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Statistical Analysis of PCB Content of Monkey Tissue

INTRODUCTION

This report covers the statistical analysis of analytical data collected
from a subacute feeding study on the concentrative effects of polychlori-
nated biphenyls on adult Rhesus monkeys and their offspring. (Report
MDA-041, "PCB Content of Monkey Tissue” - Beverly J. Warner, 7 May 1979).
The following description of the study is the introduction from that
report.

"This study {s designed to determine the concentrative effects of poly-
chlorinated biphenyl (PCB) compounds in a subacute feeding program in-
volving forty-eight adult Rhesus monkeys and their subsequent offspring.

The Rhesus monkeys were fed Aroclor 1254 (a PCB compound composed of 12
carbon atoms and 54% chlorine per PCB molecule) as a supplement to their
diet. The feeding study was conducted by Litton Bfonetics, Kensington,
Maryland, for a period of one year. Fat tissue biopsies of the aduit
animals were taken by the Litton Laboratory and shipped to MRC for the
analysis of PCB content periodically during the feeding study lapproxi-
mately every two months) and during an eight-month relaxation pertod
following the feeding study. In additfon to the aduit fat samples
analyzed, numerous infant skin and fat samples, and colostrum (mtlk),
placenta, and blood serum samples were analyzed on an intermittent basis.
At the termination of the project, liver biopsies were also provided for
a1l adult animals and several infants. In all, in excess of seven hundred
fndividual analyses were performed for PCB by various extraction techniques
followed by electron capture gas chromatography (EC-GC). The analysis techni-
ques utilized and the data accusulated are presented in the following
sections of this report.”

The statistical analysis centers primarily on the aduit fat and adult
liver samples which had relatively complete and well-balanced data. MNo
samples were excluded. Oata were not complete for the baby skin, baby fat
and milk samples, but these are presented for inspection, with statistical
analyses where applicable.

A1l the data treated were assumed to be log-normally distributed, and
averages and confidence 1imits were calculated on this basis and converted
back to the original scale.

SUMMARY OF RESULTS

Adult Fat Samples (male and female)

PCB level in adult fat samples for animals fed the highest amount of PCB
1s significantly higher than control from one month through 20 months.
Average PCB in tissues for this period s 28.2 PPM (wet weight basis) and
53.5 PPM (11pid weight basis).
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PCB tevel in adult fat samples for animals fed the medium Tevel of PCB
is significantly higher than control from 4 months through 20 months.
Average PCB in tissues for this period is 13.2 PPM (wet weight basis)
and 20.5 PPM (1ipid weight basis).

PCB level in adult fat samples for animals fed the low level of PCB is
significantly higher than control from 7 months through 20 months. Average
PCB in tissues for this period is 2.8 PPM (wet weight basis) and 4.2 PPM
(1ipid weight basis).

PCB level in adult fat samples for control animals (no PC8 fed) averaged
0.30 PPM (wet weight basis) and 0.55 PPM (1ipid weight basis) for the
period from 1 to 20 months.

Adult Liver Samples - 20 Months (male and female)

PCB tevel tn adult liver samples fncreased in proportion to the amount fed.
On a wet weight basis, the control samples averaged 0.076 PPM, low level
samples averaged 0.4 PPM, medium level samples 0.81 PPM and high leve)
samples 2.43 PPM. "On a 1ipid weight basis, these results were 2.2 PPM,

10 PPM, 23 PPM and 75 PPM respectively.

Bady Skin Samples

PC8 levels found in baby skin samples increased with increasing PC8 in
parents' diet, and with sampling time up to 7/31/78 (insufficient data for
statistical analyses).

Baby Fat Samples

PCB levels found in baby fat samples increased with increasing PCB in parents’
diet, and with sampling time up to 7/31/78 (insufficient data for statistical
analysis).

Milk Samples

There was a significant increase of PCBs in milk as a function of the PCB
Tevel in the feed. The data were too widely scattered to determine what
kind of mode) best fit the data. The linear mode) gave the following
equation:

Amt. PCB in milk = 0.094 + 0.0097 (amt. PCB fed). The correlation
coefficient was 0.92, significant at 99.9% P<0.001.

DESCRIPTION OF STATISTICAL APPROACH

Adult Fat Samples - Net Weight and Lipid weight Pasis

Table I shows the output from a computer program which calculates the 95%
confidence limits of the mean of the amount PCB found in the adult fat
samples. The program converts the data to logarithms, calculates the mean
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and standard deviation of PCB found for each level fed at each sampling time.

then calculates 95% confidence 1imits of the means of the logarithms. This
information is converted back to PPM, and 95% confidence limits of the mean
are reported in PPM and as percent of the mean.

Table Il is a summary of the averages by month for each level of PCB fed.
Table [II gives specific statistical conclusions by month.

Figures la and b are composite plots of the means and 95% confidence
Timits of PCB found for each level fed vs. sampling time. The test for
significance was based on the degree to which the 95% confidence limits of
the means overlapped. The least significant difference (95% level) between
the means is approximately 2.828 standard deviations. ihen there is no
overlap of the 95% confidence limits, the means are approximately 4 standard
deviations apart. The individual comparisons can be confirmed using
Students’' ¢ test.

Adult Liver Samples - End of Study

The procedure fof calculating confidence 1imits of the means is the same
as in Adult Fat Samples. Figures 2a and 2b show the means and confidence
limits of the means for PCEs found at each level of PCB fed.

