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Introdp tion

B1

W. 3. Parageorme

Considerable interest has been continues to be expressed by
many involved in studies of PCBllanid the 4bvlironment concerning
their degradability. Monsanto HaS rec”vrai many inquiries relating
to results of our studies. V& novt have, accumulated seme meaningful
data which we believe would be appropriate to present iIn a status
report to the Interdepartmental PC3 Task Force. We sincerely
appreciate this opportunity to share this information with you

this afternoon.

Slide /1 - We plan to discuss current results of laboratory
biodegration studies of PC3s and the levels of PC3 residues
observed in the tissues of laboratory animals which were used

in our toxicity studies. Ve will review briefly actions Monsanto
has taken to reduce PCS usage and environmental losses. We will
also discuss the application of our laboratory findings to the
development of a modified more readily degradable PCB mixture for
use by the capacitor Industry as a dielectric fluid. As many of
you are aware, we have designated this material as Aroclor 1016.

Slide =2 - Our presentation will begin with Dr. Tucker discussing
primary bacterial degradation and PC3 residues in fish, fowl and
mammal tissues. Dr. Munch will review evidence that demonstrates
disappearance of PC3s from the environment and Dr. Paton will
discuss Monsanto®s PCB sales and use actions and the impact these
actions will have on the environment.

Because of the limited time available, may 1 suggest that questions
be held until all the speakers have completed theilr reports.
Following the presentations there will be opportunity for further

discussion of information which may be of particular interest to
you.

Dr. Tucker, Research Group Leader, will now present a status
report of his laboratory results.
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OBJECTIVES

O PROGRESS REPORT ON LABORATORY BIODEGRADATION

OF PCB'S ‘ e .

O RESIDUE ACCUHULAT[ON STUDIES IN FISIL, BIRDS
AHD MAIIMALS

O T0 SO REDUCTION IN LESS BIODEGRADABLE PCB'S
AS A RESULT OF MONSANTO ACTIONS ON SALES AND
PRODUCTS
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: : By

. Dr. E. S. Tucker

-

Thoe resecarch-I will review today will fogusn vron one
santo's efforts. to undorsiand Lhe envirouooniol
of our polychlorinated biphenyl or vCit produzcs.

‘Ig‘.‘\rL \0: Ilol‘—

imuact nrd behavios

\
This research was initiathd early in 1969 wufter development of the
necessary PC3 analytlcal net1od010gy ar.d subsequent confirpmation of

Dr. Soren Jeasen's identification of PCB residues in fish and bircds
in Sweden. ,

At this poxﬂt in time, PCB reosicdue data from Monsanto and extexnal
environmental nonltorlng procrams indicatecd that at the previous rate
of use and release of these produc 5 that some PCB homnlags were
beginning to reach detectable levels in fish, birds and mammals.
convevsaly,tmﬂse data indicatcd to us that WLth the cxception of
localized, conirollable contamination, PCR Lhomolegs with less than
five chlorine a.oms per molecule had not accumulated to detzctable
levels: even though it was known that significantly greater anount

of the PC3 homologs with less than 5 chlorine atoms per molecule had
been manufactured and used over the years. .
Now, before discussing our biolecgical studies, I would like ¢o
review for you the gross homolog comesiition ef our Aroclor products
and then in a very brief fashicrn, try and illustrate t0 you the
complexity of those materials and hence the complexity of the
proklem.

In the first slide (%#1), is shown the most recent data on the weight

t composition of four of our Aroclor products as a function of each
detactable PC3 homolog. The firct column an the left lists the
homolog in guestion and the subsciyuent columns undexr each product show
the weight ¢ distribution of each I'CE homolog in each prcduct

As most of you pro_nbly know, with the exception of Aroclor 1016, the
last two digits of each pcoduct nunber refar to the degree of chlor-
ination. For example, Aroclor 1221 contains 21% chlorine by weight,
and so on. '

Aroclor 1016 is a special casc in that while it contains about 41%
chlorine by weight, itz penta, hex=2, and hzptachloro biphenyl

content has been cignificantly reducad wiih respect to Aroclor 1242,
a product pro2uced by direct chlorination, containing 427 by :c;gr-
chlorine. P2Please note that the penia, her:, and hep tach;oro biphenyl
homologs in Aroclor 1016 have paen reduced by Tactors of about 8, 16,
and 10, respectively, with refzzonce to Aroclor 1242.

