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1.0 STATISTICAL ANALYSES FOR CURRENT EXTENT OF CONTAMINATION IN BIOTA

1.1 UIiRQflUCIION

Nonparametric statistical methods were used for all analyses of tissue

concentration data because variances were consistently heteroscedastic and

markedly non-normal. The general analytical approach for each species was

the same in that a separate Kruskal-Wallis one-way ANOVA by ranks (Siegel,

1957) for each dependent variable (i.e., arsenic, mercury, aldrin, dieldrin,

endrin, DDE, and DDT) initially was used to evaluate if at least one

treatment group differed from the others. This preliminary analysis was

then followed by a set of hierarchical or orthogonal a priori contrasts that

were specific for the particular experimental design or species of concern.

The experimental design for each species is illustrated by a dendogram in

which compared groups (vertical lines) are united by a horizontal bar. The

results of the statistical analysis for each variable 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 substituting zero (0) for levels below

detection limits.

1.2 EARIHWOMS

RatLionale

Data were available for seven contaminants. Three sites (onsite controls,

offsite controls, and onsite contaminated areas) yielded specimens for

statistical analyses. A priori contrasts included a comparison of onsite

controls with offsite controls and a comparison of pooled controls with

onsite contaminated areas.

Results

Only comparisons for arsenic yielded significant differences (Figure B.l-l).

The preliminary ANOVA indicated significance differences among the three

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

of pooled controls with contaminated areas approached significance (0.10>

p > 0.05). Many potential differences between control and contaminated
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a
sites may have remained undetected because of low sample sizes, especially

for the contaminated site (n - 2).

1.3 GRASSE022ERS

Rationale

Specimens were categorized according to site of capture from two

contaminated areas (I - RMA Section 36, 2 - RMA Section 26) and two control

areas (3 w onpost control, 4 - offpost control). The hierarchical analyses

included (1) contrast of Section 36 with Section 26, (2) contrast of the

offpost control with the onpost control, and (3) contrast of the pooled data

from control sites with the pooled data from contaminated sites. Sample

sizes were small for each of the four groups. Data for all seven

contaminants were available for analysis.

Results

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

( failed to yield any significant differences. In 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 contaminated and pooled

control sites. Significant differences in levels of aldrin were detected in

the preliminary ANOVA as well as between contaminated sites; significance

was approached (0.10 > P > 0.05) for a difference between pooled

contaminated and pooled control sites. Significance was obtained for all

comparisons of dieldrin levels, except that between onpost and offpost

controls. For endrir, differences among sites were significant among the

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

contaminated rites.

1.4 MALLAZDS

•a.Llonaie

Specimens were categorized into six groups according to age (egg, fledgling,

adult) and site (contaminated and control). Four a priori contrasts were

)i conducted and included (1) eggs from control versus contaminated sites, (2)

fledglings from control versus contaminated sites, (3) adults from control

B-8
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versus contaminated sites, and (4) among age class comparisons in which the

sites were pooled.

Results

Data were available for all 7 dependent variable except arsenic. The

results of the Kruskal-Wallis ANOVAs for each variable are presented in

Figure B.1-3. For mercury, highly significant differences existed among the

six treatment groups, and the a priad. contrasts Identified 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, significant 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 combined for

each age group, no differences were detected among age groups. Although

none of the statistical tests for DDE revealed significant 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 priori contrasts

of control and contaminated sites for eggs. and the comparison among age

grcups when sites were combined. Aldrin, endrin, and DDT were never

detected in any tissues and all statistical comparisons were nonsignificant.

1.5 2HEASANI

RatiQnalz

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 obtained, especially from control areas (maximum n - 2). A

priori 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) ccmparlsons among the three age classes regardless

of site of capture. Data were available for all s-ven contaminants.
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0
Results

Statistical results are summarized in Figure B.1-4. No significant

differences in levels of mercury, aldrin, endrin, DDE, or DDT were obtained

for any contrasts. Although no significant differences in levels of arsenic

Figure 8.1-3 were detected between control and contaminated sites within any

of the three age groups, significant differences were revealed among age

groups, as well as in the preliminary ANOVA. In contrast, significant

differences between control and onpost sites for eggs and for fledglings

(but not for adults, probably due to small sample sizes) were obtained for

dieldrin. The preliminary ANOVA was also significant for dieldrin.

1.6 COITQNIAILRABBITS

Rationale

Specimens were obtained from one contaminated area (1 - RMA Section 36) and

from two control sites (2 - onpost control and 3 - offpost control). A

priori contrasts included comparison of onpost and offpost controls, and

comparisons of pooled controls with the contaminated site. Contaminant

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

Results

Statistical results are summarized in Figure B.1-5. No significant

differences were obtained for any comparison of arsenic, mercury, aldrin, or

endrin. Significance was approached (0.10 > p > 0.05) in the preliminary

comparison of dieldrin levels among the three groups; the a priori contrast

between pooled control sites and the contaminated site was significant.

1.7 DEER

Rationale

Levels of contaminaticn for arsenic, mercury, aldrin, dieldrin, and endrin

were obtained from muscle and liver of specimens from contaminated sites and

offpost control sites. Data were analyzed separately for liver and muscle

to avoid problems of psuedoreplication (a liver and muscle sample was

analyzed from each specimen). Moreover, a pziQri contras s were not

conducted because only two groups were distinguished in each analysis.

B-14
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Results

Statistical results are summarized in Table B.1-i. No significant

differences in levels of contamination 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 liver of deer.

1.8 ERAIRIEDOGS

Rationale

Specimens were categorized by site and season, three samples represented

control areas (i.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 PMA Section 36 - 4, winter toxic

yard - 6). The a priori contrasts included (1) comparison of summer and

winter RMA 36, (2) comparison of pooled RMA data with the toxic storage yard

data (3) comparison of winter and summer onpost controls (4) comparison 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 statistical analysis.

Results

Statistical results are summarized in Figure B.1-6. Comparisons for

mercury, aldrin, and endrin failed to yield any significant differences.

Similarly, none of the comparisons for arsenic were significant% however,

significance was approached (0.10 > p ) 0.05) for the comparison of pooled

control sites with pooled contaminated sites. In contrast, all comparisons

were significant for dieldrin.

1.9 AMKEICANKSIREL

Rationale

Specimens were categorized by site of collection (I - contaminated sites on

RMA and 2 - offpost control areas) and age (egg or fledgling). A priori

contrasts included (1) comparison of eggs from control and contaminated

sites, (2) comparison of fledglings from control and contaminated sites, and

(3) comparison of eggs to fledglings regardless of site of collection. Data

were available for all contaminants except arsenic.
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Table B.I-l. Statistical Analyses of Contaminat!on 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
source.

-- -- - -- -Muscle _.- - - - - - - - - - - LiYer - - - - - - -

.Conro --------------.... .. ... Control ....

T Sy N T Sy N T S7 V T S7 N

Arsenic 0 0 14 0 0 2 0 0 14 0 0 2
Mercury .001 .001 14 0 0 2 0 0 14 0 0 2
Aldrin 0 0 14 0 0 2 0 0 14 0 0 2
Dleldrin 0 0 14 0 0 2 .013 .013 14 0 0 2
Endrin 0 0 14 0 0 2 0 0 14 0 0 2

- Mean

S7 - Square of Mean
N - Sample Size

Source: ESE, 1988.
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Resuls

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, significance from the preliminary comparison of

the four groups Is partially resolved by the a priori contrasts in which

differences between control and contaminated sites were detected for eggs as

well as for fledglings.
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1 2.0 STATISTICAL ANALYSES FOR CaNTAMINATION EFFECTS

2.1 INITROUCIIQU

This section is designed to briefly explain the results of statistical

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 in tabular form and appended to the text, and (3) remarks as to the

conclusions derived from the statistical analysis.

2.2 SNAILS

Rdtionale/
Although snail densities and total weights 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 snail density or snail weight. In lieu of the

more powerful factorial approach, a separate one way ANOVA comparing snail

density cross sites was calculated for each year. Similarly, a separate one

way ANOVA comparing total snail weight across sites was calculated for each

year. For each of the two dependent variables, more powerful orthogonal a

priori tests were conducted that compared the controls to each other

(Wellington A versus B in 1986, and Wellington 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. Again, ANOVA and the orthogonal

a priori contrasts are considered to be robust with respect to deviations

from homoscedasticity. Nonetheless, the very highly significant

heteroscedasticity detected by the Fmax Test Is of considerable concern: as

such, Kruskal-Wallis one way ANOVA by ranks and associated non-parametric

orthogonal a priori contrasts were conducted as a fail safe measures.

In order to control for the possible confounding effects on snails of

differences among samples in temperature, pH, and vegetation weight

(referred to as covariates hereafter), each of these three factors was used

as an independent variable in a multiple regression for snail density in
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1986, snail density in 1987, total snail weight in 1986, and total snail

weight in 1987. The residuals from each of these four analyses were saved

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

and ANOVAs.

Results

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 snail density in 1986, snail density In 1987, total snail

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

Remarks

Variances were very highly heteroscedastic 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-Wallis one way ANOVA by ranks (for both usual and residual

)ANOVAs).

o Density 1986--The significant 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 contaminated sites as a group (Table B.2-1).

Although the covariates significantly affected snail density,

similar differences among sites persisted In the ANOVA by ranks on

the residuals, with the exception that mean values among the

contaminated sites were indistinguishable.

o Density 1987--The significant 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 contaminated sites as a group (Table B.2-2).

Although the covariates significantly affected snell denstty, similar

differences among sites persisted In the ANOVA by r3nks on the

residuals, with the exception that mean differences between control

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

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 Briari 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 Tests Except Where
Noted by 1, in Which Case the Non-parametric Test was Significant at p < 0.001.

Below--Descriptive Statistics.

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 NS1

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

Fmax test of homoscedasticity: Fmax - 27,996.4; 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 258.900 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 Value
KW - Test Statistic From a Kruskal-Wallis One Way ANOVA by Ranks
N - Sample Size

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

Density, 1987.

Above--One Way ANOVA and Orthogonal A Rriar. Comparisons of Snail Density Among the
Seven Treatment Croups (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 was Significant at p < 0.001.

Below--Descriptive Statistics.

------- -------------- AOA-----------A Q
Source of Variation DF SS MS F KW 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 NS1

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

Fmax test of homoscedasticity: Fmax - 6,424.6; DF - 9,6; P << 0.000.

Treatment Mean N Variance Standard Error

Controls
Wellington A 428.100 10 80,237.211 89.575
Wellington B 36.300 10 434.011 6.588

Contaminated
Lake Mary 43.000 10 5,417.333 23.275
Gun Club 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 Value0 KW - Test Statistic From a Kruskal-Wallis One Way ANOVA by Ranks
N - Sample Size

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

Snail Weight, 1986.

Above--One-Way ANOVA and Orthogonal A Eriari Comparisons of Total Snail Weight Among
the Seven Treatment Croups (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 ( 2 indicates p < 0.001; and 3 indicates 0.01 > p ) 0.001).

Below--descriptive statistics.

S ... ... A•iOYA_

Source of Variation DF SS MS F KW Significance

Among 6 106.08 17.813 3.605 49.885 0.01 ) p > 0.0012

Between Controls 1 17.47 17.466 3.535 8.698 NS2

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

Fmax test of homoscedasticity Fmax , 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
Cun 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 Statistic From a Kruskal-Wallis One Way ANOVA by Ranks
N - Sample Size

Source: ESE, 1988
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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 r-Iori Comparisons of Total Snail Weight
Among the Seven Treatment Groups (NS, Not Significant with p > 0.05).
Significance of Non-parametric Tests, If Different from the ANOVA, are Indicated
by Numeric Superscripts ( 2 indicates 0.01 > p ) 0.001).

Below--Descriptive Statistics.

-------------- ANOYA --- --
Source of Variation 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 NS2

Controls vs. Contam. 1 21.228 21.288 37.177 28.585 0.001 > p

Within 63 35.951 0.571

Total 69 67.499 0.977

Fmax test of homoscedasticity Fmax - 1,100.0; DF - 9,6; 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 0.130 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
KW - rest StatLstics a Kruskal-Wallis One Way ANOVA by Ranks

N- Sample Size

Source: ESE, 1988
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0 Weight 1986--The significant 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 contaminated sites as a group (Table B.2-3).

Although the covariates significantly affected total snail weight,

similar differences among sites persisted 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 ANOVA by ranks on the

residuals, with the exception that an additional difference

between controls was revealed.

2.3 GRASSlQE•_•NSIIY

RaiLcnale

Mean grasshopper 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

heterogeneity among group vlriances using untransformed (X2 - 77.420;

DF - 2: p >> 0.05) or square root transformed data (X 2 - 27.980: DF - 2:

p )> 0.05), the ANOVA is robust with respect to heteroscedasticity. A

logical sequence of a priori comparisons [comparing onpost and offpost

controls, then comparing combined controls (both onpost and offpost) to the

contaminated 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 parametric and non-parametrIc results agree. then one

can be confident of the statistical interpretations, regardless of the

inherent assumptions of the two kinds of analyses.

(. Differences in time of day, temperature, and floral characteristics (height

and density) associated with each of the quadrats could have a confounding

affect on grasshopper density beyond that directly associated with the
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staZistical treatments described above. The effect of all four of these

variables were statistically removed via multiple regression analysis, and

the residual variation subjected to analyses that were analogous to those

described above.

Reaults

Table B.2-5 contains the results of parametric and non-parametric ANOVA, a

priori tests, and descriptive statistics on the untransformed data;

Table B.2-6 contains the results of :he multiple regression analysis, as

well as the parametric and non-parametric ANOVA and a priori tests on the

residuals from the multiple regression analysis.

Remarks

The overall ANOVA, as well as each of the a priori comparisons, were non-

significant, indicating a lack of treatment effect on mean grasshopper

density for the untransformed data as well as the residuals. The

Q differences in degrees of freedom between analyses of untransformed data and

tesiduals occurs because floral characteristics were not available for all

the data, effectively reducing sample sizes for analyses involving the

residuals from the multiple regression analysis.

2.4 EARIHWQ•_&DENSITY

Ratianale

Estimates of worm density from three sites (Barr Lake Control, N-4; Section 5

Control, N-5; and South Plant Contaminated, N-5) were statistically compared

using a hierarchical set of orthogonal comparisons via the ANOVA (and a

priori comparisons) as well as via non-parametric Kruskal-Wallis one way

ANOVA by ranks. Controls were first compared to each other, then the

controls as a group were compared simultaneously. Although the parametric

tests are robust with respect to moderate deviations from honioscedasticity,

Bartlett's Test indicated heteroscedasticity (p < 0.05), and the non-

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

Results

Table B.2-7 contains 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.

----------------------------AOA -----
Source of Variation 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 homoscedasticity: 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
Offpost 2.800 10 4.178 0.646

KW - Test Statistic From Kruskal-Wallis One Way ANOVA by Ranks
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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Table B.2-6. Multiple Regression Analysis of Grasshopper Density and Analysis of

Residuals From the Multiple Regression An?.lysis.

Above -- Multiple Regression Analysis of Grasshopper Density as a Function of
Time, Temperature, Vegetation Height, and Vegetation Density (- Model). Multiple
R2 of the Model was Low (0.128); Simple Correlations with Grasshopper Density by
Time, Temperature, Vegetation Height, and Vegetation Weight were 0.007, 0.064,
-0.070, -0.343, Respectively.

Below -- One Way ANOVA and Orthogonal A EzioU Comparisons of Grasshopper Density
Among the Three Treatment Groups. Statistical Results av3 Identical for
Both Parametric and Non-parametric Tests.

Source of Variation DF SS MS F Significance

Model 4 766.3 191.58 1.32 NS
Error 36 5228.5 145.24
Total 40 5994.8 1;9.87

----------- ANO A - -
Source of Variation DF SS MS F KW Significance

Among 2 575.3 287.67 2.35 1.877 NS
Between controls 1 202.0 202.03 1.65 0.314 NS
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

KW - Test Statistic From Kruskal-Wallls One Way AI4OVA by Ranks
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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Table B.2-7. Statistical Analysis of Earthworm Density

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

Below--Descriptive Statistics.

Source of Variation DF SS MS F KW Significance

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 0.01 > p ) 0.001
Control vs. Contams. 1 2,820.5 2,830.46 25.90 4.049 0.05 > p ) 0.01

Within 11 1198.2 108.93

Total 13 10379.2 798.40

Bartlett's Test of Homoscedasticity: X2 
- 8.691t DF - 2; 0.01 < p < 0.05.

