.

Silber, R. L. 1948, October 7. Letter to Divisien Engineer,
Missouri River Division, HNebraska. Rocky Mountain Arseral
MRDRM Building No. 633. Julius Hyman and Conpany. Microfilms
RNAOl14, Frame 0893.

Silker, R. L. 195%3a, January 21. Letter to Comranding Officer,
Rocky Mountain Arsenal. Maintenance o©f water syster,
treatmert of Lake Ladora,. Julius Hyman and Corpany.
Microfilm RMA0S9, Frames 1482-1488, at 1467,

Silker, R. %. 1953b, August 18. Letter to the Division Engineer,
Ormaha, lMebraska. Maintenance of water systen, chenical
eradication of weeds in Lake Lladora. Julius Hyman and

Company. Microfilm RMACS2, Frames 0052-0054, at 0053,

Silber, R. L. 1954, May 13. letter to Divisicn ¥noineer,
Missouril River Division. Title to boiler, Building 633,
Julius Hyman and Company. Microfilm RMNMAQ13, Frames 0714~
D71¢.
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Silber, R. L. 1955, December 15. Letter to Commanding fficer,
Rocky Mountain Arsenal. Approval of modifications to
Building 633 and addition to Building 633B, Rocky Mountain
Arsenal. Shell Chemical Company. Microfilm RNAQCl2, Frames
1734-1735.

Siloer, R. L. 1957, November 12, Letter to Commanding Officer,
Rocky Mountain Arsenal. Cessation of Shell's activity at
Buildings 633 and 633A. Shell Chemical Company. Microfilm
RNAC10, Frame 0383.

Smith, D. P. 1952, June 23. Staff Meeting No. 70. Production
Division, p. 2. Rocky Mountain Arsenal. Microfilm RLAJGT,

Frames 2134-2137, at 2135.

S=mith, R. W. 1983, February 8. Command Health Report, January
1983. Rocky Mountain Arsenal. Microfilm RIA018, Frares
1511~1512.

Sutherland, R. L. 197%, June 12. Pest control report, May 1979.
Roclry Mountain Arsenal. Microfilm RMAl1B2, Frames 2020~-202¢.

Sutherland, R. L. 1280, Septerber 4. Pest control report, August
1920. Rocky Mountain Arsenal, Microfilm RMA1B82, frares

1982-1983.

Turner, E. C. 1976, August 6. ILnvircnmental impact assessment.
Control of black-tailed prairis deog populations with zin

phosphide pesticide. Rocky Mountain Arsenal. Microfils
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P¥A101, Frames 0228-0237, At 02230.
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Unauthored. 1949, January. Land utilization and management plan,
PP. 5-6. Rocky Hountain Arsenal. Microfilm RLAOO6, ¥rames
0973~0983, at 0977-0978.

Unauthored. 1968, August 29. Aguatic weed control on Lake Mary,
p. 2. United States Department of the Interior. Microfilnm
RFAQ01, Frames 0462~0463, at 0463.

Unauthored. 1970, December. History of localized production,
site no. 6. Microfilm RMA181, Frames 0266-0279, at 0268,
0277-0279.

Unauthored. 1983, February. Pest control report, February 19£3.
Rocky Mountain Arsenal. Microfilm RMA182, Frames 1716-1721.

Unauthored. 1984a, February. Pest control report, February 198+.
Rocky Mountain Arsenal. Micrefilm RMA182, Frame 1709.

Unauthored. 1984b, March. Pest control report, March 1684.
Rocky Mountain Arsenal. Microfilm RMA182, Frame 1708.

Ur.authored. 1984c, April. Pest control report, April 1981.
Rocky Mountain Arsenal. Microfilm RMA182, Frame 1707.

“nauthored. 19844, May. Pest control report, May 1924. Rochy
Mountain Arsenal. Microfilm RMA182, Frames 1705-1706.

Unauthored. 1984e, August. Pest control report, August 1983.
Roucky Mountain Arsenal. Microfilm RMA182, Frare 1702.
Unauthored, 1984f, Septenber. Pest contirol report, Septernber
19¢€4. Rockxy Mountain Arsenal. Microfilm RMA182, Frames

1701.
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Unauthored.

Rocky

Unauthored.

Rocky

Unauthored.

Rocky

Unauthored.

1s84q, October.

Mountain Arsenal.

1984h, November.

Mountain Arsenal.

19841,
Mountain Arsenal.

1985a, January.

December.

Pest control report, Octocber 1984,

Microfilm RMA182, Frame 1700.

Pest control report, November 19&5.
Microfilm RMA1l82, Frames 1699.

Pest control report, December 1%&4.
Microfilm RMA182, Frame 169%92.
Pest control report, January 1983.
Microfilm RMAl1B2, Frame 1686,

Rocky Mountain Arsenal.
Unautheored. 1985b, February. Pest control report, February 1538:.
Rocky Mountain Arsenal. HMicrofilm RMAISZ, Frame 1687,
Unacthored. 1985¢c, March. Pest control report, March 168:.
Rocky Mountain Arsenal. Microfilm RMAL182, Frame 1688,
Urauthored, 1983d, itarch. Pest control report, March 1%8%2.
Rocky Mountain Arsenal. Microfilm RMAl82, Frame 1689.
Unauthored. 1¢£2e, May Pest control report, May 198:. Rocky
Mountain Arsenal. Microfilm RMA182, Frame 1690.

Unauthecred. 1985f, June. Pest control report, June 1985. Rochy
Mountain Arsenal, Microfilm RMA182, Frame 1691.

Unautheored. 19253, July Pest control report, July 1982, Rochy
Mountain Arsenal. Microfilm RMA182, Frame 1692,

Unauthored. 1525h, August. Pest control report, August 1973,
Rocky Mountain Arsenal. Microfllm RMALIB2, Frame 1693.
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Una ithored. 19851, September. Pest control report, Septermber
1985. Rocky Mountain Arsenal., Microfilm RMA182, Frame 1694,

Unauthored. 19853, October. Pest control report, Octocber 1985,
kocky Mountain Arsesnal. Microfilm RMA182, Frame 1655.

Unauthorsed. 1985k, November. Pest control report, November 1985,
Rocky Mountain Arsenal. Micrefilm RMA182, Frame 1696.

United States Army Environmentzl Health Laboratory (USAEHL).
1957, July 12-17. Industrial Hygiene Survey No. 270135€-57:
Facilities Maintenance Branch, p. 7. rmy Chemical Center,
Maryland. Microfilm RAAQ065, Frames 0178-0185, at 01835.

United States Arrmy Environmental Hygiene Agency (USAEHA). 1979,
April 27. Installation Pest Management Program Review Nc.
16~-€6~-0590~79, Rocky Mountain Arsenal, Commerce City,
Cclorado, February 7-8, 1979. Microfilm RMAOS1, Frames 126£-
1313,

Vining, J. F. 1961, August 9-11. Industrial Hygiens Survey No.
3865549-61/62. Building 544, p. 8. United States Arny
Environmental Hygiene Agency, Army Chemical Center, Maryland.
Microcfilm RAADES, Frames 0469-0492, at 0476.

Whitledge, A. Q. 1962, April 2. Merorandum. General Order No.
8, Special Projects Office. Rocky Mountain Arsenal. Rochy
Mountain Arsenal quarterly historical report, general crders.

Microfilm PMA194, Frarme 1702.
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Williams, O. M. 1964, February 28.

Engineers, Omaha,
weed and algae
Microfilm RSH970,

Wright, L. 1985, October 25.
tes versus Shell Cil Company,

43-4€6. nited Sta

Letter to U. S. Army Corps of

Nebraska. HMaintenance of water systemn,

eradication.
Frames 0883-0834.

Shell Chemical

No. 83-C=-2379.

Young, M. C. 1967, September 29.
ons. Special projects division report for
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cal year 19&8.
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Company.

Deposition transcript, veol. I, pp.

Civil Action

Disposition form to Director,
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TABLE I

Docunentad Quantities of Herbicidea, Pesticides,
and Insecticid@ss Used at RockXy Hountain Arasnal’

SUBSTAMNCE YEAR QUANTITY EFERINCES
2,4-D 1964 450 pounds (Asai, 1964;
Flucke, 1964)
1966 250 pounds {(Krenzer and
Morkovsky, 196¢)
1968 370 pounds (Ammon, 1967~19¢€2)
1983 4,325 gallons (Marlow, 1983e:

Marlow, 1923f)

&
i
3
#
3
3
q
3
4
i
v
b4
S
o)
i

1984 2,950 gallons (Unauthored, 192:3:
Unauthored, 1%Zie,

2,4-D-2,4,5-T 1984 1,900 gallons {(Unauthored, 19834d;
Aluninun 1983 16 pounds (Marlow, 1983f;:
phosphide , Marlow, 19831i) g
&r-icoagulant 1979 91 pounds (Marlow, 1979a; f
Marlow, 1979%f; i
Marlow, 1%75g: 3
Marlow, 1979h;: 8
Marlow, 1980a) 3