As you can also sece, the chicf constitusnis of Aroclor 1221 arc ths
mono- and dichioro bighenvls, wiile Aroclor 13I6 and foroslen: 1242
contain predominantly di-, tri-, and tetrachiozo Livlhehyls, and
Aroclor 1254, tctra, panta, and hexacilore biphenyls,
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content of these products which cre significantly different. Yhe
analytical mnthadslogy used is eurrently in a very dynonic state
and our undeestanding of the contents of these products incroases as
the, methodology is improvod. it this point in-time, we regard {hase
nunbers as tho most accur?tc oncs currently available.

In the next slide (£2) aré shown examples of low resolution - packed
column electron capturc chromatograms of Aroclor 1221, Aroclor 1242,
Aroclor 1254, and Aroclor 12460. 'nis is what these prodvcts look

like to a residue analyst using the most commonly emsloyed detection
system.

From these chromatograms, it can be readily seen that we are dealing
with multi-component products, which of course, increases the com-
plexity of assessing every aspact of this problem - relative to a
well defined single component system such as CDT.

I should mention at this poiptf that the PCB residues generally
found in wildlife are most similar to Aroclor 1254 and Aroclor 1260
chromatograms.

The next slide (33) demonstrates that in reality, these materials are
even more complex than is generally realized. 'In the upper right-
portion of this slide is again shown a low resolution electron capture
gas chromatogram of Arcclor 1242 under the optimum conditions .
normally employzd by residue analysts. Under these conditions, Arocle:z
1242 would appear to he a 15 comgonent systen.

In the lcwer ctortion of this slide is a flame ionization gas chromato-
gram of the same material using a2 high resolution S$.C.0.T. column.

If one ca-efully inspects this chromatogram, ocur simple 15 componeant
product has now been resolved into 55 different components.

These facts simply indicate that all PCB products cannot be lumped

togethar in terms of either their environmental impact or persist-
ence. :

The type of biological studies which we have carried out to date are
shown in the next slide (£5). For discussion purposes, they can be
conveniently divided into two catagories: "Primary Bacterial
Degradation Studies™, an area in which research on PCBs is just
beginning, and "Residue Accumulation Studies®. Most of our bacterial
degradation work has been centered around the fairly well known semi-
continuous activated sludge degradation test.

Our residue accumulation studies have been fairly extensive and have
involved the exposure of better than 2100 £ish, chickens, rats and
dogs to the various Aroclor products; resulting in the collection of
over 1200 samples of which appreximately 500 pooled samples were
eventually analyzed for PCB residues.

The prime objcctive of thesc studies is given on slide £6.
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szid~ &7. Thao seni-continuous astivated vivdge test orneedure we
ured te cvaluace the primary bacterial deersdarion rates of the
hroclor producis is the test methnd recom=aondsd by Lhe Soen and
Deterqents Assorciation for the cvaluation of the bindcgrsdﬁbility
of lincar allyl honsene sulfonate type surfactants [JASCS 42, 920
(1965) & 46, 432 (1969)]. . -=

Primnry Biodecradation - Minimun alternation of the
hemical structucse ofythe materiul in cucstion to an
extent that characterdstic properties of the original

material are no longern evident.

This procedure emplovs sludge from a sewage treatment plant as the
source of microorganisms to which a specific amount of the marerial
being evaluated and a synthetic scwage mixture are fed on a
pericdic basis in a specially designed aeration chamber. The next
slide (%48) grazhically illustrates what the aeration chambar looks
likxe. It is simply a large glass cylinder with provisions for
aeration, auxiliary stirzring, a sipncn for pericdic removal of the
sugernatant and a septum for intrcduction of the test material.

The mixed licuor (sludge + water) obtained £rom the sewage treatmeat
plant is initially adjusted with tap water to a suspended solids
conzentration ¢f about 2500 mg/l, and 1500 ml of this mixture is
then charged to the aeration chatber.

The mechanical cycle employed is shown in the next slide (39).
Each cvele is initiated by the addition of the synthetic sewage ard
1 mg of the PC3 product being tested. )

Since the PCBs are guite water insoluble, they are fed to the unit
via injection of 200 pls of a concentrated ethanol solution. In
this manrer, homogencus dispersion of the PCBs on the bacterial
sludge is obtainead. : )

After about one hour oi aeration an alicguot of the mixed liguor is
withdrawn f£rom the chamber and analyzed foxr PC3s via UV spectro-
photcmetry anéd/or electron capture gas chromatograzhy. Aeration is
continued for about 48 hours and a second sample is withdrawn for
analysis., At this point, the aeration is stopped and the sludge
allowed to settle, the sludge volume and pH are then checked to
insure that the unit is operating satisfactorily. Two-thirds of the
supernatant is withdrawn and replaced with tap water; aeration is
then resumed. The cycle is re-initiated by the addition of the
synthetic sewage and Aroclor in quastion. This cycle is continuously
repeated until a steady state ard consistent degradation rates are
obtained. )

The per cernt degradation rate is calculated as shown in the equation
on the slide from the amounts found in the samples analyzed during
each cycle.