Treatment Mean N Variance 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 Slgnificant with p ) 0.05
N - Sample Size
DF - Degrees -)f Freedom

SS = Sum of Squares
MS - Mean SquL,;e
F - F Value

Source: ESE, 1983.
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%emark~s

Results of non-parametric and parametric tests were in agreement for all

analyses. The overall sLgnificant 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 ACEIYLCHQLINESITRASX-AAChELACIIYIII

2.5.1 PRAIRIE DOGS

Rationale

Specimens were obtained from four locales (Sections 36, 31, onpost control

and offpost control), each of which constitutes a statistical treatment

group. Sections 36 and 31 are contaminated sites 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 priori tests were

conducted to compare the two controls to each other, the two contaminated

sites to each other, and the combined control sites to the combined

contaminated sites. Although the ANOVA and a priori tests were relatively

robust with respect to Inequality of variances (heteroscedasticity) for the

statistical treatment groups, many a posteriori 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 < 0.05),

hence the SNK test was used to make all possible comparisons among treatment

groups. Although less powerful than either ANOVA or a priori tests, the SNK

test does facilitate particular pair-wise comparisons that the other two

analyses cannot evaluate.

Results

Table 8.2-8 contains the descriptive statistics and results of the ANOVA,

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

Remarks

The ANOVA clearly detected the existence of at least one group with a mean

1evel of AChE that differed from the others (p < 0.01). Moreover, the a

priori tests detected significant differences between the two control sites
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Table B.2-8. Statistical Analysis of AChE Activity In Prairie Dogs.

Above--One Way ANOVA and Orthogonal A Er•iao Comparisons of AChE Activity Among
Four Treatment Groups.

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

Source of Variation 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 > p > 0.01
Control vs. Contam. 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 homoscedasticity: X2 
- 5.636; DF - 3; P > 0.05.

0 ----- - --- ------- -

Treatment Mean N Variance Standard Error

Contaminated
Section 31 1 0 .6 9 0a 5 2.304 0.679
Section 36 1 3 . 6 7 8ab 14 3.870 0.526

Control
Onpost 1 4 . 0 9 0ab 12 3.901 0.570
Offpost 1 6 . 4 5 0 b 8 12.200 1.235

SN - Sample Size
DF - Degrees of Freedom
SS - Sum of Squares
MS - Mean Square
F - F Value

Source: ESE, 1988
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(p < 0.05). between the two contaminated sections (p < 0.05), and between

control sites as a group and contaminated sections as a group (p < 0.01).

The only additional information provided by the results of SNK Test is that

prairie dogs from contaminated Section 31 and the offsite control exhibited

statistically different levels of AChE as well.

2.5.2 COTTONTAIL RABBITS

*aLionale

AChE activity in rabbits 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 Section 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 site, 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 poaser•ori tests were not

performed on the data because the more powerful ANOVA failed to detect

significant differences among groups.

Resulta
Table B.2-9 contains the descriptive statistics, the result of Bartlett s

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

R:makse

Both the ANOVA and a priori comparisons failed to detect any mean

differences among treatment groups.

2.5.3 MALLARDS

Rationale

AChE activity in mallards was evaluated from two sites. The samples from

all contaminated sites were combined as a single group (N 9 9) and compared

to those from the offpost control (N - 6) via a one way ANOVA. Neither a

priori nor a posteriaoi tests were conducted because the number of groups

Sequalled two.
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Table B.2-.9. Statistical Analysis of AChE Activity In Cottontail RabbitsAmn3

Treatment Groups.

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

Source of Variation DF SS MS F Significance

Among 2 2.48 1.24 1.10 NS
Control Onpost vs Offpost 1 2.48 2.48 1.10 NS
Control vs Contain. 1 0.00 0.00 0.00 NS

Within 19 21.40 1.13

Total 21 23.88 1.14f Bartlett's test of hoinoscedasticity: X2
-1.575; DF 2; P > 0.05.

Treatment Mean N Variance Standard Error

Contaminate., 11-248 8 0.757 0.308

Control
Onpost 11.733 6 1.958 0.571
Offpost 10-882 8 0.901 0.336

NS - Not Significant with p > 0.05
N - Sample Size
DY - Degrees of Freedom
SS - Sum of Squares
MS - Mean Square
F - F Value

Source: ESE, 1988.
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Results

Table B.2-10 contains the result of the ANOVA as well as descriptive

statistics.

Remarks

The ANOVA Indicated that evidence for mean differences between contaminated

and control groups was not present in the data, the low degrees of freedom

(V - 1.13) combined with the level of significance (p - 0.149) suggest that

with larger samples sizes, true differences might be forthcoming.

2.5.4 PHEASANTS

Rationale

AChE activity 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. Neither a

priori nor a posteriori tests were conducted because the number of groups

equalled two.

Results

Table B.2-11 contains the result of Bartlett's Test for homogeneity of

variances, the ANOVA, and descriptive statistics.

Remarks

The ANOVA indicated that evidence for a mean difference between contaminated

and control groups was not present in the data.

2.6 BRI1R1E_DCf_DlSIIY

Rationale

Counts of orairie dog density 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 sections that constituted the contaminated

groups were not the same In both seasons. As a result, two-way ANOVA could

not be performed. Nonetheless, a one way ANOVA with a priori contrasts,

designed to take into account season and contamination status, provided a

powerful method of detecting differences among groups. The first level of
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Table B.2-10. Statistical Analysis 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 - 1; P ) 0.05.

Treatment Mean N Variance Standard Error

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
SS - Sum of Squares
MS - Mean Square
F - F Value

Source: ESE, 1988.
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"Table 8.2-11. Statistical Analyses of AChE Activity in Pheasants

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

Below--Descrlptive Statistics.

Source of Variation 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 homoscedasticlty: X2 
- 1.914; DF - 1; P ) 0.05.

Treatment Mean N Variance Standard Error
---- Contaminated 21.765 6 12.340 1.434

0 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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0 the hierarchical division of groups is between summer and winter census

data. Within winter, combined controls (west and east) were compared to

central sites (contaminated Plot 21 and 22 plus uncontaminated but adjacent,

Plot 24 and 23). Within 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 sections were compared to each other.

Results

Table B.2-12 contains the results of th'2 ANOVA, orthogonal a priori

contrasts, and descriptile statistics.

Remarks

Bartlett's Test indicated that the variances of the treatment groups were

homoscelastic. 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. Nonetheless, none of the

orthogonal comparisons yielded significant differences, indicating that mean

prairie dog densities did not differ among the six sites to any detectable

degree beyond chance expectations. A posteriori tests were not conducted

because they would be less powerful than the ANOVA (which did not detect any

mean group differences).

2.7 AE•ICANESIRELSIUDI

Rationaie

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. Both parametric and non-parametric statistics were

performed.

Results

Table B.2-13 contains the results of the ANOVA, Kruskal-Wallis ANOVA, and a

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

Above--One Way ANOVA and Orthogonal A £rIarl Comparisons of Prairie Dog Density
Among Six Treatment Croups

Below--Descriptive Statistics.

,-

"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
Control vs Others i 23.8 23.82 0.18 NS

Winter
Control E vs W 1 50.0 50.00 0.37 NS
Control vs Central 1 160.2 160.17 1.174 NS

Within 25 3,410.3 136.41

Total 30 4,155.9 138.53

Bartlett's test of homoscedasticity: X2 - 4.354t DF - 5; P > 0.05.

Treatment Mean N Variance Standard Error

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 19.667 6.513
Control W 23.500 4 303.000 8.703

NS = Not Significant with p 0.05
N - Sample Size
DF - Degrees of Freedom

SS - Sum of Squares
MS - Mean Square
F - F Value

2 Source: ESE. 1988.
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Table B.2-13. Statistical Analysis 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 Cores (Y) NS N NS **

S x Y NS NS NS NS

A priori (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. 83 vs. 86 NS * NS *

K-W ANOVA: Source
Among site-yr combos NS @ NS

A priori (NONPARAMETRIC)
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. 83 vs. 86 NS * NS

NS - Not Significant.

. - p<O.05.

•*- p<O.01

@ - Near Significant (0.100)p>0.050)
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3.0 STATISTICAL ANALYSES FOR AQUATIC CONTAMINANTS

3.1 RAIIOiALE

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

for contaminant differences among RMA lakes, among aquatic species, and

among tissue types within species. In 1988, objectives were similar except

that samples were taken from only one RMA lake, Lower Derby Lake, and

compared with samples taken from one offsite lake, McKay 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 aquatic 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 combinations of lakes,

species, and tissue types. To accomplish this, numerous pair-wise

comparisons were performed. These tests are referred to in the text as

"secondary tests.- Problems with the second approach involved smaller

sample sizes and a lack of independence among some tests. As an example of

the latter, data for fillets and remains 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 basis for assessing

statistical differences because of the greater generality provided by

nonparametric test (compared to parametric tests) and:

o To avoid problems of well-documented heteroscedasticity in the

data (including where treatment cells have zero variance because

all samples are below the CRL):

o To avoid 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 (i.e., all below CRL values

would be tied at the lowest rank in KW tests); ard

0 o To avoid criticism of treatment cells which appear markedly non-

normal.
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0
In the majority of cases (13 of 16 tests) the data were either

heteroscedastic (p < 0.05) or a treatment cell had zero variance.

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 variance, and small sample sizes with non-normal

appearing distributions argue for reliance on the nonparametric results.

The Kruskal-Wallis nonparametric ANOVA has a 95% asymptotic power efficiency

compared to the parametric test (when its assumptions are valid), and the

levels of significance for both approaches are similar throughout. As a

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

In addition, 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 9') percent

level (0.05 < p < 0.1) is said to be "approaching significance." Fmax tests

of homoscedasticity were performed for all analyses.

3.2 RXSULISAflDDISCUSSIOII

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 additional

secondary tests with only nonsignificant results. p

Sample sizes of the treatment groups varied from two to six: as a result,

statistical power was low. Large group differences are required to produce

significant analyses. In many cases, a lack of signlficance may be an

artifact of sample size rather than an indicator of no treatment effect.

Inconsistent (or nonparallel) data collection between levels of the possible

treatment factors (years, lakes, species, tissues) 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 errors and sample size) for

analytes (A, mercury: B, dieldrin; and C, DDE) involved in previous statistical

analyses.

---- -- ---------- -------------- -------
BLUEGILL LARCEMOUTH BASS NORTHERN PIKE

LAKE--------------------------------------------- 
-- - --- ------

WHOLE REMAIN FILLET WHOLE REMAIN FILLET WHOLE REMAIN FILLET

------------------ -------------------------------------- ----------------- 
------------

A. MERCURY

MEAN 0.050 0.054 
0.406

S.E. 0.000 0.004 
0.064

N 3 3 
3

LAflQRA1-L98LI

MEAN 0.084 0.182 
0.330

S.E. 0.020 0.049 
0.040

N 2 3 
3

MEAN 0.074 0.083 0.074 0.075

S.E. 0.014 0.016 0.015 0.025

N 6 3 3 2

MEAN 0.063 0.250 0.359

S.E. 0.007 0.025 0.062

N 6 5 5

MCKAILIHBBI

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 5
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Oi Table B.3-1 (continued)

BLUEGILL LARCEMOUTH BASS NORTHERN PIKE
LAKE- ----- - -- -- -- - -- -

WHOLE REMAIN FILLET WHOLE REMAIN FILLET WHOLE REMAIN FILLET

C. DDE

MEAN 0.094 0.593 0.329
S.E. 0.000 0.152 0.101
N 6 5 5

m1cKAY-m9an

MEAN 0.094 0.094 0.094 0.094 0.094
S.E. 0.000 0.000 0.000 0.000 0.000
N 2 5 5 5 5

D. ALDRIN
2

MEAN 0.020 0.020 0.033 0.005
s.E. 0.000 0.006 0.005
N 5 1 5 5

i [ NCKALL12BaŽ

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

I Values for whole tissue samples of Mercury in 1988 for Bass In Lake McKay, and

Bluegill 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,
species, or tissue type. No statistical tests were performed on these data and
descriptive statistic were similarly not reported In tabular form since sample means
(0.094) and sample standard errors (0.000) would be equal.

3 Although data were collected on aldrin in 1986, all sample values were the CRL
(0.020) regardless of lake, species, or tissue type. No statistical tests were
performed on these data and descrlptlve statistic were similarly not reported In
tabular form since sample means (0.020) and sample standard errors (0.000) would be
equal.
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Table B.3-2 Results of one-way (Lake Derby versus Ladora) parametric and
nonparametric (Kruskal-Wallis one-way analysis of variance by ranks - KW) ANOVA on
analytes (A, mercury; and B, dieldrin) for pike fillets in 1986.

SOURCE DF MS F SIGNIFICANCE K-W SIGNIFICANCE

A. MERCURY

LAKE 1 0.007 0.749 0.451 0.351 0.554
WITHIN 3 0.009

"V"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 Results of one-way (bluegill versus largemnouth bass) parametric and
nonparametric (Kruskal-Wallis one-way analysis of variance by ranks - KW) ANOVA on
analytes (A, mercury; and B, dieldrin) for Lake Mary fillets in 1986.

SOURCE DF MS F SICNIFICANCE K-W SICNIFICANCE

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 0.667- 0.414
WITHIN 3 0.000

DF - Degrees of Freedom
MS - Mean Square
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Table B.3-4 Results of one-way (remains versus fillets) parametric and nonparametric
(Kruskai-Wallis one-way analysis of variance by ranks - KW) ANOVA on analytes (A,
mercury; B, dieldrin; and C, DDE) for bluegill from Lake McKay In 1988.

SOURCE DF MS F SIGNIFICANCE K-W SIGNIFICANCE

A. MERCURY

TISSUE 1 0.016 4.523 .0-00 3.153 0.076
WITHIN 8 0.003

tTOTAL 9

B. DIELDRIN

TTSSUE 1 0.000 --- 1.000 0.000 1.000
WITHIN 8 0.000UTOTAL 9
C. ODE

TISSUE 1 0.000--------------1.000 0.000 1.000
WIQTHIN 8 0.000

DF - Degrees of Freedom
MS - Mean Square
@- Near Significance (0.100 > p )0.050)
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(7O Table B.3-5. Results of two-way (lakes -- Derby versus Ladora versus McKay; species --
largemouth bass versus bluegill) parametric ANOVA (including a priari tests) and
hierarchical nonparametric Kruskal-Wallis 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 BLUECILL 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 X S 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
LARCEMOUTH 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 BLUECILL 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
L X S 2 0.001 0.626 0.548
WITHIN 15 0.002

GROUPS 8.667 0.123
LAKES WITHIN BASS 0.461 0.794
LAKES WITHIN FILLETS 3.103 0.212
LARCEMOUTH BASS VERSUS 5.284 0.071 @

BLUECILL

DF - Degrees of Freedom
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 hierarchical nonparametric Kruskal-Wallis one-way

ANOVA by ranks (KW) on analytes (A, mercury; B, dieldrin; C, DDE; D, aldrin) for

largemcuth bass in 1988.

~~----------------- --- --------- ----------- ------------------- 
--------------------------

SOURCE DF MS F SIGNIFICANCE 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

L X T 1 0.002 0.322 0.578

WITHIN 16 0.006

GROUPS 
14.657 0.002 **

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

" "G GROUPS 3 0.295 8.321 0.001

LAKES (L) 1 0.616 17.367 0.001

TISSUES (T) 1 0.135 3.798 0.072

L X T 1 0.135 0.135 3.798

WITHIN 16 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

L X T 1 0.087 2.095 0.136

WITHIN 16

GROUPS 
14.657 0.002 **

BETWEEN LAKES WITHIN REMAINS 
6.818 0.009 *

BETWEEN LAKES WITHIN FILLETS 
5.741 0.016

FILLETS VERSUS REMAINS 
2.286 0.131
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Q~ Table B.3-6 (continued)

SOURCE DF MS F SIGNIFICANCE K-W SIGNIFICANCE

------------------------------------------- 
--------

D. 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

L X T 1 0.00009 1.260 0.156

WITHIN 16 0.00007
10.038 0.018 *

GROUPS 5.538 0.019 *

BETWEEN LAKES WITHIN REMAINS 1.000 0.371

BETWEEN LAKES WITHIN FILLETS 1.935 0.164

FILLETS VERSUS REMAINS 1.93- 0.- --

--------------------- ------------------------ 
--------

DF - Degrees of Freedom
MS - Mean Square

-- Significant (p <0.05)

• - Highly significant ( p <0.01)

B-58



0 ble B.3-7. ABOVE Results of two-way (lakes--Derby versus McKay; specieE--Largeinouth
_.dss versus Bluegill) parametric ANOVA (including a priari tests) and hierarchical

7 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 dieldrin and
DDE for whole tissues In 1988.