1980 193 pounds (Marlow, 1980b;:
Marlow, 1980c;: %
Marlow, 1980f-73: 1
Marlow, 198ia: ?
Sutherland, 1¢37, g
1921 233 pounds (Marlow, 1981b: E
Marlow, 19814d: b
Marlow, 198le-k) &
r“:> 3
S 'The above-furnished quantities represent actual substances ;
used at Rocky Mountain Arsenal as gquantified in the historica. L
database. 3
7:070m t
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EUBSTANCE ZAR QUANTITY REFEREMNCES
. 1982 114 pounds (Marlow, 1982a-d;
Marlow, 1982f;
Marlow, 1983a)
1583 253 pounds (Marlow, 1983b-})
1984 209 pounds (Marlew, 1984a-kb;
Unauthored, 1%&4a-h)
1985 105 pounds {Unauthored, 198Za-d;
Unauthored, 198ig-k)
Eanvel=-2,4-D 1985 2,200 gallons {Unauthored, 19&:Ze;
crate-2,4-D 1980 1,350 gallone (Marlow, 19%20g:
Marlow, 19801i;
Sutherland, 1%20;
1981 528 gallons (Marlow, 1981d~f;
Marlow, 19%&£11i)
, {'} 1983 5,150 gallons (Marlow, 1983g-k)
1984 4,000 gallons (Unauthored, 158:4)
1985 2,300 gallons (Cnauthored, 1%98&5d)
' Erormacil 1985 854 gallons (Unauthored, 19833)
r
J
‘ Erzracil-borate 1979 2,800 pounds (Marlow, 197%a-c:
4 Marlow, 1979g:
. Marlow, 197%h;
i | Marlow, 1980a)
} : 1980 1,726 pounds (Marlow, 1980b-Q;
0 Marlow, 19801
Es Marlow, 19507;
i Marlow, 198la:
Sutherland, 19¢¢;
1981 1,300 pounds (Marlow, 1981b:
Marlow, 1981ic:
Marlow, 19817)
> 1982 1,000 pounds (Marlow, 1%B82a-d:

kISR

Marlow, 1982f)
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SURSTANCE XZ2AR QUANTIZY

1983 4,500 pounds

1984 424 gallons

1,850 pounds

1585 150 pounds

Czlciun cyanide 1981 68 pounds

1982 20 pounds

1976 3,200 pounds
1979 3,940 gallons
1980 352 gallons

19381 2,500 gallons

1982 450 gallons
1983 2,450 galloens

1984 200 gallons

Chlordane 1684 11 gallons
Copper sulfate 1943 300 pounds

fﬁ) DCPA 1531 80 pounds
- Dalapon 1985 100 gallons

R R N SO R R i N DR T

REFERENCES

(Unauthored, 1983;
Marlow, 19834;
Marlow, 1983f;
Marlow, 1983q;
Marlow, 1983i;
Marlow, 19833)

{Uriauthored, 1984c;
Unauthored, 1684f;
Unauthored, 19384g)

(Unautheored, 19844;
Unautheored, 1%54e)

(Unauthored, 1%254)
(Marlow, 1981i:
Marlow, 19813)

(Marlow, 1982e)

(RMA, 1976)
(Marlow, 1979c=-e)
(Marlow, 1980d-qg)

(Marlow, 1981d-f;
Marlow, 19811)

{Marlow, 1982e:
Marlow, 1982f)

(Marlow, 1583g;
Marlow, 1983h)
(Unauthcred, 1963e)
(Unauthored, 198se)

(CWS, 1645)

(Marlow, 1981c)

{Unauthored, 1985¢)
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SURSTANCE YZAR QUANTITY REFERENCES

Diazinon 1979 3% gallons {(Marlow, 1979a;
Marlew, 1979b;

Marlow, 197%f; ?
Marlow, 1979g; 1
RMA, 1952c;

Sutherland, 197%)

1980 34 gallons (Marlow, 1980b-73)

-

1981 105 gallons (Marlow, 1981b-d:
Marlow, 1681f-}))

1982 105 gallons (Marlow, 1982a-f:
Marlow, 1983a)

1983 1,468 gallons (Marlow, 1983b-k;
Marlow, 1984a)

1984 783 gallons (Marlow, 1984b;
Unauthored, 1984a:

Unauthored, 1%esc-~f: i //’
Unauthored, 19%84h; i

e s R A N Lo e DRI :

1985 45 gallons (Unauthored, 198Za-4d: f

Unauthored, 1985h-}k) :

Dizarba | 1985 2,300 gallens (Unauthored, 1985d) F ]
Cicarkta~-2,4-D 1985 10,200 gallons {Unauthored, 1985e-g; éf
Ziguat-2,4-D 1980 120 gallons (Marlow, 1980f; f;

Marlow, 1980h;
Marlow, 19801)

1521 35 gallons (Marlow, 1981f) {
é

1822 750 gallons (Marlow, 1982f) [
1983 1,418 gallons (Marlow, 1983e-g) {
19384 600 gallons {Unauthored, 19834) f
1925 100 gallons (Unauthored, 1983e) :
Dursban 1979 250 pounds (Marlow, 197%c) é
Hyvarx 1984 630 gallons (Unauthored, 198i¢C) ;
™ f?
i~> !zlathion 1964 30 pints {Asai, 1964; /
e Flucke, 198%43) v
[YREpo. :
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XZhR

1966

1979

1980

1381

1982

1983

1984

1984

1820

1981

1982

QUANTITY

500 pounds

3,940 gallons

4,700 gallons

2,500 gallons

925 gallons

2,300 gallons

2,250 gallons

w
W
(&)

gallons
200 gallons

35 pounds

28 pounds

831 pounds

6 gallons

(2%

galions

4 gallens

2 gallors

REFERENCES

(Krenzer and
Morkovsky, 196¢)

{(Marlow, 1979c;
HMarlow, 1979%4d;
Sutherland, 157¢)

(Marlow, 18E0f;
Marlow, 1980g:
Sutherland, 198C)

(Marlow, )98148-f;
Marlow, 16811)

(Marlow, 1982e:
Marlow, 1982f)

{(Marlow, 1933e-gj

(Unauthcred, 153:3;
Unauthored, 1864¢;

(Unauthored, 1985g:
(Marlow, 1980f;

{Marlow, 1983e:
Marlow, 1983g:
Marlow, 19833)

{(Unauthored, 198:4d:
Unauthored, 1583ie:
Unauthored, 198:3)

{Unauthcred, 196%a-¢:
Unautheored, 166in-k)

(Marlow, 1979a:
Marlow, 1%7%c:
Marlow, 135794:
Marlow, 1979f.:
Marlow, 197%g:
EMA, 1852¢:

Sutherland, 197%)

{Marlow, 1980b-2:
Marlow, 198%1)

¢ M
1

P}

arlow, 193%1d4-f;
Marlow, 1381h)

(Marlow, 1980e¢;
Marlow, 19821)
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Rctenone
Roundup

Strychrine

YDAR

1983

1584

1985

1970
1982

13883

1979

1984

1985

19746

19290

1583

QUANTITY

10 gallons

4 gallons

3 gallons

50 pounds
287 gallons

35 pounds

4 gallons

1,100 poundc
460 pounds

7,300 pounds

33,700 pounds

8,000 pounds

10,000 pounds

72,000 pounds

2C0 pounds

A-7

REFERENCES

(Marlow, 1983e;

Marlow, 1983f-X)

(Farlew, 19331i;:
Marlow, 19B3k;

Urautihored, 1¢34d-f)

{Unauthored, 1985g:

Unauthored, 198

S5h:

Unauthored, 1885k)

{Mullan, 1975c)
(Marlow, 1982f)

(Marlow, 1983c:
Marlcw, 19824}

(Marlow, 1379c)

(Unauthored, 1984
(Unauthored, 1983

(RMA, 1956a;
RMA, 1956b)

(PM4, 1957a;
RMA, 1957b)

(RMA, 1960a;
RZA, 1960Db)

(RMA, 1961)

(RMa, 19%2a;
RMA, 19€2c)

1576
197€)

(Johnston,
Phillaips,
(Marlow, 1930f)

(Marlow, 19%83d:

Unauthored, 19¢

3}



TABLE II

Herbicides end Pesticidas Usad mt Rocky Mouatain Arsenal

5¢é} in Unxnown Quantities
N y
BUBSTANCT zA REFTRENCES
2,4-D 1950 (Chemical Corps, 1950)
1954 (RMA, 1+54; Shogren,
1977, p. 31)
1965 (Clevenger, 1965%)
2,4,5-T 1965 {(Clevenger, 196%)
Bordeaux mixture 1957 (USAEHL, 1957)
Chlordane 195¢C (Chemical Corps, 1950)
1957 (USAEHL, 1957)
1959 (Ledwell, 1959)
1961 (Vining, 1961)
Crystalline copper
sulfate (Blue Vitriol) 1944 (CWS, 1945)
1945 (CWS, 1945)
Dot 1945 (Mrnookin et al., 1945)
184¢ {Mclaughlin et al., 194¢;
1548 {Harbaugh, 1948)
1657 {USAEHL, 1957)
1929 (Ledwell, 1859)
19¢) (Vining, 1961)
19505 and
19605 (Mitchell, 1986)

Lt Zor




BURSTANCE

Dowpon

Hydrogen cyanide

Isopropyl ester of
2,4-D

Karmex (Diuron)

Lead arsenate

Lindane

l“alathion

Zrganic phosphates
Faris Green
"Rat poiscn"