Degradation teosting of the Aroclor products shown in the next slide
(10} have becen carricd out over an eight month period in our
lakoratories. In this slice, we have 'shown graphically the results
observed to date. Here we have plotied the mean per cent degradation
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containing 364 ki viight chlorvine, Moclor 101¢ (430 chiloviae),
nroclaov 1242, and Avnclor 1254 vorous the veilgnt. por f2:n€ chiorine
present in eaale -¥h actuel mesn pev cont degeadation rates and
g% confidencs: imits for esrch natoerial are showa In the lover Jeft
portion of the %lide. These dala-werce all obiained by UV zpoctro-
photometry which in ezrence’follows the deercase in the aromutic
ring contenl and is ipdicative of bacterial ring cleavage. The
important point to note herd is that as the degree of chlorination
decreases the degradation rage increases.

o g

In order to give you a feeling for the degradation rates observed
with othar materials, Aroclor 1221 degrades at about the same rate
as a non-linear ABRS surfactant.

We have also used this technigue to study p,p'~-DDT and have at this
point in time noted no significant primary degradation,

The next slide (211) shows the changes in homolog distribution
observed for Aroclor 1242 via electron capture gas chromatographic
analyses. The uppcr chromatogram shows the character of the residue
one hour af+er addition. The numbers above each peak indicate the
dominant homolog or homelogs present in each. The lower chromatogram
is of the residue after 72 hours of exposure to the bacterial sludge.
It can be readily scen by comparing the two chromatograms that all
the dichloro biphenyls, most of the trichloro biphenyls, and a
significant portion of the tetrachloro biphenyls are degraded in 48
hours under these test conditions.

The conclusions vhich we draw from this preliminary data are shown in
the next slide (%12). '

Next, I will discuss our "Aroclor Residue Studies" (Slide 213).

Our white leghorn chicken studies (Slide #14) have consisted of a

90 day oral exposure of Aroclor 1242, Arocior 1254, and Aroclor 1260
at 1, 10, and 100 ppm feed levels and a repeat 90 day study of
Aroclor 1242 at the 2, 4, and 8 ppm feed levels. 336 Chickens wvere
employed from wihiich a total of 521 tissve, chick, and egg samples

wvere collected. Of these 112 pooled samples were analyzed ior PCB
residues. .

In the next slide (£15) are shown the resulis of the 90 day oral
exposure of wnite leghorn chickens to Aroclor 1242. ©n the left
side, we have shown the oral exposura levelswhich were 1, 10, and
100 ppn, the theoretical residue in ppm, which would have been
found in the lipid if the chickens had retairned all of the Aroclor
12:2 which they orally injested. As you can see, these lcvels are
7125, 1250, and 12,500 pra. ext is shown the actual average level
in ppn found in the lipid of the ruscle, fat, and liver sanples

and then the lecvels found after 30 days on a ICB free diet. The
imporiant points to note are that A%20% of all the Aroclor 1242
consuned ic directlyv exersted and/or netakolized and that after 30
days on a PCB free diet 357, 44%, and 57% of the PChs retained after-
90 daye of econtinuouse exposure at the 1, 10, and 100 ppm levels was

excreted and/or metalkolized.
’ Fon11'77 ADM €0C2Z
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x - pa Qi t1is slide is shown tha homclneg g5k i
V' Lution of the profuce. fed-and that of the residuns isolabed Crom
 the tissves afler-90 days ol ciupusure and 30 duysz on a PCL [ree

diet. The numbers across the ton sinply refer to the numlier of

ci:lorine atoms pex bipheayl wolecule. As you can sce, Arozlor

1242 containsa dorinant amounts of the di- through pentachloro-

biphenyls and @ minor amount of hexachlorzobiphenyl. Afier 90

days of exposure the dicHlorobiphanyl was no longer obhservable ard

the dominant ccmponents were the tri- through pentachlozo bipiienyl

homologs. After 30 days Qn a PC3 free recovary diet, the hexa-
chloro biphenyl is now a:dominant componsnt because of continued
excretion and/or metabolish of ‘the lower chlorinatzd homologs.