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 2.243 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
L X S 1 0.068 18.226 0.000
WITHIN 21 0.004

D ROUPS 14.162 0.003~*

./AKES WITHIN BASS 6.587 0.010**
kKES WITHIN BLUEGILL 2.613 0.106

6ASS VERSUS BLUEGILL 6.311 0.102*

B. DIELDRIN

LAKES 1 0.002 i.801 0.201 2.018 0.155
WITHIN 6 0.001
TOTAL 7

C. DDE

TISSUE 1 01000 1.000 0.000 1.000
WITHIN 6 0.000
TOTAL 7

*DF -Degrees of Freedom
MS -Mean Square

F -one-way ANOVA results
P -significance of F to t-test results

KW -Kruskal-Wallis results
P(KW) -significance of Kruskal-Wallis results
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Table B.3-8. Statistical comparisons of species, lakes, and tissues. Tests areC') two-way ANOVAs and nonparametric Kruskal-Wallis.*
/

"1. SOURCE DF MS F P P(KV)
Mercury 1986
Whole-Body:

Ladora, Mary 1 0.012 5.011 0.071 0.213
* Bass, Bluegill 1 0.009 3.639 0.069 0.271

Lake by Species 1 0.006 2.391 0.121 0.340
' Within 8 0.002

2. SOURCE DF MS F P P(KV)
Mercury 1988
McKay:

Fillets, Remains 1 0.027 10.681 0.005 0.006
Bass, Bluegill 1 0.005 1.814 0.197 0.293
Tissue by Species 1 0.000 0.062 0.807 0.859
Within 16 0.003

•. SOURCE DF MS F P P(KV)
D..rin 1986
Whole-Body:

Derby, Ladora, Mary 2 0.004 3.258 0.052 0.138
Bass. Bluegill 1 0.012 9.245 0.009 0.013
Lake by Species 2 0.001 1.103 0.269 0.609
Within 12

* DF degrees of freedom
MS = mean square
F = one-way A14OVA results
/ P = significance of F
P(N) = significance of Kruskal-'Wlli3 results

04/11/89
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Table B.3-9. Statistical comparisons among lakes. Tests are parametric ANOVA,
t-tests, and nonparametric Kruskal-Wallis.*

1. Lakes: Ladora versus Derby versus Mary

Means and sample sizes: 0.182(3) 0.054(3) 0.074(3)

SOURCE DF MS F P KY P(K_)

Mercury 1986
Bass, Whole-body 2 0.014 5.355 0.046 5.241 0.073
Within 6 0.003

2. Lakes: Derby versus McKay

Means and sample sizes: 0.359(5) 0.152(5)

SOURCE t P KV P(KV)

"Mercury 1988
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(KW)

Mercury 1988
Bass, Remains 6.040 0.000 6.818 0.009

Source: MYE, 1988.

* DF - degrees of freedom
MS . mean square
F - one-way ANOVA results
t = t-test results
P - significance of F or t-test results
KW - Kruskal-Wallis results
P(KV) = significance of Kruskal-Wallls results
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() Table B.3-10. Statistical comparisons among species. Tests are parametric
t-tests and nonparametric Kruskal-Wallis.*

1. Species: Bass versus Bluegill**

Means and sample sizes: 0.294(5) 0.063(6)

SOURCE t P KW P(KW)

Mercury 1988
Whole-body, Derby 7.304 0.000 7.639 0.006
Within

2. Species: Bass versus Bluegill

Means and sample sizes: 0.375(5) 0.070(6)

SOURCE t P KW P(KW)

Dieldrin 1988
Whole-body, Derby 3.425 0.008 4.822 0.028
Within

3. Species: Bass versus Bluegill

Means and sample sizes: 0.032(3) 0.100(3)

SOURCE t P KW P(KV)

Dieldrin 1986
Whole-body, Ladora 2.509 0.066 3.857 0.050
Within

Source: MKE, 1988.

* DF . degrees of freedom
MS - mean square
F . one-way ANOVA results
t - t-test results
P - significance of F or t-test results
KW - Kruskal-Wallis results
P(K;) - significance of Kruskal-Wallis results

** In test No. 1, bass data are from five reconstructed whole-body samples.
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, Table B.3-11. Statistical comparisons among tissue types. Tests are parametric
t-tests and nonparametric Kruskal-Wallis.*

1. Tissues: Fillets versus Remains

Means and sample sizes: 0.152(5) 0.084(5)

SOURCE t P KV P(KH)

Mercury 1988
Bass, McKay 2.684 0.028 5.771 0.016
"Within

2. Tissues: Fillets versus Whole-Bodies

Means and sample sizes: 0.034(3) 0.088(6)

SOURCE t P KV

Dieldrin 1986
Bluegill, Mary 1.886 0.101 2.483 0.115
Within

3. Tissues: Fillets versus Remains
Means and sample sizes: 0.218(5) 0.486(5)

SOURCE t P KV P(KV)

Dieldrin 1988
Bass, Derby 1.849 0.102 2.455 0.117
Within

4. Tissues: Fillets versus Remains

Means and sample sizes: 0.188(5) 0.109(5)

SOURCE t P KV P(KV_)

Mercury 1988
Bluegill, McKay 2.137 0.065 3.153 0.076
Within
Total

Source: MXE, 1983.

* DF - degrees of freedom
MS a mean square
F - one-way ANOVA results

•,"• t - t-test results

"P - significance of F or t-test results
KV - Kruskal-Vallis results
P(KW) = significance of Kruskal-Wallis results

04/11/89
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3.2.1 DATA FROM 1986 AQUATIC STUDIES

Three separate analyses were performed on analyte data. Each analysis was

conducted separately for mercury and dieldrin. The results of each analysis

appear in Tables B.3-2, B.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 species

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. Each analysis was

conducted separately for mercury, dieldrin, aldrin, and DDE. The results of

each analysis appear in Tables B.3-4, 8.3-6. and B.3-7, while the discussion

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

Table B.3-6 presents the differences among combinations of lakes (Derby

versus McKay) and tissues (remains versus fillets), holding species (bass)

and year (1988) constant.

Mercury. The significant differences among the four treatment groups in the

preliminary KW is primarily caused by consistent significant differences

between Derby and HcKay lakes regardless of tissue type. No significant

difference between tissue types was detected when the lakes samples were

pooled.

Dleldrin. The signIficant differences among treatment groups in the

preliminary XW is primarily caused by consistent significant d~fferences

between Derby and Mc~ay lakes regardless of tissue type. No significant

difference betwen tissue types was detected when the lakes samples wer e

pooled.

DDE

The signifizirt difference among treatmei'nt groupi: in the preliminary KW Is

primarily ciii-od by consintent significant dIifff rences between Derby and

S Mr~ay J m e!; reg:mrdloss of tit:sue type. No signi[icant difference between

tissue types was detected when the lakes sAnples were pooled.
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Aldrin

The significant difference among treatment groups in the preliminary KW Is

primarily caused by a significant difference between Derby and McKay lakes

in samples of remains. No significant differences occurred between lakes In

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

Table B.3-7 presents the differences between lakes (Derby versus McKay)

holding specie- (bluegill), tissue (whole) and year (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), species (bluegill), and year (1988) constant.

Mercury

Significance was approached for differences between tissues.

No difference was detected between tissuesz all samples for both tissue

types were at the CRL.

DDEand-Aldrin

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

types were at the CRL.

3.3 CONCLUSICNS

The most important and informative comparisons from the point-of-view of the

effects of contamination at RLMA on the blotn are those that involve

comparisons of sItes in which at least one contaminated and one control lake

exist. MKS do not provide these data for 1986. Two of the statistIcal

anaiyses (Tables B. 3-6 and B. 3-7) for 19i!8 do permit evaluat ion of the

question as to whether bioti in a contain!nitod lake (Derby) exhibit analyte

concentrations that are dlst[nrgul-h:;,le from those in a control la,1ke.
(
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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 features 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 despite 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. Additional comment on tests or

comparisons that do not directly involve control and contaminated lakes are

not made herein.

0
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C)EXECUTIV7 k1iMnL'"Y

This report presents the results of an in-depth survey of all
available extant literature on the use by the Army of chemical
pesticides and her-bicides for pest and vegetation control at Rocky

Mountain Arsenal between 1943 and 1987. The literature 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
consequence, 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 Co. and its predecessor, the Julius
Hyman Co., in the area of pest and vegetation control have as yet

) .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 Pesticides and Herbicides

for the Control of Pests and Vegetation at

Rocky Mountain Arsanal

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 weeds and vegetation from railroad tracks, canals

and creeks, the control of aquatic vegetation and mosquitoes 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

control 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 solution was then attained by adding either

water or kerosine (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

(P4A, 1952a; RMA, 1952c, p. 2; rlA, 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, 1986, pp. 562-563). Building 544 was operated as

the designated "herbicide and pesticide shop" at the Arsenal until

3:10pm
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EI 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 lessees, most notably, Julius Hyman & Co. and Shell

Chemical Co., in their respective leasehold areas, virtually

nothing is known.

In August 1943, the Army began treating the South Lakes with

crystalline copper sulfate (Blue Vitrioi) to control the growth of

algae. Row boats were used to spread t'ie 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 method 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 recommended spraying either Paris Green' or

oil on the seepage pond near Sixth Avenue south of Derby Lake and

on the stagnant water holes on "E" Street between Sixth and Seventh

Avenues to prevent mosquitoes from breeding (Shaw et al., 1944).

In late November 1944, the Army began using rat poison and traps

A p4iscnous, bright green pcwder, (Cw) 3As203.C•uC• 21 O2 2, d used as an insecticide.

3: 1 cne
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O to exterminate field mice and rats on the Arsenal (Holaday et jl.,

1944).

As of April 20, 1945, for the purpose of eradicating flies,
mosquitoes and other 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. In response, the industrial hygiene committee
recommended spraying DDT insecticide in the South Lakes area to
control mosquito and gnat breeding. In previous years, the

breeding of these insects had been sufficiently controlled 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).

' 3:010•
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0 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 mosquito 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 Hyran and Company leased Buildings 633 and

633A located in the southeastern quarter of Section 4 of the

Arsenal. Hyman used these structures along with Building 63S3, a

Hyman-owned building, as a laboratory designed to test insecticides

on flies and other insects (Silber, 1948; Goodali, 1953; Atchley

and Kent, 1954; Silber, 1954). In 1952, with the acquisition of

Hyman's lease, Shell Chemical Company assumed occupancy of these

buildings. Between 1953 and 1957, Shell Development Company, an
affiliated Shell company, used these buildings, also known as the

"bug lab," for agricultural research and bioassay purposes

(Goodall, 1953; Shadle, 1953; Silber, 1q55; Silber, 1957; Parsons,

1957; Mitchell, 1986, pp. 644-645). The extent of labora.tory

cper3tions in these facilities is unknown.

In January 1949, the post engineer prepared a land managenent

plan to serve as a guide for the utilization and maintenance of all

lands at Pocky Mountain Arsenal. For the purposes of land

management, the Arsenal was divided into three distinct areas. In

one of these areas, the plan specified the application of "weed

control chemicals" to control weeds on bluegrass lawns.2 Herbi-

2
The selected area coered 913 acres ar4 ýas cc-siderd rn intersi ie use area. It conrain,?d the

a~inistrati:n ird maru'acturing areas, shops and waretioses, officers quarters, a'd tht sewage treatment p~ant
(Unaut nored, 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).

During the spring of 1950, the Army announced its intention

to use 2,4-D (2,4-dichlorophenoxyacetic acid) to control weeds at

the Arsenal. Pests were to be controlled with Chlordane3 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. 1 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 7.rmy conducted an Lisecticide-t'illing program

for the United States Forest Service. Two insecticides.
ethylenedibromide and orthodichlorobenzene, were transported to

the Arsenal and stored temporarily. The insecticides were mixed
with fuel oil 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 orthodichlorobon-

zene off the Arsenal (RMA, 1952a; Smith, 1952; MIA, 1952b; IRMA,

1952c, p. 33).

3
A highly chlori.td liqi d inrecticidý, C,,4xCt,

,../3: lccn
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I-D During the su."mmer 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 p_2-rt;ifer. 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; RPT%, 1955b).

Between July and September 1956, the maintenance division

chemically treated 400 acres of land to control broad-leaf weeds.

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 di.methylurea. By the year's end, an additional

5,300 pounds of Ureabor had been spiead in the Nlorth Plants area

and other sections of the Arsenal (PYA, 1956a; PRMA, 1956b; Shogren,

1977, p. 34).

Early in 1957, the maintenance division applied 10,700 pound,,

of Ureabor to various areas of the Arsenal for the purpose of

controlling 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 control

branch fumigated one bui lding with hydrogen cyanide (HCN), sprayed
trr -- anl nhrubb.,ry, a•nd spread 1,000 pounds of Ureabor Soil

Stl-rii ]nt for vye-jt ... ticn contro)l (PIA, 1957a; FMA, 1957 b)

Tbroghout the sumcrer .a3nd fall of 1957, the Army sprayed all treec,

lawns, and shrubb-rvc on the Arsrna l to control inc-ects and roents.

III



Three acres of land were treated with Ureabor Soil Sterilant to

control vegetation (P-MA, 1957c; P24A, 1957d). During this period,

the Army used various insecticides and rodenticides, including

Warfarin, 4 thallium sulfate, sodium fluoroacetate, Chlordane,

Dieldrin, DDT, lead arsenate, Bordeaux mixture, Malathion, 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 (P'iA, 1958a; RPMA, 1958b; RMA, 1958c; RMA, 1958d).

During 1959, the Army treated the "Open Storage Area" with
2,500 pounds of Ureabor Soil Sterilant. An unknown quantity of

Ureabor was applied to all active railroad trackage and areas

adjacent to the Arsenal's perimeter fence (}RMA, 1959a; RMN, 1959b:

RMA, 1959c). Insecticides in use at this time included Chlordane,

Lindane (l,2,3,4,5,6-hexachlorobenzene), Malathion, and DDT

(Ledwell, 1959).

In early 1960, Army personnel spread 4,000 pounds of Ureabor

Soil Sterilant around sign posts, utility poles, and iarehouses.

Ureabor was also placed on standby railroad trackage. During the

spring, another 4,000 pounds of Ureabor were spread throughout the

installation (P•MA, 1960a; PIMA, 1960b). On July 11, 1960, Shell's

industrial hygienist contacted the Army about the possibility of

having the Shell leased area spr-iyd for noiosqulitoes.. Four days

A ct or t es cry-,;i A!~ t , no CuH;, . ;d t I k it tri f t

5
A M IR ur P of C Aýht,*, I. Ur.1( fat0 ietAA A - i114 0 If1,i." I Mlo " rO I, ý C tCid,

fsr ont- o~r IAni corrxr-d, C~i,0 P1 an ho ir~c t ic ir
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later, an Army representative toured 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 Lake 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 (RPMA, 1961a) . On June 30, 1961, Shell requested the

Army to spray the Shell-leased area for mosquitoes under terms of

a contract between Shell and the Army. Within three days, Arsenal

personnel had sprayed the acetylene area and other parts of Shell's

leased facilities. The picnic area north of Lake Mary possibly was

sprayed in mid-July (Brisbane, 1961; Mcrilvray, 1956-1972; 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 600 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. Another 12,000 pounds of

Ureabor were applied to active railroad trackage. The Army also

treated the western end of LaYe Mary with sodium arsenite to

control aquatic vegetation (RP:A, 1962.; RMA, 1962b) . On June 22,

1962, Shell requesýted the Army to spray specific areas of Shell's

leased facilities for mosquitoes?! inner terms of a contract between

Shell and the Army. As of July 10, !"62, Arsenal personnel had

sprayed the acetylene unit, the mustard a(rea, and the open area

north of the bicycloheptadiene prcduction unit (Brisbane, 1962:

McC;ilvray, 1956-1972) During the summer and i-31, the Army

treated the stern end of Lake Mary with sodium ar7*,.tte and

3 ,y



spread 20,000 pounds of Ureabor Soil Sterilant (PMA, 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

TX7 (McNary, 1962; Whitledge, 1962). In 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, d 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 control

grasses and two types of weeds, broad-leaf and bindweed. One wheat

field in Section 24 was treated with approximately 30 pints of

Malathion to control the aphid and leaf mite 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

7
TX wA, the mYiIit )ry code ntw* for the ure-dioipores of Puccini v r -r. triici, tho c~vsal Agent

of whu-? t %tr,' rst (WPA, 1973).
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O Malathion were sprayed on the TX fields that season to control

weeds and insects (Yrenzer and Morkovsky, 1966).

The special projects division continued to use herbicides and

insecticides during the 1967 and 1968 TX production seasons. In

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 to 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 Diquate to control aquatic weeds.

Approximately one-half to three pounds of Karnex (Diuron)9 were

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, 1968; Unauthored, 1968).

During the summer months of 1970, the Army sprayed

insecticides throughout the Arsenal to control rodents and insects.