Fztenone

Sodiunm arsen.te

Scdiunm flucracetate

Thallium sulfate

Ureabor

Warfarin

7 1eom
tyrrmv roy

z E ;‘}a R
1965

1957

1955

1968

1957
1959
1961
1857
1959
1961
1978
1857
1544
1947
1977
1944
1944

1974

1959

1957

RITERENCES

(Clevenger, 1965)

(RMA, 1957a-b)

(RMA, 1955a; RMA, 1955b)

(Bartschi, 1968;
Unauthored, 1968)

(USAEHL, 1957)

(Ledwell, 1959)

(Vining, 1961)

(USAEHL, 1957)

{Ledwell, 1959)

(Vining, 1961)

(Grodt, 1979)

(USAEHL, 1957)

{(Shaw et al., 1944)

{(McLaughlin, 1947)

(Shogren, 1977)

{Shaw et 21., 1944)

(Holaday et al., 19351)

(Donnelly, 1974;
Mullan, 1975a-c)

{RMA, 1962a-b)
(R¥MA, 1955a-b)
(USAEHL, 1957)
(USAZHL, 1857)
(RMA, 1958a-4d)
{(FMA, 19%5%a-c)

(USAEML, 1957)



TABLZ I1X

Pastleidss and Hordbieidss Used at

Rocky HMountain Arsenal:

gy
im:> SUDBTANCS YEAR
2,4-0 1950

1954

1964

1965

1966

19¢8

1983

1984

2,4-D - 2,4,5-T 1984
2,4,5-T 1965
Alurminunm 1583

phosphide

Articoagulant 1979

1980

‘ K// s,

Consclidatad Data'

(Chemical Corps, 15%50)

(RMA,
1877, p.

1954; Shogren,
31)

1964;
1564)

{Asai,
Flucke,
(Clevenger, 1965)
(Krenzer and
Morkovsky, 1966)

(Ammon, 1967-1968)

1983e;
1983f)

(Marlow,
Marlow,

19844d:
1984¢e)

{Unauthored,
Unauthored,

(Unauthored, 1%83d)
1865)

{(Clevenger,

1983f%;
19831)

(Marlow,
Marlow,

1875a;
1979f:;
19733;
1979h;
1980a)

(Marlow,
Marlow,
Marlow,
Marlow,
Marlow,

1980b:
1980¢;
1980f~3;
1981a;

1980)

(Marlow,
Marlow,
Marlow,
Marlow,
Sutherland,

'"This table lists all pesticides and herbicides identified

»

Tables I and II of Appandix A.
7.2%0m
Lit-rev. oes
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Banvel=~2,4-D

Borate-2,4-D

Berdeau mixture

Bromacil

Ercrazil-becrate

YEAR

1981

1982

1983

1984

1985

1985

1980

19890

1981

1982

{Marlow, 1581b;
Marlow, 19814:
Marlow, 1358le-k)

{Marlow, 1982a-d;
Marlow, 1922f;
Marlow, 1983a)

(Marlow, 1983b-X)

(Marlow, 1984a-b;
Unauthored, 13%84a-h)

(Unauthored, 1985a-d:
Unauthored, 1%85¢g-¥)

(Unauvthored, 1985e)

(FMarlow, 1980g;
Marlow, 1980i:
Sutherland, 19%80)

(Marlow, 1581d-f:
Marlow, 19811)

(Marlow, 1983g-k)
(Unauthored, 1%84d)
(Unauthored, 1985d)

(USAEHL, 1957)
{(Unautheored, 1985d)

(Marlow, 197%a-c;
Marlow, 1979g;
Marlow, 197%h:
Marlow, 1980a)

(Marlow, 1980b-d:
Marlow, 1880i;
Marlow, 198073:
Marlow, 1981la:
Sutherland, 1980)

(Marlow, 1981b;
Marlow, 1981c:
Marlow, 19813)

{Marlow, 1982a-4;
Marlow, 1982.)




SUBSTANCE

Calciun cyanide

YEAR

1983

1584

1985

1881

1982

187¢
1879
1980

1981

1982

19E3

1983

1920
1957
1953
1961

1984

1943

A.1D

(Unauthored, 1983;
Marlow, 19834d;
Marlow, 1983f;
Marlow, 1%83g;
Marlow, 13983i;
Marlow, 1983k)

{Unauthored, 1%84c;
Unauthored, 1984f¢f;
Unauthored, 1984g)

{Unauthored, 19344;
Unauthored, 1984e)

(Unauthored, 19854)
(Marlow, 19811i;
Marlow, 1981j3)

(Marlow, 1982e)

(RMA, 1976)
(Marlow, 197%8c-e)
(Marlow, 1980d-qg)

(¥arlow, 1981d-f;
Marlow, 19811i)

(Marlow, i982e:
Mzrlow, 1982f)

(Marlow, 1983g:
Marlow, 1983h)

(Unautho-ed, 1884e)

(Chemical Corps, 1950C)
(USAEHL, 1937)
{Ledwell, 1959)
(Vining, 1961)

(Unauthored, 1984e)

(CWS, 1945)
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Crystalline copper

DCPA

pDT

Calapon

Diazinon

R

7. 2%

YZAR

sulfate (Blue Vitriol) 1944

1945
1981
1845

1946

15948
1957
195%
1961

1950s and
1960s

1985

197%

1980

1981

1982

1983

1984

1985

198¢%

198595

(CWS, 1945)

(CWS, 1945)

(Marlow, 1981c)
(Mnookin et al., 1945)

{McLaughlin et al.,
1946)

{Harbaugh, 1948)
(USAEHL, 1957)
(Ledwell, 1959)

(Vining, 1961)

(Mitchell, 1986)
(Unauthored, 1985e)
(Marlow, 197 za;
Marlow, 197%b;
Marlow, 1979f1;
Marlow, 1979g;
RMA, 1952c¢;
Sutherland, 1979)
(Marlow, 1580b~3j)

(Marlow, 1981p-d;
Marlow, 1981f-k)

(Marlow, 1982a-g)

{Marlow, 1983b-¥k:
Marlow, 1984a)

(Marlow, 1984b:
Unauthored, 1984a:
Unauthored, 1%84c~f;
Unauthored, 1984h)

(Unauthored, 1985a-d:
Unauthored, 1985h-k)

(Vnauthored, 1983d)
{(Unauthcred, 1985e-g)

(USAEHL, 1857)
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Marlow, 1979d;
Sutherland, 1979)
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UBSTANCE YEAR AEDRENCES
Diguat-2,4-D 1980 (Marlow, 1980f;
¥arlow, 1980h;
Marlow, 1980i)
1981 ({Marlow, 1581f)
1982 (Marlow, 1982f)
1983 (Marlow, 1583e-qg)
1984 (Unautheored, 19844d)
1985 {(Unauthored, 1985e)
Dowpcen 1965 {Clevenger, 196%)
Dursban 1979 (Marlow, 1979c)
Hydrogen cyanide 1957 (RMA, 1957a-b)
Hyvarx 1984 (Unauthored, 1984c)
Isopropyl ester of
2,4-D 1955 (RMA, 1955a; RMA, 195:k)

fﬁ} Karmex (Diuron) 1968 (Bartschi, 1968;

e Unauthored, 1968)
lead arsenate 1957 (USAEHL, 1957)
Lindane 1959 (Ledwell, 1959)

1961 (Vining, 1961)
Malathion 1957 {(USAEHL, 1957)
1959 (Ledwell, 1959)
1961 (Vining, 1981)
1964 (Asai, 1954:
Flucke, 1964)
1966 (Krenzer and
Morkovsky, 1966)
1977 (Shogren, 1%77)
1978 (Grodt, 1978)
i 1979 (Marlow, 197%c;
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SUBSTANCE YEAR REFERENCES
1980 (Marlow, 1980f:
Marlow, 1980g;
Sutherland, 1980)
19281 (Marlow, 1981d-f;
Marlow, 1981i)°
1982 {Marlow, 1982e;
Marlow, 1982f)
1983 (Marlow, 1983d-f)
1984 (Unauthored, 1984d;
Unauthored, 1984e)
1985 (Unauthored, 1985g)
laled 1980 (Marlow, 1980f)
Nicotine sulfate 1957 (USAEHL, 1957)
"oilY 1544 (Shaw et al., 1944)
1947 (McLaughlin, 1947)
£
th:) Organic phosphates 1977 (Shogren, 1977)
Paris Green 1844 (Shaw et al., 1944)
Phosto»in 1983 (Marlow, 1983e;
Marlow, 1%83g;
Marlow, 1983k)
1984 (Unauthored, 19844d:
Unauthored, 1984e:
Unauthored, 1984g)
198% (Unauthored, 1985%a-f:
Unauthored, 1985h-k)
Fyrethrun 1875 {Marlow, 1979%a:
Marlew, 1979c:
Marlow, 19794d;
Marlow, 197%f;:
Marlow, 1979g;
RMA, 1932c:
Sutherland, 1979%9)
1580 (Marlow, 1980b-e;
W%> Marlow, 19801)
c o o
19821 (Marlow, 1981d-f;
Marlow, 1981h)
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SUBSTANCE YZEAR TTERINCES
1982 (Marlow, 1982e¢;
> Marlow, 1982f)
1983 (Marlow, 19834d;
Marlow, 1983f-k)
1984 (Marlow, 1983i;
Marlow, 1983k:;
Unauthored, 1984d-f)
1585 (Unauthored, 1985g:
Unauthored, 198%h;
Unauthored, 1985k)
"Rat poison® 1944 (Holaday et al., 1943)
Rotenone 1870 (Mullan, 1975c¢,
1974 (Donnelly, 1974;
Mullan, 1975a-c)
Foundup 1982 {Marleow, 1982f%)
Sodiur arsenite 1862 (RMA, 19622a-b)
Szdiun flucracetate 1955 (RMA, 1955a-b)
1957 (USAEHL, 1957)
Serychnine 1983 {Marlow, 1983c:
Marlow, 1983d)
Thallium sulfate 1957 (USAEHL, 1957)
Tirec 1979 (Marlow, 1979c)
Trifluralin 1984 (Unauthored, 19844)
1985 (Unauthored, 1985d)
Ureabor 1956 (FMA, 1956a;
RMA, 185¢b)
1957 (RMA, 1957a:
Ri"a, 1957Db)
1958 (rtA, 1958a-d)
19%5¢ (RMA, 185%a-c)
1960 (PMA, 1960a;
RMA, 1960Db)
1861 (RMA, 1961)
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J Warfarin