In the next slide (§16) are shown the results for the 90 day oral
: exposure of Aroclor 1254 in white leghorn chickens at the 1, 10,
‘ and 100 ppm exposure levels. The theoretical residues are the
same as before and we have againghown the ac+tual levels found in
the tissues after 90 days of continucus exposure and 30 days on a
I PCB free diet. In this instance, ~70-72% of the Arocclor 1254

ingested was directly excreted and/or metabolized and after 30

days on a PCB free diet, v45% of the residues retained were
] excreted and/or metabolized.

The homoleg distribution of the product and residues is shown on

the right of the slide, t:e product Aroclor 1254 contains minor
] arounts of the tri- and heptachloro homologs and dominant amwounts
of the tetra-, penta-, and hexachioro biphenyls. The residue after
90 days of exposure did not contain detectarle amounts of the tri-’
chloro biphenyls and the tetrachloro biphenyls were no longar a
dominant component. The dominant homologs were penta- and hexa-
chloro biphenyls. After 30 days on a PCB fres diet, the tetra-
chloro biphenyls were now. not detectable, the pentachloro bighenyls
were a minor component, and the hexachloro biphenyls the dominant
component.

In the next slide (#17) are the results for Aroclor 1260. Again,
the oral exposure level and theoretical residue levels are the
same and the PCB residues found in the tissues after 90 days of
continuous expcsure and 30 days on a PCB free recovery diet are

" shown. After 90 days of exposure, 57-52% of all Aroclor 1260
consumed was directly excreted and/or metabolized and after 30
days on a PCB free diet N40% of the residues retained were excreted
and/or metabolized.

L3 dnd w3 o

« As showun on the right, Aroclor 1260 coniains dominant amounts of
.] penta-, hexa-, and heptachloro biphenyls and a minor amount of
octachloro biphenyl. The residuas after 90 days of exposure and 30
days on a PCB free recovery diet contain minor amounts of the penta-
and octachloro homolegs. In both cases, the dominant homologs were
the hexa- and heptachloro biphenyls. :

Our albino rat work (Slide #18) has consisted of 30 day oral, 2 vear
chronic oral and a 3 genoration rat reproduction cxmosure study it
Aroclor 12342, Aroclor 1254, and Areclor 1260 and a 90 day subacute

L Li L
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In the next slide (§19) are shown the rezults of our two yeoar chrenic
oral cxposurc study of Aroclor 1242 in albine rats. The oral expozurce
levels were 1, 10, and 100 ppm and the thecoretical rcsidues were

890, 8000, 80,000 ppa, respcctively. The actual residues fourd in
the tissue lipid are shown after 3, 12, and 24 months of exposure.
Comparison of the residues found after 24 months to the theoretical
residue levels indicates that 99% of the Arocclor 1242 fed was

directly excreted and/or metzbolized at all exposure levels,

As is shown on the right, Aroclor 1242 contains deminant amouns of
the di- through pentachloro biphenyl homologs and a minor amount of
the hexa-. The residues after two years did not contain a signifi-
cant amount of the dichloro biphenyls and the dominant components
were the tri-, tetra-, and pentachloro biphenyl homologs.,

In the next slide (£20) are shown the results of the two year chronic
oral exposure of albino rats to Aroclor 1254. The exposure and
theoretical residue levels are the same as with Aroclor 1242. The
residues found after 3, 12, and 24 months of exposure are also shown.
Comparison of the residues after two years to the amount ingested
dermonstrates that 95-983% of the Aroclcr 1254 consuzmed is directily
excreted and/or metabolizad. :

The hemoles d@istribution of Aroclor 1254 and the residues are shown
on the rigat. Aroclor 1254 contains minor amcunts of the tri- and
heptachlors biphenyl homologs and dominant awounts of the tetra-,
penta-, and hexachloro biphenyl homologs. The residues did not
contain detectable levels of the trichloro homologs and the tetra-
chloro bishenyls were rio longer a dominant component. The dominant
horologs wzre the penta- and hexachloro biphenyls. '

The next siide (£21) shows the the results for the two year exposure
cf Aroclor 1260 in albino rats. Again, the exposure and theorastical
residug levels are the same and the residues found in the tissues
after 3, 12, and 24 months of exposure are shown. In this case
93-95% of all Aroclor 1260 ingested was directly excreted and/er
metabolized.