The specific types and quantities of insecticides used that summer

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

On December 7, 1970, the Arsenal's director of facilities

requested command authorization to purchase and use approximately

five gallons of R-551° Rodent Repellent. The repellant was needed

A ý_.erfu[ non,'eri.stenrt herbicide, C 2 H•,ar us.-d to control waer veeds.

A ;irriti t herbicido, C ,4Ct '40, g.,d to control v•-• { s.

rPhit tipi Pi ro! te, C s•ary' tr:d- krk n7-'e for terti ry- ity utlfenyt di',-thytditiorhrrmtP1.
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J

C) 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 increased significantly in Lake Aary. 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,' 1

and a mixture of five gallons of 5 percent emulsifiable Rotenone

and 50 pounds of 20 percent Rotenone were applied to the remaining

water and sump areas on August 25, 1970. The treatment rid the

O lake of hordes of bluegill, a large number of black bullheads,
approximately 200 rainbow trout, and a few largemouth bass.

Subsequent 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 1970.

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

1In ricd docur-ernts, Lake Mary was listed as a surface take consistirng of a main body of water
aprcxiirately 100 1eet wide by 6ý00 feet lc"; and three fin-ees, each about 150 feet wide by 100 feet tong.

The deeýpst Prticn of the take, tocsteýd at the west end, covered an area nearly 100 feet wide by 200 feet torg,
averaging 6.5 feet depo, with the dieucst point Lei" 9.5 feet. The deoth of the remaicter of the take averm-eed

about foujr ftet Dnrv•!# y, 1974; mutlnn, 1975c). rlur'ir 1974-1975, the take was stightty snrgtrd arv- dCe tedn
to an avernge dtpth of 15 feet (Mutian, 1975b; Mutlan, 1975c).
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(ID undesirable expansion of green sunfish densities was exacerbated

by uncontrolled vegetation and weeds in the lake. To improve 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; Mullan,

1975b; Mullan, 1975c).

While herbicide and pesticide usage by the Army at the Arsenal

continued in the 1970s 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 of0
the environment. The regulation classified Aldrin, benzene

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 required to be reported.

Pending establishment of federal guidelines, up to 50 gallons of

obsolete 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 ill

effect on wildlife (LBA, 1981).

12For Pocky Arsen irenul, r' culous record h b, ren fourd only for the ptriod 1979 through 1905.

The di'.a obtiir-n.i trm tis rýýcord ar pr 'enrd in ApŽrd~A.
3: 1
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0
In January 1973, the Army began a pesticide monitoring piogram

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 program, a number of soil and water samples were
taken in 1973 and 1974 from different areas of Rocky Mountain

Arsenal, including Section 25, First Creek, Lake Mary, and the
sewage oxidation pond. Although complete 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, 1974a; 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 program 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 program from a variety of perspectives, including the

medical and economic aspects of pest control, requirements for

pollution abatement, available resources, and the adequacy and

goals of the program. The use of herbicides was also monitored
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during these surveys (Hastriter and McLaurin, 1976; confer 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 17,5t0

acres, including 1,536,000 square feet of building space.

Cockroach control in food service areas was accomplished using

Baygon 1.5 Emulsifiable 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 (Building

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 handled on an as-needed basis upon

request. Mosquito control consisted of the application of a

solution of two ounces of 57 percent Malathion emulsifiable
concentrate per gallon of water twice weekly during the breeding

season. Moth control had been attempted using Baygon and Malath-

ion. 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 operations 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 railroad zight-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 operations and practice. Bulk pesticides were
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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 containers were punched and disposed of in the sanitary

landfill. 13 Pesticides were being used without honoring labeling

instructions (Hastriter and McLaurin, 1976).

In October 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,'I 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 McLaurin,

1976).

In addition, the report emphasized the need for changes that
the Arsenal's pest management program in pesticide practices

13The Arsenal's sarnitay tandfit is located in sojth-centrat Section 30, designated as Site 30-4
(Ebasc•, 1987).
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O storage and mixing operations (Hastriter and McLaurin, 1976).

Subsequent follow-up pest management program surveys were 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 14 and analyzed for Chlordane and

associated compounds, including Technical Chlordane, oxychlordane,

cis-Chlordane, trans-Chlordane, heptachlor, heptachlor expoxide;

DDT and its derivative compounds, o,p-DDT, 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).

(1 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 concentrations of pesticides in the same

context. By offering a comparison of one-time installation

sampling with the interinstallation, multi-year sampling which

revealed "normal" concentration 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;

14
Rocky Mountain Arsenat ray hnve perticitat-d in the s;ýoting, since during the subject pericd at tenst

two pesticide monitoring surveys were corducted at the Arseratl by the United States Envircr-,T.nta[ Hygiene
Agency, the overseer of the four-year sze'pling proqrtm. The first mnitoring survey toO * piece betveen July
14 and 18, 1975, and the secord tetween mnrch 29 ard Aoril 2, 1976. The results were apparrentty not reporte<
indlependently of thle efutti-year study (Johnstoni, 1975; Jcrn~ston, 1976~a; Johnston, 1976b).
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Q shop arid 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

t' 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. In
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

(Olds et al., 1978) . Table IV in Appendix C summarizes the

pertinent findings and conclusions of the study.

In July of 1976, the Center for Disease Control of the U.S.

Department of Health, Education and Welfare at Fort Collins,

Colorado identified the plague bacillus (Yersina pestis) in fleas
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Q collected from the burrows of black-tailcd 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 reconmmended 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 eliminate all potentially infected prarie dogs in

these areas (Johnston, 2.976).

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, 1976) . 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 land 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 were

9: 4 7piI
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N I
1) directed at the Russian thistle, which dominated at the edges of

cultivated fields, along railroad tracks and roadways, and inI unused fields. A solution of 2,4-D was used to keep this weed in

check. The areas around storage tanks, security fence lines, and

railroad rights of way were all treated with Ureabor, a granular,

nonselective soil sterilant. Power poles and substations were

V. treated in the same manner (Shogren, 1977). Trees, shrubs, and

evergreens surrounding the administration quarters were sprayed

with organic phosphates to control chewing insects. Malathion was

used to control sucking insects in this area, and spraying occurred

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

3-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 of 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 14-gallon metal drum containing 85

percent Naled was stored in the shed adjacent to Building 544. In

addition, 10 gallons of an unidentified pestici"'e remained stored

in a 55-gallon metal drum in the storage shed. No di;position of

this substance was possible until it had been accurately iden-j tified. Four 5-gallon drums of Ded-Weed15 remained stored at the

15 -Wr i S a herbei c i d, con, st i- of a mi xtr, f 7, 4 5 -T ed 2,4-. - It w6sý *rf tu y Ole

Thr.r'p-snn MaYwird c1b',icbI Cc-g'try.
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j j) Arsenal, pending p~lans for final disposition following the

Environmental Protection Agancy's suspension of the use of 2,4,5-T

in February 1979. Finally, the report noted that bulk quantities

of pesticides were stored in Buildings 616 and 618. Th es e

buildings were the supply division warehouses, and contained in
excess 500 gallons of unidentified pesticides (Grod~t, 1979).

The 1979 installation pest management" program report contained

a discussion of pest con~trol programs that were currently in

operation. Action was being taken to control the rodent popula-

, Lk~qtion. Anticoagulant poison was used to bait rodent feeding

stations along interior walls in Building 362. This same control

method was use-d in Buildirng 383 (c-rcdt, 1979). Mosqu.ito surv,2il-

ýj lance had begun on August 1, 1978. The old barrackn area and

Building 383 were targets of this investigation. Adult mosquitooes

were sprayed with 3- and 5- percent concentrations of Malathion,

4 . 57 percent EC. Moscuito larvae were also treated with Malathion

at a rate of approximarltely 13 fluil ounce~s per acre (Grodt, 1979).

2~1 Following the pest, management program review, the Arsenal

adopted a number of the? recommendat ion,- contained in the report.
The drum of Na--led was to bte repackageýd for storagn in accordance.

4with the appropriiatc rt-qulationsý. M.-lathion was to be applied in

accordance with lab-el direct ions and Environmental P~rotect ion

Agency reqjulatiýýons. P-ending tlht con!;trucfti~on of a new- post control

sh-op, pesticidle rinse Water was to be, dis.,posed by s.praying ove~r aI

larqoe outdoo.r ar!-i (Mtc'k, 1979)

iAnot~her pest .;iloment prcgr;am, rev es;- was conducted in enrly

1.9 30C. BY this 3 e the constiu~on cf. a new Post control ~o
re 1acngP i di g5#1 hid Ibee-n co')n 1 eo: oJ in Building 742. Tihi

p rio0r to dio~lby 1½ s14"0'i~or in Buildirwis 61r) and (),3



(9 for the most part contained 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 permitted 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 mosquito control program was implemented

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 pest management program review was

condl•cted at the Arsenal. The metal drum containing Naled

mentioned in the previous review was still present and was being

stored in Building 643 (Grodt, 1981). The program review noted

thp additional problem presented by twenty-two 55-gallon drums

containing DDT. These drums were stored in Building 616 pending

final disposition by the Army's defense property disposal office.

It was recommended that these drums be transferred to Building 643

and stored in accordance with Environmental Protection Agency

regulations (Grodt, 1981). In September 1981, the defense property

disposal office received all records relating to the stored DDT.

On Snotember 18, it reported that the DDT had been sold and that

the deferse property disposal office was awaiting Environmental

Protect ion Agency clearance to remove the DDT from storage in

Building 616 (Hem, 1981).
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K) The mosquito 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 Malathion was applied to standing water for larval

mosquito control (Grodt, 1981).

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 period 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 warehouse areas to

control food pests, and Bromacil-borate Mixture was used in open

areas with underbrush for all vegetation (Marlow, 1979a).

In April 1979, Diazinon and Bromacil-borate Mixture were used

in the pest control 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, mosquitoes

were treated with Malathion, and food pests were controlled with

Pyrethrum. Diazinon was used in the warehouse areas for other

insects (Sutherland, 1979). In June, mosquitoes in various parts

of the Arsenal were treated with Carbaryl or Malathion. Bromacil-

borate Mixture, Dursban, Timec, and Pyrethrum were also used during

this month (Marlow, 1979c).

Carbaryl, Malathion, and Pyrethrum were used during July 2979.

These substances were used to control nmcsquitoes and ants in o0>en,

i i t -r Y2n 1



grassy fields and in the warehouse area (Marlow, 1979d). In

August, Carbaryl was used at food handling buildings to control

ants (Marlow, 1979e).

In September 1979, anticoaculants were used on mice in over

57,000 square feet of warehouse 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 warehouse 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 warehouse space

were treated with Pyrethrum. Diazinon was used in 11,000 square

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, 1979g).

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

(Marlow 1979h; Marlow, 1980a).

From January through April 1980, anticoagulants to control
mice were used on 90,000 square feet of warehouse space and 12,000

square feet of industrial area. Diazinon was used on 8,000 square

feet 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 March 1980, 2,000 square feet of

office space were treated with Carbaryl, and 610,000 cubic feet of
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0 warehouse area were treated with Pyrethrum to control food pests

(Marlow, 1980b; Marlow, 1980c; Marlow, 1980d; Marlow, 1980e).

In June 1930, anticoagulants were used to control mice in

37,000 square fee. of warehouse space and 12,000 square feet of
industrial area. .arbaryl was spread over 15 acres of open, grassy

field to control ;osquitoes and five acres of the same terrain to

eliminate leaf-chewing insects. Warehouse areas totaling 4,000

square feet were sprayed with Diazinon as were 2,000 square 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 impoundment were 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 square feet of residential 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, 1980g).

In August 1980, anticoagulants again were used to combat nice

in 48,000 square feet of industrial area and 3,000 square feet of

office space. Herbaceous, broad-leaf weeds 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 spread over

one acre to control all vegetation (Suth"rl-and, 1980).
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During September 1980, Diquat was employed to control aquatic

weeds in a ten-acre area of A warehouse area totaling 2,000 square

feet was treated with Diazinon to eliminate food pests. Finally,

54,000 square feet of warehouse area and 45,000 square feet of

industrial area were treated with anticoagulants used in bait for

mice (Marlow, 1980h).

In October 1980, warehouse areas totaling 1,280,000 cubic feet

were fumiqated with Pyrethrum to eliminate food pests. Cockroaches

were controlled with Diazinon in 2,000 square feet of both

industrial and warehouse 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, 1980i).

In November 1980, anticoagulants in mice bait were used inC 102,000 square feet of industrial space, 99,000 square feet of

warehouse area, and 3,000 square feet of both office and food-

handling areas. In December, 45,000 square feet of industrial

areas and 12,000 square 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, 1980j; Marlow, 1981a).

.7n February 1981, anticoagulants were used on 84,000 square

feet of warehouse space and 42,000 square feet of industrial area.

Vegetation on one 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, 1981b). No activity was reported during March, and

there were only limited projects during April. In this month,
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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 sare terrain using DCPA (2,3,5,6-tetrachloro-

terephthalic acid). Finally, 6,000 square feet of warehouse space
were treated with Diazinon (Marlow, 1981c).

During May 1981, twelve acres of open, grassy terrain were
treated with Carbaryl and Malathion to eliminate mosquitoes.

Diazinon was used on 1,000 square feet of residential area, 8,000
square feet of warehouse area, 3,000 square feet of industrial
area, and one acre of open, grassy field. Anticoagulants in mice
bait were placed on 3,000 square feet of residential space, and
610,000 cubic feet of warehouse space were sprayed with Pryethrum.
Finally, Borate-2,4-D was spread over one acre of open, grassy
field to control broad-leaf weeds (Marlow, 1981d).

During June 1981, anticoagulants were used again in mice bait.
Warehouse areas totaling 105,000 square 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 square 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
acres of similar terrain, and Diazinon was used on 12,000 square

feet of warehouse space. Finally, Diquat was used to combat

aauatic 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 were 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 square feet of office area, and 2,000 square feet of

industrial space. Finally, in September, Pyrethrum was used on

640,000 cubic feet of warehouse 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 square feet and 1,000 square feet

of residential area (Marlow, 1951i).

In November 1981, 120,000 square feet of industrial area and

45,000 square feet of warehouse space were treated with anticoagu-

lants. Mice were controlled on 31,000 square feet of open, grassy

field, 21,000 square feet of warehouse 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 warehouse areas totaling

24,000 square feet (Marlow, 1981j; Marlow, 1981k).
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(I Between January and May 1982, pest control activities were

directed primarily at mice and spiders. Anticoagulants were used

to control mice on 225,000 square feet of warehouse space, 51,000

square feet of industrial area, 9,000 square feet in food-handling

build..ngs, 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 square feet of

residential area. In addition to these projects, Bromacil-borate

Mixture was spread over nine acres of open, grassy field to control

all ,;egetation. Also, Diazinon, was used to combat ants on 2,000

sa'iare feet of both industrial and food-handling areas (Marlow,

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

During June 1982, food pests were sprayed 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 feet0J 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 one acre to combat mice. Malathion was

also used on 10 acres of surface impoundment against mosquitoes.

Finally, calcium cyanide was used to control prairie dogs 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 square feet

of both industrial and residential areas. Two acres of open,

grassy fields were treated with Malathion and Carbaryl to eliminate

culicoids. One acre of similar terrain was sprayed with Bromacil-

borate Mixture to control all vegetation. Also, aquatic weeds in

eight acres of the surface impoundment were treated with Diquat.

Finally, Pyrethrum was used on 132,000 cubic feet of warehouse
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(ID 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

November 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 (Lewis, 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 square 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

square feet of warehouse space to control spiders and termites

(Marlow, 1983b; Smith, 1983). During the next two months, more

pesticide use was reported. In February, 148,000 square feet of

industrial space and 33,000 square feet of warehouse space were

treated with anticoagulants. Diazinon was used on 14,000 square

feet of warehouse area and 1,000 square 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 anticoagulants again were used

to control mice. Strychnine was applied to three acres, and

anticoagulants were applied to 15 acres of open, grassy fields.
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Anticoagulants were also applied to 15,000 square 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 PhostoxinIr• 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

/•m!• 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 square 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 dogs, Bromaci!-

borate Mixture was used on three acres to control all vegetation,

Malathion was used on seven acres, and Diquat was spread over five

acres to control grassy weeds. Finally, 30 acres of similar

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

(Marlow, 1983f).