Zinc phosphide

720
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REFERTUCES

(RMA, l962a;
RMA, 1962¢C)

(USAEHL, 1857)

(Johnston, 1976;
Phillips, 1976)

(Marlow, 1980f)

(Marlow, 1983d;
Unauthored, 1883)
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TABLE IV i
Aggregate Yaarly Quantities of Haerbdicides, f‘ .
Pasticides, and Inzsctieides Used at :
Rocky HMountain Arsanal’ f
Yoar Gallons? Pounas? :
1943 300 ﬁ
1944-1955 No amounts reported g
195¢ 7,300
1957 33,700
1958 No amounts reported -
1959 2,500 §f
1960 8,000 ?
19¢€1 10,000 %f
1662 52,000 i
1562 20,000 -
1964 3 450 ?%
1965 525
1966 750 ;;
1¢47 No amounts reported fl
1¢6¢ 370 g
1¢€69 No amounts reported ?
1670 50 iﬁ
1%71-197% No amounts reported V?
1576 3,200 fg
1877-1978 No amounts reported 5
1973 7,925 3,141 §
- 'Scurce: Appendix A, Table 1. 3 »
“Thz above-furnished guantities represant actual substances é
uszd at Rocky Mountain Arsenal as guantified in the historical 3
dazabas2 The guantities reported in pounds (gallons) are }
independant »f those reported in gallons (pounds). 5}




Yonr Gallona’ Pounds’

1380 6,758 1,926

1981 5,672 1,681

e R e

1982 2,519 1,134
1983 17,121 5,289
1984 13,764 3,187

1985 18,452 1,546

T T N IS <l T o am i, g, T e

lc86~ No amounts reported

TCTAL 72,214 157,000 ;
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TABLE I ,
1975 Pesticide Iavantory, Building 544 Area

PESTICIDE UANTITY?
2,4-D 272 gallons
2,4,5-T 25 gallons
2,4-D and 2,4,5-T7 209 gallons
Anticoagulant Dusting Powder 5 pounds
Baygon Propoxur 5 pounds
Borate~Bromacil Mixture 597 pounds
Bordeaux Mixture 52 pounds
Boric Acid 10 pounds
Calcium Cyanide 5 pounds
Carbaryl 100 pounds
Chlordane 9 gallons
Copper acetoarsenite 5 pounds
DDT Powder 50 pounds
Diazinon 229 gallons
Dieldrin granules 2 pounds
Diguat 17 gallons
Diuron 5 gallons
Diuron 50 pounds
Lidnane 10 gallons
Malathion 124 gallons
Naled 22 gallons
Poiscn Grain 25 pounds
Propoxur 1 gallon
Pyrethrum Roach Pcuwder 5 pounds
Sirazine 20 pounds
Scdiun 2,2-dichloropropionate 30 pounds
Strvchnine Grain 38 pounds
Thiram 2 pounds
Vapona 140 strips
Warfari 128 pounds
'Source: Hastriter and Mclaurin, 1576

‘«l} 2Quantities shown in the above chart reflect actual armcuncts

™ stcred but do npot hecessarily represent pure guantities of thas
substanca. Many named substances were substantially diluted with
water or scme other chenical prior to application.



fw:> 1979 Pasticide Inventory, Building 544 and Btorage Shed'
Yo PISTICIDE ol IOCATION

797-A Powdered Insecticide,

pyrethrine 1 percent,
silica gel 40 percent

Aldrin
R
Arasan 75
thiram 75 percent
Arsenate of lLead

Baygon R Roach Bait
propoxur 2 percent

Cyanogas~A~

Calcium Cyanide 42 percent

De~-Pester Ded—WeedD

Diguat Water Weed Killer
diquat dibromide
35.3 percent

Experimental Anticoagulant
Dusting Powder calciunm

salt of 2-substituted

1,3

indandione 2.174 percent

Herbicide Dimethyl

Tetrachloroterephalate

Dachthal® w-75 DCPA
75 percent

TABLE 1II

84 ounces

110 gallons

2 pounds

2 pounds

2.5 pounds

1 pound

55 gallons

20 gallons

4.5 gallons

108 pounds

Building 544

Outside Storage
Shed
Building 544

Building 544

Building 544

Building 544

Outside Storage
Shed

Outside Storage
Shed

Building 544

Building 544

water or some oth=2r chemical prior to application.

7800

o 1
f“3 Source: Grodt, 1979
- 2 ca s . .
Quantities shown in the above chart reflect actual amounts
stored but do not necessarily represent pure quantities of tha
substance. Many named substances were substantially diluted v

*
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PESTICIDT AKOUNT LOCATION
Herbicide 2,4-D 55 gallons Outside Storage
Thompson Weedicide Shed
Concentrate, dimethyl
salt 2,4-D acid 50 percent
equivalent 2,4-D acid
41.5 percent
House Mouse, Meadow Mouse, 40 pounds Building 544
and Pocket Gopher Bait
Strychnine alkaloid
0.5 percent
Insecticide Chlordane 2 gallons Outside Storage

EC, 73.6 percent
Insecticide Diazinon EC,
47.5 percent

Insecticide Diazinon EC,
48.2 percent, D-Tox 4L

Insecticide Diazincn Liguid
Residual, 0.5 percent

Irnsecticide Naled, 85 percent

Insecticide Powder Roach
sodium fluoride 47.5 percent
pyrethrins 0.2 percent

Insecticide Pyrethrin,
0.6 percent

Insecticide Strip
dichlorovos

mzlathion, 57 percent

Copper aceto
percent

Faris Gre=en,
arsenite £%.4

Radaponp dalapon 82 percent
Rid-A-Bird" endrin 9.75 percent

Bait
warfarin

Rodenticidal
Anticoagulant
0.02% percent

Sprayable
80 percent

. . R
Sevin

Carkaryl
BCW,

S:mazine 80 percent

10

L woe

5.5 gallons

1 gallon

2 gallons

14 gallons

5 pounds

324 ounces
140 strips
190 gallons

5 pounds

S pounds
1 pint
150 pounds

220 pounds

17 pounds

Shed

Building 544
Building 544
Building 544
Outside Storage
Shed

Building 544
Building 544
Outside Storage

Shed

Cutside Storage
Shed

Building 544

Building
Building
Building 544

Building 5434

Building
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PESTICIDE AHOUNT LOCATION
ULD® BP-300 Insecticide 10.5 gallons Building 544
Unknown 10 gallons OutsideStorage
Shed
Zinc Phosphide on Steam 250 pounds Outside Storage
Rolled Oats, 2 percent Shed

,,,,,,,,
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TABLE III
1979 Pesticide Invantory, Building 616’

Amount?
Pesticide Container
Insecticide, DDT, 20 percent 990 gallons

(55- gallon drursg,

Insecticide, DDT, 20 percent 220 gallons
(55-gallon drurs;

'Source: Grodr, 1979

‘Quantities shown in the above chart reflect actual arcunte
stored but do not necessarilly represent pure quantities of tha?
substance. Many nramed substances were substantially diluted with
water or some octher chemical prior to appliacation.
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TABLE IV .
1979 Pasticide Inventory, Building 618

Amount?
Pasticide (Contairer)
Bordeaux Mixture 48 pounds
copper 12.75 percent (4-pound bags)
Boric Acid 10 pounds

{1-pound bottles)

240 feet

Caw Caw Rope
(48-foot bundles)

(bird repellant)

DED-Weed" 165 gallons
2,4-D {55-gallon drurs)
2,4,5-T

DowponR 25 pounds

dalapon 85 percent {5-pound boxes)

Herbicide 2,4-D, 50 percent 165 gallons
(55-gallon drure,

Insecticide, Diazinon 2 percent 225 gallons
Dust (25-gallon drurs;
Insecticide, Lindane l-pound/gallon 10 gallons
{5-gallon cans)
Insecticide, Naled Concentrate 25 gallons
{25-gallon drums)
Fzison Grain 50 gallens
strychnine 0.5 percent . {50-gallon drurs)
Tzrdon ® 161 Mixture 5 gallons
picloran 3¢ percent (5-gallon cans)
Wilco Ground Sguirrel Bait 48 pounds
chlorophacinone 0.5 percent {4-pound cans)

'Source: Greodt, 1979

‘Quantities shown in the above chart reflect actual armounts
stered but do not necessarily represent pure guantities of that
substance. Many named substances were substantially diluted with
water or some other chemical prior to application.
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TABLE V
1979 Pesticide Invantory, Building 788"

Azcunt?