Least squares lines were determined for the average PCEs found vs. amount
PCB fed. For 1ipid wefght samples

PPM found (1ipid) = 4.6 + 0.7 (PPM in feed). For wet weight
samples PPM found (wet) = 0.20 + 0.022 (PPM in feed).

Both these equations were significant at 99.9% (p<0.001)

Bady Skin Samples

Table IV shows average PPM found on wet wetght basfs in baby skin as related
to level fed to parents, and sampling time. Lipid weight results are not
shown because of extreme variation in 1ipid weight to sample weight ratio.

Baby Fat Samples

Table IV shows average PPM on wet basis, presented as indicated in paragraph
under Adult Fat Sampies.

Milk Samples

Table V shows the average PPM found in milk samples, presented as related
to PCBs consumed.
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DISCUSS [ON

The foregoing analysis of the data is an attempt to describe the effects
of varicus levels of PCB in the diet on the resuiting amount of PCB found
in the animal tissues. No attempt was made to fit any sort of theoretical
model, but the adult fat data may be sufficiently consistent to support
such an approach. In addition, we have not tried to relate PCB levels to
toxicology data, but recommend that this be done when the latter are
available.
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FIGURE 1b
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PCB in Adult Fat Samples - Lipid Weight Basis
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TaRe n
Averages flog ®3is) - lrgatments and Contro)
Table 6 Toble 7 Table 9 Table 10 Tablo 11 Table 12 Table 13 Table 14 Taple IS Table V6 Teble Y4 Tatle 19
. 1 1. Im. 1%, 1M . . 1w W, 16 w.  20m
ot W Bayiy
Contre) 0.749 0.2% 0.881 0.26 0.163 0.729 0.172 0.292 0.1 a2z 0.415 0.436
Low 0.49% 0.422 .94 .40 2.50) 2.086 3.864 3,385 2.200 . 1021 2.300
Medimm 0.588 .2 5.9 1.458 s.48t 12.402 16.382 20.2% 15.850 13.06) 16.503 14018
High 0.6808 10.9%6 20.100 24.39 20.50) 39.9%2 .92 .02/ “@.no0 10.020 43.210 12 420
Ligld . wsis ’
Contrel Le 0.388 V.00 0.41) 0.214 1.039 0.63) 0.604 0.255 Q.35 \.as0 oo
Low 0.763 0.5 1.9%5 0.678 2.770 4.200 5.604 6.3%0 3.0 .- 5.065 2.950
L 0.91% .10 1.609 1.058 11.564 17.332 2).568 N 30.%9 24.974 34.589 17.26)
High 0.9%) 14,181 32.0M 35.849 30.030 97.9% 114.285 165.50 He.17s 34.514 97.086 43.612
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TABLE III

Individual Statistical Comparisons

Adult Fat Samples
PCB Found - Wet Weight Basis

1. Pre Orug - No significant differences found.
2. 1 Month - Control significantly lower than pre drug control.
- High level significantly higher than all others.
3. 3 Month - Control significantly higher than 1 month control.
- High level significantly higher than all others.
4. 4 Month - High level significantly higher than all others.
- Medium level significantly higher than Tow and control.
- Medium level significantly higher than | and 3 months
medfum.
5. 7 Months - A1l levels differ significantly from one another.
- Low level significantly higher than 4 months low.
6. 9 Months to - Levels remain significantly different except for
20 Months sharp drop in 16 Month high level data. No further
increase in amount found.
PCB Found - Lipid Wefght Basis
1. Pre Drug - No significant differences found.
2. 1 Month - High level significantly higher than low and control.
3. 3 Month - High, medium and low significantly different from one
another.High and medium significantly higher than control.
4. 4 Month - Same as 3 Month.
S. 7 Months - High and medium significantly higher than low and control.
Low significantly higher than control.
6. 9 Months - A1l levels significantly different from one another.
7. 9 Months to - High and medius differ significantly from low and control.
20 Months - High significantly higher than medium except 18 and 20

months .
- Low significantly higher than control except 20 months.
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Figure 2b
Adult Liver Samples - Lipid Wwt. Fasis
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Sample Taken
5/24-6/9/78
6/19-6/30/78
7/6-7/31/78
8/8-10/10/78
10/27-12/11/78

Sample Taken
6/19-6/30/78
7/6-7/31/78
8/8-10/10/78
10/27-12/11/78
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TABLE IV
Baby Skin - wWet Weight Basis - Averages (PPM)
Level Fed
Control Low Med fum High
.083 175 1.45 1.82
.396 2.26 2.92 13.80
.826 2.42 16.60 .-
.650 6.84 13.84 --
.- 1.93 12.59 --
Beby Fat - Wet Weight Basis - Averages (PPM)
Level Fed
Control Low Med 1um High
1.04 2.03 8.32 .-
0.70 10.69 98.17 108.89
0.61 9.04 -- 38.90
-- 0.76 18.11 .-
MONS

022389
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TARE V
PPM PC8 Found 1n Milk Samples

Level Fed PC B Found
Control .08
(0.00) 0
.03
.20
.02
.03
Low 0.22
(5 ppM) 0.0
0.01
Medium 0.42
(25 pPM) 0.51
0.46
0.45
High 0.95
(100 PPM)
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