"• I A r oden ticide , produced by De jesch A mri ca I nor corated, Weyers Ca ve, V irginia, consisti rg o f 55

parcent (Lrirn• Oosphide and irert su_,bstances for the rýýi-%ioer (4ack, 1985a; Polchow, 1982). Approvat to
Suse Phostoxin was issu•d on August 8, 1933 (marten, 1983).
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OI During July, the Army emphasized the treatment of open grassy
fields on the Arsenal. Ten acres were treated with Malathion, 24
acres were treated with Borate-2,4-D, and six acres were treated
with Diquat. In 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
application 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 warehouse space.
Diazinon was used in 11,000 square feet of warehouse space, 2,000
square feet of food handling areas, and 1,000 square feet of
residential space. In 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 Diquat. 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 square 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 laboratory areas to
eliminate cockroaches. In addition, Pyrethrum was used on 64,000
square feet of both warehouse and food-handling areas. Anticoagu-

lants were used to control mice on 120,000 square feet of warehouse
space, 54,000 square feet of industrial areas, 18,000 square 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 same 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 square 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. In addition, Diquat was

used on six acres to control aquatic weeds, Borate - 2,4-D was used

on broad-leaf weeds covering 114 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, Diquat -

2,4-D, was used to treat an additional 12,000 square feet of the

same terrain. Other pest control activities during the month

included the use of Diazinon on 3,000 square 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).

7i'••3:10pn .
Iit-rev. pe, - 32 - 3 May, 1989



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 square feet of food-handling
areas, 4,000 square feet of warehouse space, and 1,000 square feet
of office space. Pyrethrum was used on 135,000 cubic feet :
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 square feet (Unauthored, 1984e).

During the last four months of 1984, anticoagulants were used
on 126,000 square feet of warehouse space, 15,000 square feet of
office space, 84,000 square feet of industrial areas, 6,000 square
feet of food-handling areas, and five acres and 30,000 square feet
of open, grassy terrain. In addition, food pests were treated with
Pyre"hrum in 120,000 cubic feet of warehouse space. Diazinon ras
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, 1984g; Unauthored, 1984h; Unauthored, 1934i).

Between February 22, 1984, and Ft-bruary 29, 1984, the Army
conducted a pest management program review to evaluate the
installation management program and to provide rtcc nendations for
improving program effectiveness and correcting any attendant health
and environmental problems. The progranm re!view reoort noted that
as of the date of the program review, pof;ticidvs were being stored
at three locations on Rocky Mountain Arsenal: Suilding 742 (pest
control shop), Building 643 (supply storage) , and Shed I nf Plot
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3 of the Toxic Storage Yard. The herbicides and pesticides kept

Vin Building 743 were housed in separate rooms which were dry,

secure, fire resistive, curbed, and ventilated. The pest control

shop was used for mixing purposes in addition to storage. Building

643 was used to store excess pesticides and was dry, secure, and

fire resistive, but not 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).

During the first three months of 1985, anticoagulants were

used on 12,000 square feet of warehouse space, 6,000 square feet

of industrial area, and 23 acres of open, grassy fields to

eradicate mice. In 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 weeds.

Finally, Diazinon was used on 12,000 square feet of warehouse area

to control spideLrs (Unauthored, 1985a; Unauthored, 1985b; Un-

authored, 1935c) .

In April 1985, trifluralin was used on six acres of open,

grassy fields, and Bromacil was usrd on 48 acres to control all

vegetation. Broad-leaf weed:.- on 151 acres were sprayed with

Dicamba and Borate-2,14-D. Bromacil-borate was used on three and

a half acres for vegetation, and pr.iirie dogs were controlled on

120 acres with Pheostoxin. Final]y, Diazinon was used on 4,000

square feet of war hou-e speace, and anticcagulants were uced to

control mice on 3f,000 s;quare fee.t of warehouse space (Uniluthored,

1935d).

In M•y of I935, Binve]- 2,4-0 w s applied to 129 open, gra!:•sy

icr' to ce.tro th• grc,'t",h of braid-leaf weeds, while five acres
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II

were treated with Diquat to suppress the growth of mixed grassy and

broad-leaf weeds. Additionally, Dalapon 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

usc ' in May of 1985 to combat the prairie dog population on 75

open, grassy acres of Rocky Mountain Arsenal (Unauthored, 1985e).

During June of 1985, Dicamba - 2,4-D was sprayed with power

equipment 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 1985 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. Mosquitoes were treated with Malathion over ten

C) 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 open, grassy acres at Rocky Mountain Arsenal received

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

In September of 1985, Diazinon was used for wasp and bee
eradication in 1,000 square feet of warehouse space, as well as

spider control over 21,000 square feet of open, grassy land.

Anticoagulants were emiployed for nice control in 216,000 square

foet of warehouse opace, while Phostoxin was sprayed over 30 open,

grassy acres to co:rbit prairie dogs (Unauthored, 1985i)
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MD 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 square 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 to control miscellaneous food pests. In

addition, Diazinon was u: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 1987, 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 mosquitoes

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) old barracks area and fire station;

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

3) The logistic5 area;

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

) t3
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5) The air force building and construction
area ;

6) Three-quarters 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 "D"1 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).

Documents and records necessary to a reconstruction of Army

pest and vegetation control operations and herbicide and perticide

usage after 1987 were not available to the authors of this study.

During the periods covered by this report, the Army used numerous

substances in a variety of ways to control vegetation 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.
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TABLE I

Documented Quantitins of Zarbicidan, PosticidO3,
and Insecticidas Used at Rocky Mountain Arzonall

$UB ST%"I•• _ QUANTITY REFERENES

2,4-D 1964 450 pounds (Asai, 1964;
Flucke, 1964)

1966 250 pounds (Krenzer and
Morkovsky, 1966)

1968 370 pounds (Ammon, 1967-1968)

1983 4,325 gallons (Marlow, 1983e;
Marlow, 1963f)

1984 2,950 gallons (Unauthored, 1924d;
Unauthored, 19E4e,

2,4-D-2,4,5-T 1984 1,900 gallons (Unauthored, 1984d)

AIuminun 1983 16 pounds (Marlow, 1983f;
phosphide Marlow, 1983i)

An-icoagulant 1979 91 pounds (Marlow, 1979a;
Marlow, 1979f:
Marlow, 19799;
Marlow, 1979h;
Marlow, 1980a)

1980 193 pounds (Marlow, 1980b;
Marlow, 1980c;
Marlow, 198Cf-j;
Marlow, 1981a;
Sutherland, 19SC,

1961 233 pounds (Marlow, 1931b;
Marlow, 1981d;
Marlow, 1981e-k)

The above-furnished quantities represent actual substances
used at Rocky Mountain Arsenal as quantified in the historica.
database.



SUBSTANC7 _•_ ___T_ REFERENCES

1982 114 pounds (Marlow, 1982a-d;
Marlow, 1982f;
Marlow, 1983a)

1983 253 pounds (Marlow, 1983b-k)

1984 209 pounds (Marlow, 1984a-b;
Unauthored, 1984a-h)

1985 105 pounds (Unauthored, 1985a-d;
Unauthored, 1925g-k)

Eanvel-2,4-D 1985 2,200 gallons (Unauthored, 1985e)

B5.rate-2,4-D 1980 1,350 gallons (Marlow, 1980g;
Marlow, 1980i;
Sutherland, 19EC)

1981 528 gallons (Marlow, 1981d-f;
Marlow, 1981i)

r) 1983 5,150 gallons (Marlow, 1983g-k)

1984 4,000 gallons (Unauthored, 1984d)

1985 2,300 gallons (Unauthored, 1985d)

Er o 7azl 1985 854 gallons (Unauthored, 1985d)

Er zaci1l-borate 1979 2,800 pounds (Marlow, 1979a-c;
Marlow, 1979g:
Marlow, 1979h;
SMarlo., 1980a)

1980 1,726 pounds (Marlo w, 1980b-d;

M arlow, IS0i;
M arlow', 1950j;
Marlow, 19S1a,
Sutherland, 19201

1981 1,300 pounds (Marlow, 981b:
Marlow, 1981c:
Marlow, 1981j)

1982 19000 pounds (Marlow, 1982a-d:
Marlow, 1982f)



1983 4,900 pounds (Unauthored, 1983;
Marlow, 1983d;
Marlow, 1983f;
Marlow, 1983g;
Marlow, 1983i:
Marlow, 1983j)

1984 424 gallons (Uriauthored, 1984c;

Unauthored, 1984f;
Unauthored, 1984g)

1,850 pounds (Unauthored, 1984d;
Unauthored, 1964e)

1985 150 pounds (Unauthored, 1985d)

ClIciu.i cyanide 1981 68 pounds (Marlow, 1981i;
Marlow, 1981j)

1982 20 pounds (Marlow, 1982e)

Carbaryl 1976 3,200 pounds (RMA, 1976)

1979 3,940 gallons (Marlow, 1979c-e)

1980 352 gallons (Marlow, 1980d-g)

1981 2,500 gallons (Marlow, 1981d-f;
Marlow, 1981i)

1982 450 gallons (Marlow, 1982e;
Marlow, 1982f)

1983 2,450 gallons (Marlow, 1983g;
Marlow, 1983h)

1984 200 gallons (Unauthored, 1984e)

Chlordane 1984 21 gallons (Unauthored, 1984e)

Copper sulfate 1943 300 pounds (CWS, 1945)

1981 80 pounds (Marlow, 1981c)

Dalapon 1985 100 gallons (Unauthored, 1985e)
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Diazinon 1979 35 gallons (Marlow, 1979a;
Marlt'w, 1979b;
Marlow, 1979f;
Marlow, 1979g;
R.A, 1952c;
Sutherland, 1979)

1980 34 gallons (Marlow, 1980b-j)

1981 105 gallons (Marlow, 1981b-d;
Marlow, 1981f-k)

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

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

1984 783 gallons (Marlow, 1984b;
Unauthored, 1924a:
Unauthored, 1984c-f;
Unauthored, 1984hj

1985 45 gallons (Unauthored, 1985a-d;
Unauthored, 1985h-k)

Dicamba 1985 2,300 gallons (Unauthored, 1985d)

Zicabha-2,4-D 1985 10,200 gallons (Unauthored, 1985e-g)

qiguat-2,4-D 1980 120 gallons (Marlow, 1980f;
Marlow, 1980h;
Marlow, 1980i)

1981 35 gallons (Marlow, 1981f)

1922 750 gallons (Marlow, 1982f)

1983 1,418 gallons (Marlow, 1983e-g)

1984 600 gallons (Unauthored, 1984c)

2925 100 gallons (Unauthored, 1965e)

Dursban 1979 250 pounds (Marlow, 1979c)

Hyvarx 1984 630 gallons (Unauthored, 1984c)

K) ::!athion 1964 30 pints (Asai, 1964;
S.... Flucke, 1964)
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SUBSTAVI u QIIY YEZEA CTAS

1966 500 pounds (Krenzer and
Morkovsky, 1966)

1979 3,940 gallons (Marlow, 1979c;
Marlow, 1979d;
Sutherland, 1979)

1980 4,700 gallons (Marlow, 1980f;
Marlow, 1980g:
Sutherland, 198C)

1981 2,500 gallons ()ýarlow, 198ld-f;
Marlow, 1981i)

1982 925 gallons (Marlow, 1982e;
Marlow, 1982f)

1983 2,300 gallons (Marlow, 1983e-g)

1984 2,250 gallons (Unauthored, 1984j:
Unauthored, 1964e,

1985 350 gallons (Unauthored, 1985--

'-a e 1980 200 gallons (Marlow, 1980f)

Ph:-s'toxin 1983 35 pounds (Marlow, 1983e;
Marlow, 1983g:

Marlow, 1983j)

1984 28 pounds (Unauthored, 1984d:
Unauthored, 1984e:
Unauthzred, 1924g)

1985 831 pounds (Unauthcred, 19G5a-f:
Unauthorez, 29..-k)

•irethrun 1979 6 gillons (Marlow, 19791:
Harlow, 19-9c:
Marlow, 1979d:
Ma. O-l ,' 1979f:

Marlow, 19799,
RY'% , 19 5 2c

1980 2 gallons (s~rlow, 19nsd-e;
Myrlow, 19EC1)

11?98 4 gal n: I I cor, 1931d-f

I9 z2 2 9a111or,1 (?r~w, 198270:
Slo , 1962f



SUBSTN T1 IC7 Q -VA3ITY FTRT2CZ3

K) 1983 20 gallons (Marlow, 1983e:
Marlow, 1983f-k)

1984 4 gallons (I'arlcw, 1983i;
Marlow, 1983k;
U.autiiored, l;84d-f)

1985 3 gallons (Unauthored, 1985g:
Unauthored, 1985h;
Unauthored, 1985k)

Rctenone 1970 50 pounds (Mullan, 1975c)

Roundup 1982 287 gallons (Marlow, 1982f)

Strychnine 1983 35 pounds (Marlow, 1983c;
Marlcw, 1983d)

Iirec 1979 4 gallons (Marlow, 1979c)

Tr4 luralin 1984 1,100 poundc (Unauthored, 1964d)

1985 460 pounds (Unauthored, 198--3)

Ureatcr 1956 7,300 pounds (RMA, 1956a;
RYA, 1956b)

1957 33,700 pounds (P .A, 1957a:
RMA, 1957b)

1960 8,000 pounds (RYA, 1960a;
KII-A, 1960b)

196i 20,000 pounds (RN-A, 1961)

2962 72,000 pounds (R'Y , 1962a"
R'IA, 19E2c)

1976 200 pounds (johnston, 1976:
Phillips, 1976)

nphosphide 19 2r 7 pounds (Marlow, 1980f)

1993 50 poun~s (Marion, 19S3d:
Unauthored, 19F3)
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TABLE II

Herbicides and Pazticidos Used at Rocky Mountain Arsenal
in Unknown Quantitios

2,4-D 1950 (Chemical Corps, 1950)

1954 (RM.A, 1 54; Shogren,
1977, p. 31)

1965 (Clevenger, 1965)

2,4,5-T 1965 (Clevenger, 1965)

Bordeaux mixture 1957 (USAEHL, 1957)

Chlordane 1950 (Chemical Corps, 1950)

1957 (USAEHL, 1957)

1959 (Ledwell, 1959)

1961 (Vining, 1961)

Crystalline copper
sulfate (Blue Vitriol) 1944 (CWS, 1945)

1945 (CWS, 1945)

L)- 1945 (Mnookin et al., 1945)

1946 (McLaughlin et al. , 194E)

1948 (Harbauqh, 1948)

19"7 (USAEHL, 1957)

1959 (Led*-ell, 1959)

1961] (Vining, 1961.)

1950s and
1960( Wichell, 1986)

"' .ldrin 1957 (USAEHL, 1957)
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Dowpon 1965 (Clevenger, 1965)

Hydrogen cyanide 1957 (RMA, 1957a-b)

Isopropyl ester of
2,4-D 1955 (RMA, 1955a; RMA, 1955b)

Karmex (Diuron) 1968 (Bartschi, 1968;
Unauthored, 1968)

Lead arsenate 1957 (USAEHL, 1957)

Lindane 1959 (Ledwell, 1959)

1961 (Vining, 1961)

1-aialathion 1957 (USAEHL, 1957)

1959 (Ledwell, 1959)

1961 (Vining, 1961)

1978 (Grodt, 1979)

.:icctine sulfate 1957 (USAEHL, 1957)

"Oil" 1944 (Shaw et Al., 1944)

1947 (McLaughlin, 1947)

_rganic phosphates 1977 (Shogren, 1977)

Taris Green 1944 (Shaw et al., 1944)

"Pat poison" 1944 (Holaday et al., 1944)

F:'tenone 1974 (Donnelly, 1974;

Mullan, 1975a-c)

Soziun arsen:te 1962 (R:A, 1962a-b)

Sojiun fluorac-eate 1955 (R.XA, 1955a-b)

1957 (USAENL, 1957)

Thallium sulfate 1957 (USAEHL, 1957)

Ureabor 1958 (RPA, 1958a-d)

1959 (RM-, 2959a-c)

ar f a r n iTi1957 (USAEH!L, 1957)
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TA3LZ III

Pazticides and Harbicia U3*d mt
Rocky Mountain Arsenal: Cone:elidatad Data'

2,4-D 1950 (Chemical Corps, 1950)

1954 (RHA, 1954; Shogren,
1977, p. 31)

1964 (Asai, 1964;
Flucke, 1964)

1965 (Clevenger, 1965)

1966 (Krenzer and
Morkovsky, 1966)

1968 (Ammon, 1967-1968)

1983 (Marlow, 1983e;
Marlow, 1983f)

1984 (Unauthored, 1984d;
Unauthored, 1984e)

(,. 2,4-D - 2,4,5-T 1984 (Unauthored, 1984d)

2,4,5-T 1965 (Clevenger, 1965)

Aluninum 1983 (Narlow, 1983f;
phosphide Marlow, 1983i)

Anticoagulant 1979 (Marlow, 1979a;
Marlow, 1979f:
Marlow, 1979g;
Marlow, 1979h;
Marlow, 1980a)

1980 (Marlow. 1980b:
Marlow, 1980c:
Marlow, 1080f-j;
Marlow, 1981a;
Sutherland, 1980)

'This table lists all pesticides and herbicides identifieJ in
Tables I and II of Appendix A.
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" 1981 (Marl ow, 1981b;
Marlow, 1981d;
Marlow, 198le-k)

1982 (Marlow, 1982a-d;
Marlow, 1982f;
Marlow, 1983a)

1983 (Marl ow, 1983b-k)

1984 (Marl ow, 1984a-b ;
Unauthored, 1984a-h)

1985 (Unauthored, 1935a-d ;
Unauthored, 1985g-k)

Banvell-2,4-D 1985 (Unauthored, 1985e)

Bor-ate-2,4-D 1980 (Marlow, 1980g;
Marlow, 19801;:
Sutherland, 1980)

1981 (Marlow, 1981d-f;
Marl~ow, 1981i)

•'•,•J19--3 (Marl ow, 1983g-k)

1984 (Unauthored, 1984d)

1985 (Unauthored, 1985d)

Bordeaux: mixture 1957 (USAEHL, 1957)

Bromacil 1985 (Unauthored, 1935d)

Erz•-:ac. l-bec ate 1979 (Yarlow, 1979a-c;
Marlow, 1979g;-
Marlow, 1979h;
Marlow, 1980a)

1980 (Marlow, 1980b-d ;
Marlow, 1980i;
Marlow, 1980j;
Marlow, 1981a;
Sutherland, 1980)

1981 (Marlow, 1981b;
"I-5rlow, 1981-;

:. Marlow, 1981i)

19B2 (Marlow, 1962a-d;
Marlow, 1982..)