{Container)

Pesticide

Oxy Borocil IV 5,200 pouncds

sodium metaborate (50-pound bags
tetrahydrate 94 percent ‘
bromacil 4 percent b

TP

2guantities shown in the above chart reflect actual amountco
stored but do not necessarily represent pure gua ntities of that
were substaanally diluted with

substance. Many raned rub;L nces
water or sone obher chemical prior to application. !

Y‘
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TABLE VI , :
1981 Pesticide Inventory, Building 615 .
amount?

Pesticida {Container)
Insecticide, DDT, 20 percent 990 galloens %
(55-gallon drurs) ]
Insecticide, DDT, 20 percent 220 gallons é
(55-gallon drurg) &

PR

2Guantities shown in the above chart reflect actual anounts
stored but do not necessarily rerpresent pure quantities of that
substance. Many named substances Were substantially diluted witn
water or some other chemical prior 1o application.
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TABLE VII

1981 Paesticida InvantoIry,

ppsticide

Bordeaux Mixture
copper 12.75 percent

DED~Weed
2,54-D
2,4,5-T

derbicide 2,4-D, 50 percent

1ngeczticide, aldrin
(unserviceable)

Insecticide,

Diazinon 2 percent Dust
irsecticide, Naled
Cocncentrate

Tordon 101 Mixture
gicloram 39 percent

SLOT
substance Many named Su
water or sows other cheml

"
a1 but 4o not necessarily

in the above chart reflect ur
represant pure guantitites of tha
Wit

ANCES wWere

puilding 643

Anount2
{container)

48 pounds
(4-pound bags)

165 gallons
(55-gallon drures;

165 gallons
(55~gallon drurs,

110 gallons
{s5-gallon drurs)

225 gallons
(25-gallon druns)

25 gallons
(25-gallen drar)

5 gallons
(5-gallon can)

actual amounts
i

substantially diluted

RS

C1

prior to application.
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THBLE VIII

1984 Pasticide Invanliory, nuilding 543"

amount?’

Pesticide

A B S

crdeaux Mixture 48 pounds
copper 12.7 percent (4-pound bags;]

166 gallons

rED-weed
2,4~D (55-gallon drurs;
2,4,5~T7

100 gallons

Herticide 2,4-D, -
50 percent (55~gallon drurs;
Tnsecticide, 110 gallons
Aldrin (55-gailen drurs,
(unserviceable)
Insecticide, 22% pounds
(25-gallen druns;

Diazinon 2 percent Dust

icide, 25 gallons
(25-gallon drurs)

Ingect
led Concentrate

s

]
a

e
'source: Farlow, 1984

’guantities shown 1in the azbowe chart reflect actual arcunts
stored but do not necessarily represent pure gquantities of that
ially diluted with

stancas were sucstant

substance. HMany named sub
jer to application.

water or some other chemical pr

im0 e s
. . N
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TABLE IX

1984 Pesticide Inventory, Toxic Btovage sard’

amount?
Pesticide {Container)
Insecticide, 165 gallons
Heptachlor (55-gallon druns)

'source: Farlow, 1984

2Quantities shown in the above chart reflect actual amounts
storad but do not necessarily represent pure quantities of that
substance. Many nared substances were substantially diluted with
water or some other chemical prior to application.
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TABLE X

1986 Horbieids, Rodanticide, and
Pasticide Inventory, Building 742’

Berbieide

2,4-d 50 pmercent

Banvel 48.2 percent

Borocil Soil Sterilan

Dacthal W-75 WWP

Digquat

Embark Plant Growth Regulator,
28 percent

Fertilome Lawn Fertilizer

LWK Mo. 2 Weesd Killer

Ortho X-77 Spreader

Simazine 80W WWP

Tordon 101 Mixture

fad

Rodenticide

Anticoagulant 0.3 percent
Baygon Roach Bait 0.2 percent
Fumitoxin 55 percent

Phostoxin 55 percent
Zinc Phosphide

Pesticida

797-A-Powder Insecticide (Pyrethrin)
1.0 percent

Diazinon 0.5 percent solution

Diazinon 42 47.5 percent

Diazinon Concentrate 47.5 percent E.C.

Dibrom 14 ({¥Haled)

Insect Repellant (Personal Application)

Malathion 57 percent
Naled 85 percent
Paris Green 85.4 percent
Pyrethrum Roach Powder .2 percent
Sevin Carbaryl WWP
80 percent
ULD 20 Smoke Odor Counteract
ULD BP 300 3.0 percent Solution
ULD €5 85 Micro Generator Cleaning
Solvent

'sSource: Marlow, 1936

ouantity?

3 Bags/5 poundseach
30 Each/l-gallon cans
1 Bag/50 pounds

4 Bags/24 pounds each
17 Fach/5-gallon cans

8 Each/l-gallon cans
48 Each/10-pound bags
1 Quart bottle

2% Each/l-gallon cans
3 Bags/S5~pounds each
1 Each/5-gallen can

299 Each/l-pound cans

1/4 Pound

48 Flasks/2-pounds

3.28 ounces each

120 Flasks/3.3-pounds each
4 Bags/30-pounds each

8 Bulbs/30 ounces each

1-1/4 Gallen

14 Gallons

12 Gallons

Approximately 2 Gallons

17 Each dispenser/2 ounces
each

1 Each/55-gallon drum
3-Gallon jar
1 Each/5 pound can

15 Bags/10 pounds each
1 Gallen

1-1/4 Gallon

1 Gallon

?guantizies shown in thz above chart reflect actual anounts
storad but do not neocessarily represent purs guantities of that

substance.

Hany named substances were substantially diluted with

water or some other chamical prior to application.

2:45mm
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normal?
Lovels in 8031 and 8
Balectad RImy Inntallations

TapLe 11

fierbicides,

Compound/ Arsa(a)
cateqory BaerSﬁntgg
chlordane Sediment
Residential
Pesticide shop
storage
Other selected
Tctal DDT Sediment
including DDD Residential
and DDE pesticide shep
storage
other selected
Cyclodienes like Sediment
kidrin, Residential
Dieldrin, and pesticide shop
Erdrin storage
other selected
Orzanophosphates Sediment
like Malathion, Residantial
chlorpyrifor pesticide shop
Diazinon, storage
para<hion, and other selected
Ronnel
neysn including Sediment
Lindane residential
Pesticide shop
storage
Cther selected
. 'source: McDermolt, 19381
:W“> 2y5 units are specified

A review of the remaindzr of

dozurents

million.

3:.83r

ity PR

irdicates

that

all

pasticide and gorbicida concentration
sAimant Sanples Taksed from

pPaing Pasticides and
1575 Tarough 1378

Yeaarly Naan concantrations
1975 - 1978 (parts per milliom)’

Less than 0.06

Between 0.1 and 0.4
and Between 2.3 and 3.3
areas Between 0.25 and 0.5
Between 0.06 and 0.25
Between 0.50 and 0.75
and About 2.0
areas About 1.0
Less than 0.06
Between 0.2 and 0.4
and Between 2.2 and 3.3
areas Between 0.2 and 0.5
0.0
0.0
and petween 0.5 and 1.5
areas tess than 0.05
0.0
J.0
and Less than 0.21
areas Less than 0.051

in the pagas reporting these data.

the document and of other relevant
concentrations are 1n Pparts rer
C"‘AO 3 "nv,.:f:
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TABLE III

gvaluation of pesticida pistribution in
Beloected Componanis of tha Eavironment .
of Rocky Mountain Arsanal, 1575: Pesticide profile

concontration
Number of Nu=ber of Range (parts
gubstrate Banplas Pesticidas per millien) Hean
Soil 18 14 BDL?-294.33 12.%9
Sediment 7 4 BDL2-0.13 0.05
Fish 4 8 0.12-3.53 1.57

e

tspurce: 0l1ds et al., 1978

ction limits~--no pesticides were detected at the
abi1lity.
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gvalustion of pasticids
galectad Conponants of th
of RocXy Mountain nraanal,

pistridution in
s Pavizonment
19753

gwmrall

concentzations of Panticidaes

gnvironmantal Not
concentrationis)
componant ;xcmssivaz gucessive
Soil X
Pesticide Shop
orage X
tandfill X
Fesidential X
X

19738

1

scurce: Olds el al.,

wWaow

Zrhe following lavels
5.0 PP cediment above 0.1 PpM,

Ihis group includes D

123
Loterew. g2 C~6
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Major Pesticide(s):
naportadCancantraticn(s)

{(parts par million)

DDT group’
11.69

Chlordane
0.13

Dieldrin
1.120
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Seasonal report for site number 6.

Ammon, V. D. 1967-1968.
56-58. Rocky Mountain Arsenal.

Weed and insect control, pp.
Microfilm RMA180, Frames 0381-0440, at 0434-0436.
Memorandum for record. Insect

Asai, G. N. 1964, August 17.
Rocky Mountain Arsenal.

control program at site no. 6.
Microfilm RMAl181, Frames 0974-0975.

Visitation report. Fishery
United States

Bartschi, D. K. 1968, October 1.

Management Program, Rocky Mountain Arsenal.

Department of the Interior. Microfilm RFA00l, Frames 03187~

03380, at 0389.

Chenmical Corps. 1950, March 14. Planned progranm for standty

maintenance activities for calendar year 1950, pp. 2-4.

Microfilm RLAD06, Frames 1238-1232,

ﬁ:; Rocky Mountain Arsenal.
at 1239-~1241.

1945, August 15. History of

Cherical Warfare Service (CWS).
1937-1938.

Rocky Mountain Arsenal, vol. VI, part VI, pp.

Microfilm RS5A010, Frames 2037-2038.

1965 seasonal report. Site

196%, Octoker 29.
Microfilm

Rocky Mountain Arsenal.
at 0301, 0315-02317.

Clevenger, N. L.
ro. 6, pp. 4, 18-20.
PMAK1ED, Frames 0293-0320,

Ceordo, P. J. 1973, December 21. Memorandurn, with enclosures, %o
Corrander, Rocky Mountain Arsenal. Pesticide monitoring
Analysis of water sarples for pesticide residue.

progran:
Fort Baler,

United States Army Medical Laboratory,

California. Microfilm RMAQOEY, Frares 1010-1012.

3. 230
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with enclosures, to :
y

Cordo, P. J. 1974, April 23. Memorandunm,
Commander, Rocky Mountain Arsenal. Pesticide meonitoring

Analysis of a sediment sample for pesticide
United States

program:
residues and a water sample for heavy metals.
Fort Baker, California. Microfilm X

%

Army Medical laboratory,
RMA069, Frames 1007-100%9.

Letter to J. W. Mullan, Bureau

Donnelly, G. F. 1974, July 15.
of Sport Fisheries and Wildlife, United States Department of
Fish and Wildlife Service, Utah. Survey of Lake i
Department of the Army,
Frames 0459-0460.

Interior,

Mary at Rocky Mountain Arsenal.

Rocky Mountain Arsenal. Microfilm RFAO001,

Memorandum to Commander, United

Farlew, J. E. 1984, March 7.
States Army Materiel Development and Readiness Command,
Installation Pest Management Progra=n

A e T e .

Alexandria, Virginia.
16-66-0522-84
1984. United States Arnmy Environmental

Microfilm RAAOG4, Fraves

Review No. (ER), Rocky Mountain Arsenal,
February 22-29,
Hygiene Agency, Aurora,

2050-2058.

Colorado.

e

Seasonal operational report.

1964, September 1.
Microfiln

Flucke, E. E.
4, 23. Rocky Mountain Arsenal.

site no. 6, pp.
R¥A130, Frames 0196-281, at 0199, 022€.

Grodt, R. G. 1%79, Arril 27. Memorandum to Conmrmander, United
States Arry Materiel Development and Readiness Command,
Alexandria, Virginia. Installation Pest Managemesnt Progran
16-66-05390-~79, February
United States Army Environmental Hygiene Agency,

2t e
L T o Mt eyt

Review No. Rocky Mountain Arsenal,

7-8, 1979, \
Denver, Colorado. Microfilm RMAOS51, Frames 1287-1310, at ?
1361-1306. :
3:230r
D-~3 3 why, R
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Grodt, R. G. 1981, April 21. Memorandum to Commander, United
States Army Materiel Development and Readiness Command,
Alexandria, Virginia. 1Installation Pest Management Progra:x Q
Review No. 16-66-0581-81, Rocky Mountain Arsenal, March 30- ¢
April 1, 1981. United States Army Environmental Hygiene f

Agency, Aurora, Colorado. Microfilm RMAQS1, Frames 116%-
1174, at 1174.

Harbaugh, J. T. 1948, May 6. Memorandum to Commanding Cfficer.

Industrial hygiene and sanitation committee meeting. Rochy

Mcuntain Arsenal. Microfilm RSA017, Frame 0309.

Hastriter, M. W. and B. F. MclLaurin. 1976, June 22. Installation
Pest Management Program Survey No. €66-502-76, Rocky
Mountain Arsenal, October 6-9, 1975. United States Army
Environmental Hygiene Agency, Denver, Colorado. Microfilrn

RAAD62, Frames 1961-1979.

Heladay, XK. W. et al. 1944, Novenmber 18. Memorandum to

Commanding Officer. 1Industrial hygiene and sanitation
committee meeting, p. 3. Rocky Mountain Arsenal. Microfiln

RSAQ17, Frames 0364-036€, at 0366.

Johnston, L. 1974, December 19. Memorandun, with enclosure, to
Comrmander, Rocky Mountain Arsenal. Pesticide monitoring
program: Analysis of water and sediment samples for
pesticide residues. United States Army Environmental
Hygiene Agency, Regional Division, Fort Baker, California.

Microfilm RMAOL9, Frames 1022-1023.

Johnsten, L. 1976, August 3. Menmcrandum for record. Control of

prairie dogs and associated fleas, Rocky Mountain Arsenal.

Rocky Mountain Arsenal. Microfilm RMA101, Frames (Q207-02C%,

at 207.
i } Krenzer, P. J. and P. E. Morkovsky. 1966, October 19. Seasonal
N . .

report. Site no. 6, pp. 4, 13, 22. Rocky Mountain Arsenal.

Microfilm RMA180, Frames 0343%-035%3, at 0351, 0360, 0366.
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Memorandum, with enclosures, to

Larsen, J. H. 1974a, April 8.
Pesticide monitoring

Cormander, Rocky Mountain Arsenal.
Analysis of water samples for heavy metals.

program:
United States Army Medical laboratory, Fort Baker,

California. Microfilm RMAO69, Frames 1016-1018.

Memorandum, with enclosures, to

Larsen, J. H. 1974b, April 15,
Pesticide monitoring

Commander, Rocky Mountain Arsenal.
Analysis of water and soil samples for pesticide

' program:
Fort

United States Army Medical Laboratory,

residues.
Microfilm RMA053, Frames 0312-0314. e

Baker, California.

May 15. Memorandum, with enclosure, to

Larsen, J. H. 1974c,
Commander, Rocky Mountain Arsenal. Pesticide monitoring 3
i

Analysis of a water sample for pesticide residues.

programnm:
Fort Baker,

United States Army Medical lLaboratory,
Microfilm RMAO69, Frames 1005-1006,.

TR

California.

Menorandun, with enclosure, to

Larsen, J. H. 19744, May 22.
Pesticide monitoring

Commander, Rocky Mountain Arsenal.
Analysis of a water sample for heavy metals.

programn:
United States Army Medical Laboratory, Fort Baker, 3

Microfilm RMAO69, Frames 1002-1004.

California.

Memorandun, with enclosure, to

Larsen, J. H. 1974e, August 22.
Commander, Rocky Mountain Arsenal. Pesticide monitoring

Analysis of soil samples for pesticide residue.

oy

progran:
United States Army Medical Laboratory, Fort Baker,

Microfilm RMAQOE9, Frames 0990-09%1.

e R s s g

e

California.
Ledwell, C. A. 1959, October 26-27. Industrial Hygiene Survey

No. 3436531-59,/60. Building 543, p. 2. U. 5. Army
Army Chemical Center,

L T e e

Envircenmental Health Laboratory,
Maryland. Microfilm RAAO65, Frames 0171-0177, at 0172.
Pest control report, March 157¢.
Frames 2035-2030C.

Marlow, D. J. 1979a, April 4.

Rocky Mountain Arsenal. Microfilm RMAISZ,

3 may 885 ; 4
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Pest control report, April 1979.

Marlow, D. J. 1979b, May 10.
Microfilm RMA182, Frames 2028-2022.

Rocky Mountain Arsenal.

Pest control report, June 1975.

Marlow, D. J. 1979c, July 13.
Microfilm RMA182, Frames 2014-2019.

Rocky Mountain Arsenal.

1979d, August 17. Pest control report, July 19%79.

Marlow, D. J.
Microfilm RMA182, Frames 2068-2073.

Rocky Mountain Arsenal.

Pest control report, August
Microfilm RMAl182, Frames

Marlow, D. J. 1979e, September 14.

1979. Rocky Mountain Arsenal.
2062-~2067.

Pest control report, Septenker

1579f, October 12.
Microfilm RMA182, Frames

Marlow, D. J.
1979. Rocky Mountain Arsenal.

2054-2060.

Pest control report, October

197%g, Novenber 8.
Microfilm RMAl82, Franes

Marlow, D. J.
1979. Rocky Mountain Arsenal.

2058-2053.

Pest control report, Noverker

Marlow, D. J. 1979h, Decerber 12.
Microfilm RMAl82. Frames

1979. Rocky Mountain Arsenal.
2042-2047.

Pest control report, Decernber

Marlow, D. J. 1980a, January 10.
Microfilm RMAl82, Frames

1979. Rocky Mountain Arsenal.

1930-~1925.

Pest control report, January

Marlow, D. J. 1980b, February 7.
Microfilm RMA182, Frares

1980. Rocky Mountain Arsenal.
1937-1945.

Pest contrel report, Fekruary

D. J. 1980c, rebruary 13.
Microfilm RMA182, Frames

Marlow,
1980. Rocky Mountain Arsenatl.

1946-1951.