SUBSTANCE• __________

1983 (Unauthored, 1983;
Marlow, 1983d;
Marlow, 1983f;
Marlow, 1983g;
Marlow, 1983i;
Marlow, 1983k)

1984 (Unauthored, 19R4c;
Unauthored, 1984f;
Unauthored, 1984g)

(Unauthored, 1984d;
Unauthored, 1984e)

1985 (Unauthored, 1985d)

Calciun cyanide 1981 (Marlow, 1981i;
Marlow, 1981j)

1982 (Marlow, 1982e)

Carbaryl 1976 (?Y.A, 1976)

? 1979 (Marlow, 1979c-e)

1980 (Marlow, 1980d-g)

1981 (Y¶arlow, 1981d-f;
MarLo,;, 1981i)

1982 tMarlow, ,982e;
Merlow, 1982f)

1963 (Marlow, 1983g;
Marlow, 1983h)

1984 (Unautho-ed, 1964e)

Cniordane 1950 (Chenical Corps, 1950)

1957 (USAEHL, 1957)

1959 'Ledwell, 1959)

1961 (Vining, 1961)

1984 (Unauthored, 1984e)

Copper sulfate 1943 (CWS, 1945)
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k• Crystalline copper
sulfate (Blue Vitriol) 1944 (CWS, 1945)

1945 (CWS, 1945)

DCPA 1981 (Marlow, 1981c)

DDT 1945 (Mnookin et al., 1945)

1946 (McLaughlin et al.,
1946)

1948 (Harbaugh, 1948)

1957 (USAEHL, 1957)

1959 (Ledwell, 1959)

1961 (Vining, 1961)

1950s and
1960s (Mitchell, 1986)

-alapon 1985 (Unauthored, 1985e)

ýv" Diazinon 1979 (Marlow, 19-va;
-o Marlow, 1979b;

Marlow, 1979f;
Marlow, 1979g:
RMA, 1952c;
Sutherland, 1979)

1980 (Marlow, 1980b-j)

1961 (Marlow, 1981b-d;
Marlow, 1981f-k)

1982 (MarJow, 1982a-g)

2983 (Marlow, 1983b-k;
Marlow, 1984a)

1984 (Marlow, 1984b:
Unauthored, 1984a;
Unauthored, 1984c-f:
Unauthored, 1984h)

2985 (Unauthorad, 1985a-d;

Unauthored, 1985h-k)

Dicamba 1985 (Unauthore2, 1985d)

:ica7-ba-2,4-D 1985 (Unauthored, 1985e-9)

Dieldrin 1957 (USAEHL, 1957)

7



SUBSTANCE X P. E7R•C•S

O Diquat-2,4-D 1980 (Marlow, 1980f;
Marlow, 1980h;
Marlow, 1980i)

1981 (Marlow, 1981f)

1982 (Marlow, 1982f)

1983 (Marlow, 1983e-g)

1984 (Unauthored, 1984d)

1985 (Unauthored, 1985e)

Dowpcn 1965 (Clevenger, 1965)

Dursban 1979 (Marlow, 1979c)

Hydrogen cyanide 1957 (RY.A, 1957a-b)

Hyvarx 1984 (Unauthored, 1984c)

:sopropyl ester of
2,4-D 1955 (MNL, 1955a; RMA, 1955t)

Farnex (Diuron) 1968 (Bartschi, 1968;
Unauthored, 1968)

Lead arsenate 1957 (USAEHL, 1957)

Lindane 1959 (Ledwell, 1959)

1961 (Vining, 1961)

!alathion 1957 (USAEHL, 1957)

1959 (Ledwell, 1959)

1961 (Vining, 1961)

1964 (Asai, 1964:
Flucke, 1964)

2966 (Krenzer and
Morkovsky, 1966)

1977 (Shogren, 1977)

1978 (Grodt, 1978)

1979 (Narlow, 1979c;
Marlow, 1979d;
Sutherland, 1979)
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SUnSTANCE __ -.

1980 (Marlow, 1980f;
Marlow, 1980g;
Sutherland, 1980)

19lI (Marlow, 1981d-f;
Marlow, 1981i)

1982 (Marlow, 1982e;
Marlow, 1982f)

1983 (Marlow, 1983d-f)

1984 (Unauthored, 1984d;
Unauthored, 1984e)

1985 (Unauthored, 1985g)

Naled 1980 (Marlow, 1980f)

Nricotine sulfate 1957 (USAEHL, 1957)

""i 1944 (Shaw et al., 1944)

1947 (McLaughlin, 1947)

2 Organic phosphates 1977 (Shogren, 1977)

Paris Green 1944 (Shaw et al., 1944)

Phostoxin 1983 (Marlow, 1983e;
Marlow, 1983g;
Marlow, 1983Y)

1984 (Unauthored, 1984d:
Unauthored, 1984e;
Unauthored, 1984g)

1985 (Unauthored, 1985a-f;
Unauthored, 1985h-k)

Pyrethrum 1979 (Marlow, 1979a;
Marlow, 1979c;
Marlow, 1979d;
Marlow, 1979f;
Marlow, 1979g;
MJA, 1952c;
Sutherland, 1979)

1980 (Marlow, 1980b-e;
.0•, larlow, 1980i)

1981 (Marlow, 1981d-ff;
Marlow, 198Th)
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SUBSTAN2Z _____

1982 (Marlow, 1982e;
Marlow, 1982f)

1983 (Marlow, 1983d;
Marlow, 1983f-k)

1984 (Marlow, 1983i;
Marlow, 1983k;
Unauthored, 1984d-f)

1985 (Unauthored, 1985g;
Unauthored, 1985h;
Unauthored, 1985k)

"Rat poison" 1944 (Holaday et al., 1944)

Rotenone 1970 (Mullan, 1975c,

1974 (Donn'.lly, 1974;
Mullan, 1975a-c)

r2Fludup 1982 (Marlow, 1982f)

Sojiu- arsenite 1962 (RMA, 1962a-b)

S:z5=iun fluoracetate 1955 (R.A, 1955a-b)

1957 (USAEHL, 1957)

Strychnine 1983 (Marlow, 1983c;
Marlow, 1983d)

Thallium sulfate 1957 (USAEHL, 1957)

im ec 1979 (Marlow, 1979c)

Triflura2in 1984 (Unauthored, 1984d)

1985 (Unauthored, 1985d)

Ureabor 1956 (PFMA, 1956a;
RMYA, 1956b)

1957 (RMA, 1957a:
IZ%, 1957b)

1958 (kMIA, 1958a-d)

2959 (RMA, 1959a-c)

1960 (PY.A, 1960a;
RM•, 1960b)

1961 ¢X, 1961)
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j 1962 (RMA, 1962a;
RKA, 1962c)

Warfarin 1957 (USAEHL, 1957)

1976 (Johnston, 1976;
Phillips, 1976)

Zinc phosphide 1980 (Marlow, 1980f)

1983 (Marlow, 1983d;
Unauthored, 1983)

,, 0
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TABLE IV

Aggregate Yearly Qunntitio of Herbicides,0 Pasticides, and Insacticid~s Used at%•'JRocky Mountain Arzanal11

I~A~Gallons 2  
______

1943 300

1944-1955 No amounts reported

1956 7,300

1957 33,700

1958 No amounts reported

1959 2,500

1960 8,000

1961 10,000

19• 2 52,000

1962 20,000

1964 3 450

1965 525

1966 750

1967 No amounts reported

1968 370

1969 No amounts reported

50

1971-1975 No amounts reported

1976 3,200

1977-1978 No amounts reported

1979 7,925 3,141

'Source: Appendix A, Table 1.

ne above-furnished quantitieL; represent actual substances
used at Pocky Mountain Arsenal as quantified in the hJstcricai
d cabase. The quantities reported in pounds (gallons) are

n.e.en.-c1int nf those reported in gallons (pounds).



1980 6,758 1,S.26

1981 5,672 1,(81 t .

1982 2,519 1,134

1983 17,121 5,289

1984 13,764 3,187

1985 18,452 1,546

1,86- No avounts reporte,.

TOTAL 72,214 2 5 -LQ-O

I
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TABLE I"1975 Pesticide Inventory, Building 544 Area

PESTICIDE QUANTITY2

2,4-D 272 gallons
2,4,5-T 25 gallons
2,4-D and 2,4,5-T 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
Carbary! 100 pounds
Chlordane 9 gallons
Copper acetoarsenite 5 pounds
DDT Powder 50 pounds
Diazinon 229 gallons
Dieldrin granules 2 pounds
S Diquat 17 gallons
Diuron 5 gallons
Diuron 50 pounds
Lidnane 10 gallons
Malathion 124 gallons
Naled 22 gallons
Poison Grain 25 pounds
Propoxur 1 gallon
Pyrethrum Roach Powder 5 pounds
Sinazine 20 pounds
Sodium 2,2-dichloropropionate 30 pounds
Strychnine Grain 38 pounds
Th iran 2 pounds
Vapona 140 strips
Warfarin 128 pounds

'Source: Hastriter and McLaurin, 1976

) 2 Quantities shown in the above chLrt reflect actual ancun=
stored but do not n-1 cezarily represent pure quantities of t';s
substance. Many named subst:ances were substantially diluted yuh
water or some other chemical prior to application.



TABLE II

1979 Pa3ticide Inventory, Building 544 and Storage Shad'

797-A Powdered Insecticide, 84 ounces Building 544
pyrethrine I percent,
silica gel 40 percent

Aldrin 110 gallons Outside Storage
Shed

ArasanR 75 2 pounds Building 544
thiram 75 percent

Arsenate of Lead 2 pounds Building 544

Baygon R Roach Bait 2.5 pounds Building 544
propoxur 2 percent

Cyanogas-AR 1 pound Building 544
Calcium Cyanide 42 percent

De-Pesterp Ded-Weedo 55 gallons Outside Storage
2,4-D Shed
2,4,-5-T

( Diquat Water Weed Killer 20 gallons Outside Storage
KY diquat dibromide Shed

35.3 percent

Experimental Anticoagulant 4.5 gallons Building 544
Dusting Powder calcium
salt of 2-substituted 1,3
indandione 2.174 percent

Herbicide Dimethy! 108 pounds Building 544
Tetrachloroterephnlate
Dachthalp W-75 DCPA
75 percent

Source: Grodt, 1979

2 Qua is shown in the above chart reflect actual amounts

stored but do not necessarily represent pure quantities of that
substance. ",any named substances were substantially dilutedJ <tr
water or some other chemical prior to application.

7.5 :)



PESTICI MOUNT ALOCATION

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 Shed

Insecticide Diazinon EC, 5.5 gallons Building 544
47.5 percent

Insecticide Diazinon EC, 1 gallon Building 544
48.2 percent, D-Tox 4E

Insecticide Diazinon Liquid 2 gallons Building 544
Residual, 0.5 percent

('l Insecticide Naled, 85 percent 14 gallons Outside Storage
Shed

Insecticide Powder Roach 5 pounds Building 544
sodium fluoride 47.5 percent
pyrethrins 0.2 percent

Insecticide Pyrethrin, 324 ounces Building 544
0.6 percent

Insecticide Strip 140 strips Outside Storage
dichorovos Shed

"-.-2athion, 57 percent 190 gallons Outside Storage
Shed

Paris Green, Copper aceto 5 pounds Building 544

arsenite 85.4 percent

Padapon dalapon 82 percent 5 pounds Building 544

Rid-A-Bird endrin 9.75 percent 1 pint Building 544

Rodenticidal Bait 150 pounds Building 544
Anticoagulant warfarin
0.025 percent

SevinA Sprayable 220 pounds Building 544
Carbary! 80 percent

S:Mazinc B, 8 80 percent ,7 pounds Building 544
S_ ... 80 8 p rc n



PESTICIDN AMOUNT LOCATION

ULD R 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

0

? i;-I
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TABLE III

1979 Pesticide Inventory, Building 6161

Amount2
Pest icide Container

Insecticide, DDT, 20 percent 990 gallons
(55- gallon drurs,

Insecticide, DDT, 20 percent 220 gallons
C) (55-gallon dr7-s-.

S oIr Grodt, 1979

2Quantities shown in the above chart reflect actual arcu
stored but do not necessarily represent pure quantities Cf th :
substance. Many namred substanceu were subtstant13lly diluteJd
water or 'ome other chemic prior to application.



TABLE IV
1979 Pesticide Inventory, Building 6181

Amount
2

Pesticide (Container)

Bordeaux Mixture 48 pounds
copper 12.75 percent (4-pound bags)

Boric Acid 10 pounds
(1-pound bottles)

Caw Caw Rope 240 feet
(bird repellant) (48-foot bundles)

DED-Weed• 165 gallons
2,4-D (55-gallon drums)
2,4,5-T

Dowpon 25 pounds
dalapon 85 percent (5-pound boxes)

Herbicide 2,4-D, 50 percent 165 gallons
(55-gallon dru-E,3, Insecticide, Diazinon 2 percent 225 gallons

Dust (25-gallon druns;

Insecticide, Lindane 1-pound/gallon 10 gallons
(5-gallon cans)

Insecticide, Naled Concentrate 25 gallons
(25-gallon druns)

F:ison Grain 50 gallons
strychnine 0.5 percent (50-gallon drums,

Tcrdon 101 Mixture 5 gallons
piclora7 39 percent (5-gallon cans)

Vilco Ground Squirrel Bait 48 pounds
chlorophacinone 0.5 percent (4-pound cans)

1Source: Grodt, 1979?

2Quantities shown in the above chart reflect actual arounts
stored but d&z not necessarily represent pure quantities of that '
substance. Many naned substances were substantially diluted with
water or so-e other chemical prior to application.



TAB3LE V

1979 pesticide3 Invantory, B,.ildirl'g78

Pest ici de 
1CoritaineT)

OYsodi mtaborate 
5pOfd9s

tetrahydrate 94 percent

bromaCil 4 percent

) i Souc e: GrOdt, 1979

stored but do not ný,cessarilY reP-resent Pure quantities of thatI

subst~afl-. Many s~~e ubs taflces werp substantially dilutel '-ýIh

W.~ater or so~ne o her hec a prior to application.
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TABLE VI
1981 pesticide Inventory, Building 6161

Amountt
2

Pest icA _C(ontainer)

Insecticide, DDT, 20 percent 990 gallons
(55-gallon dru.-.s)

Insecticide, DDT, 20 percent 220 gallons
(55-gallon dru-,-j

1 Y

Source: Grodt, 1921

2Quantities shown in the above chart reflect actual a5.unt

Stored but do not necessarily represent pure quantities of th-

substance. Many naned substances were substantially dilute: '!tn

water or sone other chemical prior to application.



TABLE VII

1981 Pasticida Invantory, Building 643

Amount

pesticide

48 pounds
Bordeaux Mixture (4-pound bags)

copper 12.75 percent

EDed 165 gallons
2,-•e (55-gallon dru•.s)
2,4-D

2,4,5-T
165 gallons

Herbicide 2,4-D, 50 percent 
(55gallons
(55-gallons drus,

lnsezticide, aldrlin 
110 gallons

(unserviceable) 
(55-gallon druns)

insect icide, 
225 gallons

Diazinon 2 percent Dust 
(25-gallon druns)

insecticide, Naled 
25 gallons

Concentrate 
(25-gallOn dr 7-

7srdon 101 Mixture 
5 gallons

P:cloran 39 percent 
(5-gallon can)

•Source: Grodt, 1981

2Qiantities shown in the above chart reflect actual anouts

stored but do rt necessrily represent pure quantitites of that

substanc.O ?ýny nar-ed subtstances ere substantially dllutei wltn

water or S07ý other chenical prior to application.