3 may, 995
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Marlow, D. J. 198043, April 15. Pest control report, March 1980.
Rocky Mountain Arsenal. Microfilm RMA182, Frames 1953-19%59.

Pest control report, April 1980.

Marlow, D. J. 1580e, May 9.
Microfilm RMA182, Frames 1961-156¢6.

Rocky Mountain Arsenal.

Pest control report, June 1980.

HMarlow, D. J. 1980¢f, July 14.
Microfilm RMA182, Frames 1968-1972.

Rocky HMountain Arsenal.

Marlow, D. J. 1%80g, August 6. Pest control report, July 198€0.
Rocky Mountain Arsenal. Microfilm RMAl82, Frames 1975-1980.

Pest control report, Septerber

Marlow, D. J. 1%80h, October 8.
Microfilm RMAl182, Frares

1980. Rocky Mountain Arsenal.
1985-19950.

Pest control report, October
Microfilm RMA182, FTrares

Marlow, D. J. 1980i, November 5.

1980. Rocky Mountain Arsenal.
1992-1997.

Pest control report, Noverker

. Marlow, D. J. 1980j, Decerber 8.
Microfilm RMAl82, Frares

1980. Rocky Mountain Arsenal.
1999-2004.

Pest control report, December

Marlow, D. J. 19%8la, January 8.
Microfilm RMA182, Frames

1980. Rocky Mountain Arsenal.

200€-2011,

Fest control report, February

Marlow, D. J. 1981b, March 5.
Microfilm RMA182, Frames

- W,

1981. Rocky Mountaln Arsenal.

1824-1829.

Pest control report, April 1981.

Mariow, D. J. 1981c, Hay 15.
Microfilm RMALIS2, Frames 1838~-183:.

Rocky Hountain Arsenal.
1581d, June 8. Pest control report, May 1981,

Marlow, D. J.
Microfilm RMAL182, Frames 185%-18é4.

Rocky Mountaln Arsenal.

3. 23
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Marlow, D. J. 198l1e, July 10. Pest control report, June 1931.
Rocky Mountain Arsenal. Microfilm RMA182, Frames 1866-1871.

Marlow, D. J. 1981f, August 5. Pest control report, July 19B1.
Rocky Mountain Arsenal. Microfilm RMA1E82, Frames 1873-1878.

Marlow, D. J. 1981g, September 3. Pest control report, August
1981. Rocky Mountain Arsenal. Microfilm RMA1B2, Frames

1880~1885.

Marlow, D. J. 1981h, October 5. Pest control report, Septenmber
1981. Rocky Mountain Arsenal. Microfilm RMAl182, Frames

1887-189%92.

Marlow, D. J. 1981i, November 2. Pest control report, OcCtober
1981. Rocky Mountain Arsenal. Microfilm RMA182, Franes
1894-186%9.

Marlow, D. J. 19813, December 2. Pest control report, Noverkter
1981. Rocky Mountain Arsenal. Microfilm RMA182, Frares

1501~190¢€.

Marlow, D. J. 1981%, December 30. Pest control report, Decerter
1981. Rocky Mountain Arsenal. Microfilm RMAIB82, Frames

1%15-192¢C.

Marleow, D. J. 1982a, January 27. Pest control repcrt, January
1982. Rocky Mountain Arsenal. Microfilm RMA182, Frames

1764-1769.

Marlow, D. J. 1982b, February 26. Pest control report, February

1982. Rocky Mountain Arsenal. Microfilm RMA182, Frames

1771-177¢£.

Marlow, D. J. 1%82c, April 12. Pest control report, March 19852,
1

Rocky Mountain Arczenal. Microfilm RMAI82, Frames 1778-1732.
3. 230
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Marlow, D. J. 1982d, June 1. Pest control report, May 1982.
Rocky Mountain Arsenal. Microfilm RMA182, Frames 1792-1797.

Marlow, D. J. 15382e, July 1. Pest control report, June 1882,
Rocky Mountain Arsenal. Microfilm RMA182, Frames 1799~1804.

Marlow, D. J. 1982f, August 2. Pest control report, July 1982.
Rocky Mountain Arsenal. Microfilm RMA182, Frames 1806~-1811.

Marlow, D. J. 1983a, January 5. Pest control report, Decenber
1982. Rocky Mountain Arsenal. Microfilm RMA182, Frames
1813~1814.

Marlow, D. J. 1983b, February 9. Pest control report, January
1983. Rocky Mountain Arsenal. Microfilm RMA182, Frames
1714-1715.

Marlow, D. J. 1983c, April 5. Pest control report, March 19€3.
Rocky Mountain Arsenal. Microfilm RMA182, Frames 1723-1725.

Marlow, D. J. 1983d, May 3. Pest control report, April 1983.
Rocky Mountain Arsenal. Microfilm RMA182, Frames 1732-17232.

Marlow, D. J. 1983e, June 2. Pest control report, May 1983,
Rocky Mountain Arsenal. Micreofilm RMA182, Frames 1734-1727.

Marlow, D. J. 1983f, July 1. Pest control report, June 1953.
Rocky Mountain Arsenal. Microfilm RMA182, Frames 1738-1739.

Marlow, D. J. 1983g, August 2. Pest control report, July 1982,

Rocky Mountain Arsenal. Microfilm RMAI82, Frames 1743-1744.

Marlow, D. J. 1883h, August 31. Pest control report, August
1923. Rocky Mountain Arsenal. Microfilm RMAl82, F
1740-1741.

3.230
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Marlow, D. J. 19831, October 3. Pest control report, September
1983. Rocky Mountain Arsenal. Microfilm RMA182, Frames
1746-1747.

Marlow, D. J. 19833, Novembar 9. Pest control report, October
1983. Rocky Mountain Arsenal. Microfilm RMA182, Frames

1749-1750.

Marlow, D. J. 1983k, November 30. Pest control report, Noverker
1983. Rocky Mountain Arsenal. Microfilm RMAl182, Frares
1751-1752.

Marlow, D. J. 1284a, January 3. Paest control report, Dacenter
1983. Rocky Mountain Arsenal. Microfilm RMA182, Frares

1760-1761.

Marlow, D. J. 1984b, January 31. Pest control report, January
1984. Rocky Mountain Arsenal. Microfilm RMA182, Frames

1710-1711.

Marlow, D. J. 1986, January 31. Disposition form to Chief,
Security Office, et al. Storage of pest control items.

Rocky Mcuntain Arsenal. Microfilm RMALI82, Frame 1677,

McDermott, F. E. 1981, March 23. Part 1I, Pesticide Monitoring
Special Study No. 17~44-0230-81: Review of the Departnment
of the Army pesticide monitoring program, evaluation of scil
and sediment samples collected during czlendar years 1975-
1978. United States Army Environmental Hygiene Agency,
Aberdeen Proving Ground. Microfilm RMACS]1, Frames 1189%-

1246.

MclLaughlin, J. et al. 19456, July 17. Memorandum to Commanding

u

n

Officer. 1In trial Hygiene and sanitation committes

a
meeting, p. 2. Rocky Mountain Arsenal. Microfilm RSAQYT,
9]

Frames 0245-034€, at 0345,

3:23zm
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Mitchell, X. D. 198§, March 21. Deposition transcript, vol. VI,
pp. 553-558, 562-564, 628. United States versus Shell 0il
Company, civil Action No. §3~-12~2379.

Mnookin, N. M. gt al. 194%, April 20. Memorandum to Commanding
General. Industrial hygiene and sanitation committee
meeting, p. 3. Rocky Mountain Arsenal. Microfilm RS5A017,
Frames 0352-0355, at 0354.

Mullan, J. W. 1975a, January 14. Annual project report, 1674
fishery management progran, Rocky Mountain Arsenal. Bureau
of Sport Fisheries and Wildlife. Microfilm RFA00C1, Frares
0362~0365.

vullan, J. W. 1975b, May 6. Trip report pertinent highlights,
April 23 through May 2, 1975. Microfilm RFA001, Frames
0452-0456.

Mullan, J. W. 1975c. Special project report. Fishery
management prograrm, Rocky Mountain Arsenal. United States
Department of the Interior, Fish and wildlife Service,
Vernal, Utah. Microfilm RFAJ01, Frames 0338-0361, at 0339~
0349.

clds, ¥. L., C. ¢. Roan, and R. T. Wangempann. 1978, May 19.
Pesticide Monitoring Special study No. 44-0158-78:
Evaluation of pesticide distribution in selected components
of the environrent of Rocky Mountain Arsenal, calendar year
1975. United States Army Environmental Hygiene Agency,
Aberdesen Proving Ground, Maryland. Microfilm RJA002, Frares

0162-0134.

Rocky Mountain Arsenal (RMA). 1952a, June. History of Rooky
Mountain Arsenal, April 1, 1952 through June 30, 1952.

Microfilm RMA122, Frames 1612, 1621.
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Rocky Mountain Arsenal (RMA). 1952b. History of Rocky Mountain
Arsenal, July 1, 1952 through September 30, 1952. Microfilx

RMA192, Frame 1930.

Rocky Mountain Arsenal (RMA). 1952¢c, Descember. History of Rocky
Mountain Arsenal, October 1, 1952 through December 31, 19%2,
P- 21 and 23. Microfilm RMA192, Frames 2029, 2060.

Rocky Mountain Arsenal (RMA). 1954. History of Rocky Mountain
Arsenal, July 1, 1%54 through September 30, 1954, p. 40.
Microfilm R5A007, Frame 0316.