T,%BLL' VIII

1.984 pas~ticidc' Invan*Zory, 
643ig i

AMOUnt
2

Pesti. id2(otnnr

48 pounds
EBcrdeaux Mixture 4pudtosj

copper 12.7 percent(-pfl 
as

7-.E2-Weea166 
galons r

2,-0(55.-gallon 
dru7S,,

2,41,5-T

}Ferticide 2,4-D, (5100gallon dus

50 percent 
(5glo r2

n .5et a c de,110 gallons

Al d r ini e (55l-gailon d r 7c

(unserviceable)

:nsect~cide,225 
pound~s

Diazinor, 2 percent Oust 
(25-gallon drur,, :71

insEticicde, 
25 gallons

Naled Concentrate 
(25-g3allofl dr_'r"

1Source: 1a~ 9S.4

2Quantities showin in thE? 7bov.e chart refrlect actual .

stored but do not necessarily rerI n uequn~~5o h

subst ance. many na-ned substances were sxthstantially dilute--;2t

V:ater or Some other ctienical prIor to appli1cation.



TABLE IX
1984 Pesticide Inventory, Toxic StOV1ge xard

•ourit2

Pesticide IContainerl

Insecticide, 165 gallons

Heptachlor (55-gallon drurs)

~Source: Farlow, 198'

2Quantit~ies shownr in the above chart reflect- actual amounts

stored but do not necessarily represent pure quantities of that

substance. many named substances were substantially diluted w~ith

water or some other chemical prior to anPplicat~ofl.

• I;" '



1936 EQrbicido, Zodanticidq, and
Pestlcido ILventoz7, Building 7421

1X~142iLl QirtitY2

2,4-d 50 percent 3 Bags/5 poundseach
Banvel 48.2 percent 30 Each/i-gallon cans
Borocil Soil Sterilant 1 Bag/50 pounds
Dacthal W-75 WWP 4 Bags/24 pounds each
Diquat 17 Each/5-gallon cans
Embark Plant Growth Regulator,

28 percent 8 Each/i-gallon cans
Fertilome Lawn Fertilizer 48 Each/lO-pound bags
LWK No. 2 Nqeed Killer 1 Quart bottle
Ortho X-77 Spreader 29 Each/i-gallon cans
Simazine S0W 'WýP 3 Bags/5-pounds each
Tordon 101 Mixture 1 Each/5-gallon can

Rodnticidt

Anticoagulant 0.3 percent 299 Each/i-pound cans
Baygon Roach Bait 0.2 percent 1/4 Pound
Fumitoxin 55 percent 48 Flasks/2-pounds

3.28 ounces each
Phostoxin 55 percent 120 Flasks/3.3-pounds each
Zinc Phosphide 4 Bags/50-pounds each

Pesticid.e

797-A-Powder Insecticide (Pyrethrin) 8 Bulbs/30 ounces each

1.0 percent
Diazinon 0.5 percent solution 1-1/4 Gallon
Diazinon 4e 47.5 percent 14 Gallons
Diazinon Concentrate 47.5 percent E.C. 12 Gallons
Dibrom 14 (Naled) Approximately 2 Gallons
Insect Repellant (Personal Application) 17 Each dispenser/2 ounces

each

Malathion 57 percent I Each/55-gallon drum
""aled 85 percent 3-Gallon jar
Paris Green B5.4 percent 1 Each/5 pound can
Pyrethrum Roach Powder .2 percent
Sevin Carbaryl WWP

80 percent 15 Bags/10 pounds each
ULD 20 Smoke Odor Counteract 1 Gallon

ULD BP 300 3.0 percent Solution 1-1/4 Gallon
ULD CS •5 Micro Generator Cleaning 1 Gallon

Solvent

• 'Source: Marlow, 1936

2Qunntitias shown in the above chart reflect actual amounts
stored but do not necessarily represent pure quantities of that
substance. Hany named substances were substantially diluted with
water or some other chemical prior to application.
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TABLE II
0 ,,ormn" psticde nd Zorbicida concentration

Levels inl and 5,i)dzant Simplv Taon frcm

sBlacted I\oY ta!lation3 Using Pzsticides and

Ilabicidas, 1975 Through 10731

compound/ Araft Yearly Mean Concentrations

C4oipoun/ Rre5-n- - 19-7 8

Chlordane Sediment 
Less than 0.06

Residential 
Between 0.1 and 0.4

Pesticide shop and Between 2.3 and 3.3

storage
Other selected areas Between 0.25 and 0.5

Tctal DDT Sediment 
Between 0.06 and 0.25

including DODD Residential 
Between 0.50 and 0.75

and DDE Pesticide shop and About 2.0

storage
Other selected areas About 1.0

Cyclodienes like Sediment Less than 0.06

Aidrin, Residential 
Between 0.2 and 0.4

Dieldrin, and Pesticide shop and Between 2.2 and 3.3

Ed rstorage
Erother selected areas Between 0.2 and 0.5

Crganophosphates Sedirent 
0.0

like Malathion, Residential 
0.0

Chlorpyrifor Pesticide shop and Between 0.5 and 1.5

Diazinon, storage

Parathion, and Other selected areas Less than 0.05

Ronnel

"?AV" including Sedirent 
0.0

L.nPn esidential 
0.0

Pesticide shop and Less than 0.21

storage
Other selected areas Less than 0.051

•Source: McDernott, 19SI

~2o units are specified in the pages repo..rti these da.a.

A review of the renainder of the document and of other r•','ht

doccurens irdicates that all concentrations are in parts pIEr

million.
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TABDLE 11:1

C) LZv~a1Utiof of Pastician Di3tribution~ in

0,2~Ct~ CopO~Jt~of the Environmenft

of Rocky Mou.1ftzif Arm42t1l, 1975: ptc~ rf

Concenltration~

Number of Hunrzar of Range (parts 14an

gubitraIt OaMy1 O3 Pet iscidS pe~r 1lýic~n)

soi8i 
14 BDL 2-294.33 Ip.99

Sedin~eft 
7 4 BDL 2-0.13 0.05

Fish 
4 8 0.12-3-53

ISource: C3Ai Idgt jl., 9 -7

2 % e o w d 2t ec tiof , m t _ n p ,25 ,c i d e 5 w e r e d e te c t ed a t he

C-5



Table IV

0 Zvalu~tioT1 of pzsticida Dimtribution in

Balactad CO Ionant3 Of th' nbrb~n

concantratiOD3 02 2,0tici&dr

IMator P03ticide(s):

Envir~tnta NotRoported

concentration (5)2

Soil 
34.4d00

pesticide Shop
chl ordafle

131.533

DDT group3
93.53

Djeldrin
33.240

;estjcide Storage X .ira5

Dieldr2in
4.44

Landfill 
X

FeVsjdential 
X

ca.ntcnrent 
X

'Source: C) ds ?St ?1ý- 1973S

5.0 ppn .d~ft a bove 0.1 PPM, and~ fish above 1.0 Ppm.

3This Iroup incudis Do, ODUE, and ODD.

C-63



major Pesticide(s):

Naot 
Reportad Concontration (s)•nvro~ntl Nt.2 2csmv ipts ry mill i_ýn~q

Recreation 
X DDT group3

11.69

Sediment
Stream/originating 

X Chlordane

]rpounded water X

Fi sh
I pounded 

X Dieldrin
1.120

3 2 3 ý
- ~t'.c'*~C-7 
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Ammon, V. D. 1967-1966. Seasonal report for site number 6.

Weed and insect control, pp. 56-58. Rocky Mountain Arsenal.

Microfilm R.MA180, Frames 0381-0440, at 0434-0436.

Asai, G. N. 1964, August 17. Memorandum for record. Insect

control program at site no. 6. Rocky Mountain Arsenal.

Microfilm RMAISI, Frames 0974-0975. I
Bartschi, D. Y. 1968, October 1. Visitation report. Fishery

Management Program, Rocky Mountain Arsenal. United States

Department of the Interior. Microfilm RFA001, Frames 03871-

0390, at 0389.

Chemical Corps. 1950, March 14. Planned program for standby

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

Rocky Mountain Arsenal. Microfilm RLA3O6, Frames 1238-1243,
at 1239-1241.

Chemical Warfare Service (CWS). 1945, August 15. History of

Rocky Mountain Arsenal, vol. VI, part VI, pp. 1937-1938.

Microfilm RSA010, Frames 2037-2038.

Clevenger, N. L. 2965, October 29. 1965 seasonal report. Site

no. 6, pp. 4, 18-20. Rocky Mountain Arsenal. Microfilm

PUKAlSD, Frames 0298-0320, at 0301, 0315-0327.

Cordo, P. J. 1973, December 21. Memorandur., with enclosures, to

Commander, Rocky Mountain Arsenal. Pesticide monitoring

program.: Analys.s of water samples for pesticide reside.

United States Army Medical Laboratory, Fort Baker,

California. Microfiln PY.A069, Frames 1010-1012.
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Cordo, P. J. 1974, April 23. Memorandum, with enclosures, to

Commander, Rocky Mountain Arsenal. Pesticide monitoring

program: Analysis of a sediment sample for pesticide

residues and a water sample for heavy metals. United States
Arry Medical Laboratory, Fort Baker, California. Microfilm.

RMA069, Frames 1007-1009.

Donnelly, G. F. 1974, July 15. Letter to J. W. Mullan, Bureau

of Sport Fisheries and Wildlife, United States Department of

Interior, Fish and Wildlife Service, Utah. Survey of Lake

Mary at Rocky Mountain Arsenal. Department of the Army,

Rocky Mountain Arsenal. Microfilm RFA0O01, Frames 0459-0460.

Farlow, J. E. 1984, March 7. Memorandum to Commander, United

States Army Materiel Development and Readiness Command, K
Alexandria, Virginia. Installation Pest Management Program

Review No. 16-66-0532-84 (ER), Rocky Mountain Arsenal,

February 22-29, 1984. United States Army Environmental

Hygiene Agency, Aurora, Colorado. Microfilm RAA064, Frames

2050-2058.

Flucke, E. E. 1964, September 1. Seasonal operational report.

site no. 6, pp. 4, 23. Rocky Mountain Arsenal. Microfilm

P:AIlS0, Frames 0196-281, at 0199, 0228.

Grodt, R. G. 1979, April 27. Memorandum to Commander, United

States Arry Materiel Development and Readiness Command,

Alexandria, Virginia. Installation Pest Management Program

Review No. 16-66-0590-79, Rocky Mountain Arsenal, February

7-8, 1979. United States Army Environmental Hygiene Agency,

Denver, Colorado. Microfilm P.A051, Frames 1287-1310, at
1)01-1306.
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Grodt, R. G. 1981, April 21. Memorandum to Commander, United

States Army Materiel Development and Readiness Command,

Alexandria, Virginia. Installation Pest Management Progra7-

Review No. 16-66-0582-8, Rocky Mountain Arsenal, March 30-

April 1, 1981. United States Army Environmental Hygiene

Agency, Aurora, Colorado. Microfilm RM.A051, Frames 1169-

1174, at 1174.

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

Industrial hygiene and sanitation committee meeting. Rocky

Mountain Arsenal. Microfilm RSA017, Frame 0309.

Hastriter, M. W. and B. F. McLaurin. 1976, June 22. Installation

Pest Management Program Survey No. 66-502-76, Rocky

Mountain Arsenal, October 6-9, 1975. United States Army1

Environmental Hygiene Agency, Denver, Colorado. Microfilm

RAA062, Frames 1961-1979.

Hcladay, X. W. et al. 1944, November 18. Memorandum to
Commanding Officer. Industrial hygiene and sanitation

committee meeting, p. 3. Rocky Mountain Arsenal. Microfilm

RSA017, Frames 0364-0366, at 0366.

Johnston, L. 1974, December 19. Memoranduns, with enclosure, to

Commander, Rocky Mountain Arsenal. Pesticide monitoring i
program: Analysis of water and sediment samples for

pesticide residues. United States Army Environmental

Hygiene Agency, Regional Division, Fort Baker, California.

Microfilm RYVA069, Frames 1022-1023.

Johnston, L. 1976, August 3. Memorandum for record. Control of

prairie dogs and associated fleas, Rocky Mountain Arsenal.

Pocky Mountain Arsenal. Microfilm RMA101, Frames 0207-020S,

at 207.

"renzer, P. J. and P. E. Morkovsky. 1966, October 19. Seasonal

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

Microfilm PYj.180, Frames 0349-0358, at 0351, 0360, 0366.
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Larsen, J. H. 1974a, April 8. Memorandum, with enclosures, to

Commander, Rocky Mountain Arsenal. Pesticide monitoring

program: Analysis of water samples for heavy metals.

United States Army Medical Laboratory, Fort Baker,

California. Microfilm RMA069, Frames 1016-1018.

Larsen, J. H. 1974b, April 15. Memorandum, with enclosures, to

Commander, Rocky Mountain Arsenal. Pesticide monitoring

program: Analysis of water and soil samples for pesticide

residues. United States Army Medical Laboratory, Fort

Baker, California. Microfilm RMA053, Frames 0312-0314.

Larsen, J. H. 1974c, May 15. Memorandum, with enclosure, to

Commander, Rocky Mountain Arsenal. Pesticide monitoring

program: Analysis of a water sample for pesticide residues.

United States Army Medical Laboratory, Fort Baker,
California. Microfilm RXA069, Frames 1005-1006.

Larsen, J. H. 1974d, May 22. Memorandum, with enclosure, to

Commander, Rocky Mountain Arsenal. Pesticide monitoring

program: Analysis of a water sample for heavy metals.

United States Army Medical Laboratory, Fort Baker, V

California. Microfilm RVA069, Frames 1002-1004.

Larsen, J. H. 1974e, August 22. Memorandum, with enclosure, to

Commander, Rocky Mountain Arsenal. Pesticide monitoring

program: Analysis of soil samples for pesticide residue.

United States Army Medical Laboratory, Fort Baker,

California. Microfilm -MA069, Frames 0990-0991.

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

No. 3436531-59/60. Building 543, p. 2. U. S. Army

Environmental Health Laboratory, Army Chemical Center,

Maryland. Microfilm PAA065, Frames 0171-0177, at 0172.

Marlow, D. J. 1979a, April 4. Pest control report, March 1979.

Rocky Mountain Arsenal. Microfilm PR.M1I,2, F:rames 2035-2040.
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Marlow, D. J. 1979b, May 10. Pest control report, April 1979. V

Rocky Mountain Arsenal. Microfilm RI4A182, Frames 2028-2022.

Marlow, D. J. 1979c, July 13. Pest control report, June 1979.

Rocky Mountain Arsenal. Microfilm RMAI82, Frames 2014-2019.

Marlow, D. J. 1979d, August 17. Pest control report, July 1979.

Rocky Mountain Arsenal. Microfilm RMA182, Frames 2068-2073.

Marlow, D. J. 1979e, September 14. Pest control report, August /
1979. Rocky Mountain Arsenal. Microfilm RMA182, Frames
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Marlow, D. J. 1979f, October 12. Pest control report, September

1979. Rocky Mountain Arsenal. Microfilm RMA182, Frames

2054-2060. t
Marlow, D. J. 1979g, November 8. Pest control report, October

1979. Rocky Mountain Arsenal. Microfilm PY..A152, Frames i
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Marlow, D. J. 1979h, December 12. Pest control report, Novem.ter

1979. Rocky Mountain Arsenal. Microfilm RI'A182. Frames

2042-2047.

Marlow, D. J. 1980a, January 10. Pest control report, December

1979. Rocky Mountain Arsenal. Microfilm RMAlS2, Frames
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Marlow, D. J. 1980b, February 7. Pest control report, January

1980. Rocky Mountain Arsenal. Microfilm RMAI82, Frames

1937-1944 .

Marlow, D. J. 1980c, February 13. Pest control report, Fetruary

1980. RocY.y Mountain Arsenal. Microfilm R.1A182, Frames

19946-1951. I
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Marlow, D. J. 1980d, April 15. Pest control report, March 1980.Q Rocky Mountain Arsenal. Microfilm RI1A182, Frames 1953-1959.

Marlow, D. J. 1980e, May 9. Pest control report, April 1980.

Rocky Mountain Arsenal. Microfilm RlA182, Frames 1961-1966.

Marlow, D. J. 1980f, July 14. Pest control report, June 1980.

Rocky Mountain Arsenal. Microfilm RMA182, Frames 1968-1972.

Marlow, D. J. 1980g, August 6. Pest control report, July 1980.

Rocky Mountain Arsenal. Microfilm R.A182, Frames 1975-1980.

Marlow, D. J. 1980h, October 8. Pest control report, Septenber

1980. Rocky Mountain Arsenal. Microfilm RMA182, Frames

1985-1990.

Marlow, D. J. 1980i, November 5. Pest control report, October

1980. Rocky Mountain Arsenal. Microfilm RMYl82, Frames0 1992-1997.

Marlow', D. J. 1980j, December 8. Pest control report, November
1980. Rocky Mountain Arsenal. Microfilm P.A182, Frames

1999-2004.

Varlow, D. J. 1981a, January 8. Pest control report, December

1980. Rocky Mountain Arsenal. Microfilm Rn!2182, Frames

2006-2011.

Marlow, D. J. 1982b, March 5. Pest control report, February

1981. Rocky Mountain Arsenal. Microfilm RMA182, Frames
S~1824-1829.

Marlow, D. J. 1981c, May 15. Pest control report, April 19;1.

Rocky Mountain Arsenal. Microfilm RMAlS2, Franes 1838-1S64.] Marlow, D. J. 1981d, June a. Pest control report, May 1961.

Rocky Mountain Arsenal. Microfilm PVJ282, Frames 1859-1SE4.
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Marlow, D. J. 1981e, July 10. Pest control report, June 1981.

!i Rocky Mountain Arsenal. Microfilm RMA182, Frames 1866-1871.

Marlow, D. J. 1981f, August 5. Pest control report, July 1981.

Rocky Mountain Arsenal. Microfilm RMA182, Frames 1873-1878.

Marlow, D. J. 1981g, September 3. Pest control report, August

1981. Rocky Mountain Arsenal. Microfilm RIMA182, Frames
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Marlow, D. J. 1981h, October 5. Pest control report, September

1981. Rocky Mountain Arsenal. Microfilm RMAl82, Frames
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Marlow, D. J. 1981i, November 2. Pest control report, October

1981. Rocky Mountain Arsenal. Microfilm RMAl82, Frames
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1981. Rocky Mountain Arsenal. Microfilm RMIS82, Frames

1901-1906.

Marlow, D. J. 1981k, December 30. Pest control report, December

1981. Rocky Mountain Arsenal. Microfilm RMA182, Frames

1915-1920.

Marlow, D. J. 1982a, January 27. Pest control report, January

1982. Rocky Mountain Arsenal. Microfilm PA182, Frames

1764-1769.

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

1982. Rocky Mountain Arsenal. Microfilm RMAIS2, Frames

1772-2776.

Marlow, D. J. 1962c, April 12. Pest control report, March 19S2.

": Rocky Mountain Arsenal. Microfilm RMA182, Frames 1775-17SZ.
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Marlow, D. J. 1982d, June 1. Pest control report, May 1982.

Rocky Mountain Arsenal. Microfilm RMAl82, Frames 1792-1797.

Marlow, D. J. 1982e, July 1. Pest control report, June 1982.

Rocky Mountain Arsenal. Microfilm RMA182, Frames 1799-1804.

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

Rocky Mountain Arsenal. Microfilm PM.AI82, Frames 1806-1811.

Marlow, D. 3. 1983a, January 5. Pest control report, December

1982. Rocky Mountain Arsenal. Microfilm RM.AI82, Frames

1813-1814.

Marlow, D. J. 1983b, February 9. Pest control report, January

1983. Rocky Mountain Arsenal. Microfilm RMAl82, Frames

1714-1715.

Marlow, D. J. 1983c, April 5. Pest control report, March 19F3.

Rocky Mountain Arsenal. Microfilm RMA182, Frames 1723-1724.

Marlow, D. J. 1983d, May 3. Pest control report, April 1983.

Rocky Mountain Arsenal. Microfill R..•S2, Frames 1732-1733.

Marlow, D. J. 1983e, June 2. Pest control report, May 1983.

Rocky Mountain Arsenal. Microfilm PMA182, Frames 1734-1737.

Marlow, D. J. 1983f, July 1. Pest control report, June 19S3.

Rocky Mountain Arsenal. Microfilm RYA182, Frames 1738-1739.

Mario*., D. J. 1983g, August 2. Pest control report, July 1963.

Rocky Xouiitain Arsenal. Microfilm RX.A182, Frames 1743-1744.

Marlow, D. J. 1983h, August 31. Pest control report, August

1923. Rocky Mountain Arsenal, Microfilm Rm-182, Frames

1740-1741.
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Marlow, D. J. 1983i, October 3. Pest control report, September

) 1983. Rocky Mountain Arsenal. Microfilm RMIA82, Frames

1746-1747.

Marlow, D. J. 1983j, November 9. Pest control report, October

1983. Rocky Mountain Arsenal. Microfilm RMAl82, Frames

1749-1750.

Marlow, D. J. 1983k, November 30. Pest control report, Novenber

1983. Rocky Mountain Arsenal. Microfilm RMAl82, Frames

1751-1752.

Marlow, D. J. 1984a, January 3. Pest control report, December

1983. Rocky Mountain Arsenal. Microfilm RMAl82, Frames

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 Mountain Arsenal. Microfilm RM.A182, Frame 1677.

McDermott, F. E. 19SI, March 23. Part I1, Pesticide Monitoring

Special Study No. 17-44-0230-81: Review of the Department

of the Army pesticide monitoring program, evaluation of scil

and sediment samples collected during calendar years 1975-

1978. United States Army Environmental Hygiene Agency,

Aberdeen Proving Ground. Microfilm PYA051, Frames 1169-

1246.

McLaughlin, J. et al. 1946, July 17. Memorandum to Commanding

Officer. Industrial Hygiene and sanitation committee

meeting, p. 2. Rocky Mountain Arsenal. Microfilm RSA027,

Frames 0345-0346, at 0346.
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Mitchell, X. D. 1986, March 21. Deposition transcript, vol. VI,

pp. 553-558, 562-564, 628. u e t rsus Shell Oil

C.manY, Civil Action No. 83-C-2379.

Mnookin, N. M. lt al. 1945, April 20. Memorandum to Commanding

General. Industrial hygiene and sanitation committee

meeting, p. 3. Rocky Mountain Arsenal. Microfilm RSA017,

Frames 0352-0353, at 0354.

Mullan, J. W. 1975a, January 14. Annual project report, 1974

fishery management program, Rocky Mountain Arsenal. Bureau

of Sport Fisheries and Wildlife. Microfilm RFAO01, Frames

0362-0365.

Yullan, J. W. 1975b, May 6. Trip report pertinent highlights,

April 23 through May 2, 1975. Microfilm RFA001, Frares

0452-0456.

K79 Mullan, J. W. 1975c. Special project report. Fishery

management program, Rocky Mountain Arsenal. United States

Department of the Interior, Fish and Wildlife Service,

Vernal, Utah. Microfilm RFAJ01, Frames 0338-0361, at 0339-

0349.

Olds, Y. L., C. C. Roan, and R. T. Wangemann. 197S, May 19.

Pesticide Monitoring Special Study No. 44-0158-78:

Evaluation of pesticide distribution in selected components

of the environment of Rocky Mountain Arsenal, calendar year

1975. United States Arry Environmental Hygiene Agency,

Aberdeen Proving Ground, Maryland. Microfilm R3A002, Frares

0162-0184.

Rocky Mountain Arsenal (PYA). 1952a, June. History of Pz:):y

Mountain Arsenal, April 1, 1952 throu'gh June 30, 1952.

Microfilm PY-192, Frames 1612, 1621.
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Rocky Mountain Arsenal (RMA). 1952b. History of Rocky Mountain

SArsenal, July 1, 1952 through September 30, 1952. Microfiln

RMA192, Frame 1930.

Rocky Mountain Arsenal (PMA). 1952c, December. History of Rocky

Mountain Arsenal, October 2, 1952 through December 31, 1952,

p. 21 and 23. Microfilm RMAI92, Frames 2029, 2060.

Rocky Mountain Arsenal (RM.A). 1954. History of Rocky Mountain

Arsenal, July 1, 1954 through September 30, 1954, p. 40.

Microfilm RSAO07, Frame 0316.

Rocky Mountain Arsenal (RMA). 1955a. History of Rocky Mountain

Arsenal, April 1, 1955 through June 30, 1955, p. 24.

Microfilm RSAOl2, Frame 1573.

P.oc:ky Mountain Arsenal (RXA) . 1955b. History of Rocky Mountain

Arsenal, July 1, 1955 through September 30, 1955, p. 34.

Microfilm RSA007, Frame 0719.

Rocky Mountain Arsenal (RY.A). 1955c. History of Rocky Mountain

Arsenal, October 1, 1955 through Deýcember 31, 1955, p. 30.

Microfilm RXA193, Frame 1282.

Rock:y Mountain Arsenal (.XA) . 1956a. History of Rocky Mountain

Arsenal, July 1, 1956 through September 30, 1956, p. 25a.

Microfilm PSAO14, Frame 0045.

Pocl:y Mountain Arsenal (PYA). 1956b. History of Rocky Mountain

Arsenal, October 1, 1956 through December 31, 1956, p. 23.

Microfilm RSA04, Frame 0135.

Rocky Mountain Arsenal (Rý2). 1957a. History of Pocky Mountain

Arsenal, 3anuary 1, 1957 through Marzh 32, 1957, p. 25.

Microfilm PSAO14, Frame 0248.
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Rocky Mountain Arsenal (RYA). 1957b. History of Rocky Mountain

Q Arsenal, April 2, 1957 through June 30, 1957, p. 27.

Microfilm P.MA194, Frame 0244.

Rocky Mountain Arsenal (RMA). 1958a. History of Rocky Mountain

Arsenal, January 1, 1958 through March 31, 1958, p. 24.

Microfilm RMA194, Frame 0431.

Rocky Mountain Arsenal (RMA). 1958b. History of Rocky Mountain

Arsenal, April 1, 1958 through June 30, 1958, p. 20.

Microfilm RM194, Frame 0489.

Rocky Mountain Arsenal (RIMIA). 1958c. History of Rocky Mountain

Arsenal, July 1, 1958 through September 30, 1958, p. 27.

Microfilm RMA194, Frame 0563.

Rocky Mountain Arsenal (RYA). 1958d. History of Rocky Mountain

Arsenal, October 2, 2958 through December 31, 1958, p. 32.

I.7 Microfilm R.A194, Frame 0630.

Rocky Mountain Arsenal (RY.A) . 1959a. History of Rocky Mountain

Arsenal, January 1, 1959 through March 31, 1959, p. 38.

Microfilm RMA194, Frane 0702.

Rozk'y Mountain Arsenal (R.MA). 1959b. History of Rocky Mountain

Arsenal, April 1, 1959 through June 30, 1959, p. 28.

Microfilm PRMA194, Frame 0762.

Rocky Mountain Arsenal (RwA). 1959c. History of Rocky Mountain

Arsenal, October 2, 1957 through December 31, 1957, p. 30.

Microfilm F.MA194, Frame 0924.

Rocky Mountain Arsenal (PY.A). 1960a. History of Pocky Mountain

Arsenal, January L, 1960 through March 31, 1960, p. 30.

M i •Crfl1 IT.1 A194, Frame 0990.
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Rocky Mountain Arsenal (RM.A). 1960b. History of Rocky Mountain

0 Arsenal, April 1, 1960 through June 30, 1960, p. 35.

Microfilm RMA194, Frame 1075.

Rocky Mountain Arsenal (PRA). 1961. History of Rocky Mountain

Arsenal, October 1, 1961 through Decenber 31, 1961, p. 35.

Microfilm RMA194, Frame 1547.

Rocky Mountain Arsenal (P.XA). 1962a. History of Rocky Mountain

Arsenal, January 1, 1962 through March 31, 1962, p. 30.

Microfilm RY.A194, Frame 1618.

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

Arsenal, April 1, 1962 through June 30, 1962, p. 35.

Microfilm RSAOl4, Frame 1843.

Roc}:y Mountain Arsenal (PYA) . 1962C. History of Rocky Mountain

Arsenal, October 1, 1962 through December 31, 1962, p. 29.0 Microfilm PRMAI94, Frame 1841.

Rocky Mountain Arsenal (RV.A). 1976. History of Rocky Mountain

Arsenal, July 1, 1975 through September 30, 1976, p. 72.

Microfilm VAl196, Frames 0543-0660, 0617.

Sha;:, J. W. et al. 1944, May 22. Memorandum to Commanding

Officer. Industrial Hygiene and sanitation committee

meeting, p. 1. Rocky Mountain Arsenal. Microfilm RSA017,

Frames 0373-0375, at 0373.

Shogren, D. L. et al. 1977, January. Land management plan, pp.

31, 34. Rocky Mountain Arsenal. Microfilm RMAi50, Frames

0484-0538, at 0533, 0536.

Smith, D. P. 1952, June 23. Staff Meeting No. 70. Production

Division, p. 2. Rocky Mountain Arsenal. Microfilm RLA007,
3 jFrames 2134-2137, at 2135.
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Sutherland, R. L. 1979, June 12. Pest control report, May 1979.

Rocky Mountain Arsenal. Microfilm RMAI82, Frames 2020-2026.

Sutherland, R. L. 1980, September 4. Pest control report,

August 1980. Rocky Mountain Arsenal. Microfilm RMAl82,

Frames 1982-1983.

Unauthored. 1968, August 29. Aquatic weed control on Lake Mary,

p. 2. United States Department of the Interior. Microfil.

RFAO01, Frames 0462-0463, at 0463.

Unauthored. 1983, February. Pest control report, February 1983.

Rocky Mountain Arsenal. Microfilm RM.A182, Frames 1716-1721.

Unauthored. 1984a, February. Pest control report, February

1984. Rocky Mountain Arsenal. Microfilm R•w182, Frame

1709.

SlUnauthored. 1984b, March. Pest control report, March 1964.

Rocky Mountain Arsenal. Microfilm R•V.A12, Frame 1708.

Unauthored. 1984c, April. Pest control report, April 1984.

Rocky Mountain Arsenal. Microfilm RMk82, Frame 1707.

Unauthored. 1984d, May. Pest control report, May 1964. Rocky

Mountain Arsenal. Microfilm RYýA•82, Frames 1705-1706.

Unauthored. 1984e, August. Pest control report, August 1984.

Rocky Mountain Arsenal. Microfilm RYAIS2, Frame 1702.

Unauthored. 1984f, September. Pest control report, Septe-ber

1984. Rocky Mountain Arsenal. Microfilm RMLA182, Frames

1701.

Unauthored. 1984g, October. Pest control report, October 19F4.

Rocky Mountain Arsenal. Microfilm R',AL12, Frame 1700.
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Unauthored. 1984h, November. Pest control report, November

1984. Rocky Mountain Arsenal. Microfilm R.A182, Frames

1699.

Unauthored. 1985a, January. Pest control report, January 1985.

Rocky Mountain Arsenal. Microfilm RXAl82, Frame 1686.

Unauthored. 1985b, February. Pest control report, February

1985. Rocky Mountain Arsenal. Microfilm RYIA82, Frame

1687.

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

Rocky Mountain Arsenal. Microfilm RM.A182, Frame 1688.

Unauthored. 1965d, March. Pest control report, March 1985.

Rocky Mountain Arsenal. Microfilm RM.AIC2, Frame 1689.

Unauthored. 1985e, May. Pest control report, Maý 1985. Rocky t

Mountain Arsenal. Microfilm PUMA182, Frame 1690.D>
Unauthored. 1985f, June. Pest control report, June 1985. Rocky

Mountain Arsenal. Microfilm RmAI82, Frame 1691.

Unauthored. 1985g, July. Pest control report, July 1985. Rocky

Mountain Arsenal. Microfilm RMMAl82, Frame 1692.

Unauthored. 1985h, August. Pest control report, August 198E-..

Rocky Mountain Arsenal. Microfilm RM.A182, Frame 1693.

Unauthored. 1985i, September. Pest control report, September

1985. Pocky Mountain Arsenal. Microfilm RMAI82, Frame

1694.

Unauthored. 1985j, October. Pest control report, October 1985.

Rocky Mountain Arsenal. Microfilm MktAI2, Frame 1695.
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Unauthored. 1985k, November. Pest control report, November

1985. Rocky Mountain Arsenal. Microfilm RMA182, Frame

1696.

United States Army Environmental Health Laboratory (USAEHL).

1957, July 12-17. Industrial Hygiene Survey No. 2701356-57:

Facilities maintenance branch, p. 7. Army Chemical Center,
Maryland. Microfilm RAA065, Frames 0178-0185, at 0184.

Vining, J. F. 1961, August 9-11. Industrial Hygiene Survey No.

3865549-61/62. Building 544, p. 8. United States Army

Environmental Hygiene Agency, Army Chemical Center,

Maryland. Microfilm RAA065, Frames 0469-0492, at 0476.
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