Rocky Mountain Arsenal (RMA). 1955a. History of Rocky Mountain
Arsenal, April 1, 1955 through June 30, 1955, p. 24.
Microfilm RSACl2, Frame 1573.

Pcchy Mountain Arsenal (RMA). 195Sb. History of Rocky Mountain
o Arsenal, July 1, 1955 through September 30, 1955, p. 34.
Q@Q Microfilm RSA007, Frame 0719.
Rocky Mountain Arsenal (RMA). 1955c. History of Rocky Mountain
Arsenal, October 1, 1955 through Dezcember 31, 1955, p. 30.
Microfilm RMA193, Frame 1282.

Rocky Mountain Arsenal (RMA). 1956a. History of Rocky Mountain
Arsenal, July 1, 1956 through September 30, 1956, p. 25a.
Microfilm PSA014, Frame 0045.

Rocky Mountain Arsanal (RMA) 195%56b. History of Rocky Mountain
Arsenal, October 1, 1956 through December 31, 1956, p. 23.
am

Microfilm RSAD14, Frame 0135,

Rocky Mountain Arsenal (RMA). 1%57a. History of Rocky Mountain
Arsenal, January 1, 1957 through March 21, 1%8%7, p. 2%.
Microfilm RSAD14, Frame 0248.

3:230r
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Rocky Mountain Arsenal (RMA). 1957b. History of Rocky Mountain
Arsenal, April 1, 1957 through June 30, 1857, p. 27.
Microfilm RMA194, Frame 0244.

Rocky Mountain Arsenal (RMA). 195Ba. History of Rocky Mountain
Arsenal, January 1, 1958 through March 31, 1958, p. 24.
Microfilm R¥MA194, Frame 0431.

Rocky Mountain Arsenal (RMA). 1958b. History of Rocky Mountain
Arsenal, April 1, 1958 through June 30, 1958, p. 20.
Microfilm RMA194, Frame 0489.

Rocky Mountain Arsenal (RMA). 1958c¢. History of Rocky Mountain
Arsenal, July 1, 1958 through September 30, 1958, p. 27.
Microfilm RMA194, Frame 0563,

Rocky Mountain Arsenal (RMA). 1958d. History of Rocky Mountain
Arsenal, October 1, 1958 through December 31, 1958, p. 32.
Microfilm RMA194, Frare 0630.

Rocky Mountain Arsenal (RMA). 1959%9a. History of Rocky Mountain
Arsenal, January 1, 1859 through March 31, 1959, p. 38.
Microfilm RMA194, Frame 0702.

Rozky Mountain Arsenal (RMA). 19259t. History of Rocky Mountain
Arsenal, April 1, 195% through June 30, 1959, p. 28.
Microfilm RMA194, Frame 0762.

Rocky Mountain Arsenal (RMA). 1959c. History of Rocky Mounta:in
Arsenal, October 1, 1957 through December 31, 1957, p. 30.

Micrecfilm RMAl194, Frame 0924.

Rocky Mountain Arsenal (RMA). 1960a. History of Rocky Mountain
Arsenal, January 1, 1960 through March 31, 1960, p. 30.

Microfilm RMA194, Frame 0%90.

3: 23
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History of Rocky Mountain

) Rocky Mountain Arsenal (RMA). 1960b.
Arsenal, April 1, 1960 through Juns 30, 1960, p. 35.
Microfilm RMA194, Frame 1075.
1961. History of Rocky Mountain
1961, p. 35.

Rocky Mountain Arsenal (RMA).
October 1, 1961 through Dacember 31,

Arsenal,
Frame 1547.

Microfilm RMALI94,
History of Rocky Mountain

Rocky Mountain Arsesnal (RMA). 1962a.
1962, p. 30.

Arsenal, January 1, 1962 through March 31,

Microfilm RMA194, Frame 1618.
History of Rocky Mountain

Rocky Mountain Arsenal (RMA). 1862b.
Arsenal, April 1, 1962 through June 30, 1962, p. 35.
Microfilm RSA014, Frame 1843,

(RMA). 1962C. History of Rocky Mountain
1962, p. 29.

Rocky Mountain Arsenal
Octoeber 1,
Frame 1841.

Arsenal, 1962 through December 31,
{icrofilm RMA194,

History of Rocky Mountain

(RMA). 1976,
1976, p. 72.

1875 through September 30,
Frames 0543-0660, 0617.

Rocky Mountain Arsenal
Arsenal, July 1,
Microfilm RMA196,

Shaw, J. W. et al. 1944, May 22. Memorandum to Commanding
Officer. Industrial Hygiene and sanitation corrnittee
meeting, p. 1. Microfilm RSAOL7,
Frames 0373~-0375,

Rocky Mountain Arsenal.
at 0371.

Land management plan, pg.

D. L. gt al.
Rocky Mountain Arsenal. Microfilm RMAL150, Frames

at 0533, 053¢.

1977, January.

Shogren,
31, 34.

0484-0528,

Staff Meeting No. 70. Production

1922, June 23.
Microfilm RLADDT,

Smith, D. P.

Division, p. 2. Rocky Mountain Arsenal.
Frameg 2134-2137, at 2135.
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Sutherland, R. L. 1979, June 12. Pest control report, May 1979.
Rocky Mountain Arsenal. Microfilm RMA182, Frames 2020-2026.

Sutherland, R. L. 1980, September 4. Pest control report,
August 1980. Rocky Mountain Arsenal. Microfilm RMAlS2,

Frames 1982~1983.

Unauthored. 1968, August 29. Aguatic weed control on Lake Mary,
P. 2. United States Department of the Interior. Microfilr
RFAQ0D1, Frames 0462-0463, at 0463.

Unauthored. 1983, February. Pest control report, February 1983.
Rocky Mountain Arsenal. Microfilm RMA182, Frames 1716-1721.

Unauthored. 1984a, February. Pest control report, February
1984. Rocky Mountain Arsenal. Microfilm RMA182, Frane

1709.

Unauthored. 1984b, March. Pest control report, March 1584.
Rocky Mountain Arsenal. Microfilm RMA182, Frame 1708.

Unauthored. 19%984c, April. Pest control report, April 1584.
Rocky Mountain Arsenal. Microfilrm RMAl182, Frame 1707.

Unauthored. 1984d, May. Pest control report, May 1984. Rocky
Mountain Arsenal. Microfilm RMA182, Frames 1705-17056.

Unauthored. 1984e, August. Pest control report, August 1955,
Rocky Mountailn Arssnal. Microfilm RMA182, Frame 1702.

Unauthored. 1984f, September. Pest control report, Septenter
1984. Rocky Mountain Arsenal. Microfilm RMA182, Frames

1701.

Unauthored. 13843, October. Pest control report, October 1984

Rocky Mountain Arsenal. Microfilm RMALS82, Frame 1700.
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Pest control report, November

Unauthored. 1984h, November.
Microfilm RMAl182, Frames

QTD 1984. Rocky Mountain Arsenal.
1699.

Pest control report, January 1985.

Unauthored. 1985a, January.
Microfilm RMAl182, Frame 1686,

Rocky Mountain Arsenal.

ALt F

Pest control report, February

Unauthored. 1985b, February.
Microfilm RMA182, Franme Pr
j

1985. Rocky Mountain Arsenal.

1687.
1985c, March. Pest control report, March 1985.

Unauthored.
Microfilm RMAl82, Frame 1688.

Rocky Mountain Arsenal.

Pest control report, March 1985.

Unauthored. 1985d, March.
Microfilm RMA162, Frame 1689.

Rocky Mountain Arsenal.

Pest control report, May 1985. Rocky

Microfilm RMA182, Frame 16%0.

Unauthored. 1985e, May.
Mountain Arsenal.

S S

Unauthored. 1985f, June. Pest control report, June 1985, Rochky

Mountain Arsenal. Microfilm RMA182, Frame 169%91.
Unauthored. 1985g, July. Pest control report, July 1985. Rocky
Mountain Arsenal. Microfilm RMA182, Frame 1692.

R R e gty S 4 o a

Unauthored. 198%h, August. Pest control report, August 198:%.

Rocky Mountain Arsenal. Microfilm RMA182, Frame 1693.

Pest control report, September

Unauthored. 19851i,
1985. Rocky Mountain Arsenal. Microfilm RMA1B2, Frame v

September.

1694. |

October. Pest control report, October 1985,

Unauthored. 198573,
Microfilm RMAIB2, Frame 1695.

Rocky Mountain Arsenal.

AN

3 May 1620
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Pest control report, November
Microfilm RMAlB2, Frame

1985k, November.

Unauthored.
1985. Rocky Mountain Arsenal.

16%6.

United States Army Environmental Health Laboratory (USAEHL).
Industrial Hygiene Survey No. 2701356-57:

1957, July 12-17.
Army Chemical Center,

Facilities maintenance branch, p. 7.
Microfilm RAAQ6S, Frames 0178-0185, at 0184,

Maryland.
Industrial Hygiene Survey No.

August 9-11.
United States Army

Vining, J. F. 1961,
3865549-61/62. Building 544, p. 8.
Environmental Hygiene Agency, Army Chemical Center,

Maryland. Microfilm RAAOES, Frames 0469-0492, at 0476.
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