The dominant homologs in Aroclor 1260 and the residues isolated |
from the tissues were similar in all cases.

In order to demonstrate the relationship between residue storage
levels and the degree of chlorination of the product fed (slide #22).
I have plotted the average ppm PCB found in the lipid vs the weight
per cent chlorine in the product fed. These data were taken from
our 90 day subacute albino rat studies with Aroclor 1221, Aroclor
1242, Aroclor 1254, and Aroclor 1260 at an exposure level o 100 ppa.
As you can sce, the residue storage levels decrease exponcntially as
the weight per cent chleorine decreases, simply demonstrating the
rclationship between the higher homolog content of an Aroclor

product and the tissue storage level.

F.‘m1179 ACM 0G0231
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our bé:gic dog studizs. (Slide £23) hovo consisted of a two yoar

chronic cupasure of Lroeclor 1242, hrcclor 12354, and Aroclor 1260
ind & °0 day subzcute study of Aroclor 122%. In these studies, 103
beagle dogs werctused, rasulting in the collection of 263 sanples,

and the analyses of 1346 for rC3 residucc, )

The ncxt slide (224) shows the results of oune twe yecar study of

Aroclor 1242 at exposure levels of 1, 10, and 100 PPR. In this

study, the theoretical residut levels arc 500, S000, and 50,000 jof=rn!
respectively. Ve have also shown on this slide the residue levels :
found after two years of exposure and after 30 and 60 dzy periods on

PC3 free reccvery diets. The beagle dogs directly excreted and/or
netabolized 99.6% of the Aroclor 1242 consumed and after GO days on

PCB free diets, 50-60% o PC3 residuec retained after tvo years of

exposure was excrated and/or metabolized, :

Aroclor 1242 contains dominant amounts of the di~, tri-, tetra-, and
pentachloro homclogs and .2 minor amount of the hexa- homolog. The
residue found afie- two years of exposure contained no detectable
levels of the dichlecro honmelcgs and deminant levels of the tri-,
tetra-, hepta-, and octachlecro biphenyls. The pentachloro hecmolog,
although deminant in the product fed, waes not a dominant component of
the residue. After 30 dzyz on a PC3 frec recovery diet, the di-,
tzi-, and tetrachlero bizhonyls were not detoctable components of the:
residue. At this point, the dcmzinant components were the hexa-, i
hepta-, end octachloro biphenyls. The trend toward excretion end/

9r metabolism of the lovwer chlorinated he=olegs continued to the
extent that afier €0 days on the recovery diet the hexachloro biphenyl
was no lonzer a decminzant cczponent, and the hepta- and octachloro oi-
phenyls became the dex=inant constituents in the residue.

In the next slice (£25) are the results for the two yesar exposure of
beagle degs to Aroclcer 1254. The oral exposure and ‘theoratical
residue levels are the same and the PC3 resicdue levels found in the
tissues aZtar two years of exposure and after 30 and 60 deoy periods
on PC3 frce recovery diets are again shown. )

In this instance, the dogs excreted and/or metaholized 98-59% of a2ll
hrocler 1254 consured over a two y=zar period. After 60 days on a |
PCB free recovery diet, 30-40% of the residues retained were

excreted and/or metabolized. The proiuct fed, Aroclor 1254, centains
minor amounts of the tri- and heptachloro biphenyls and deminant
amounts of the tetra-, penta=-, and hexachloro homologs. After tue
years of exposure, the residus retained Irom the product did not.
contain cetectable levels of the tri- or tetrachlero biphenyls, the
penta-, and hexachloro biohenyls remainzd dominant cemzonents, and
the heptachloro bipheryls became dominant constituents.

After 30 days on the PCE free recovery diet, the pentachlore homolags
bacame a minor cecmponent of the residuc, the hexa- and heptachloro
bizhenyls remained dominant components and the octachiozo homologs
yscame A minor comocnent. After 60 cays on the PC3 free racovery
diet, the pontaciiloro biphanyls wearae cxcercted and/or metabolizad to
tha extent chat the ocvachloro homologs bhecame a dominant constituont
of the residue. L
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che next slide (326) shows the roesulis for the two year oral &
expasure residue study of Aroclor 1260 in heagle dogs. The expoasure’
and theoratical} zezidue levels are the same as those for the Aroclor
1242 -and Aroacloz 1254 studiecs. Next is shown the residuces.whieh -
acoumulated after two yeurs af continuous exposusre and the residucs
rretained after 30 and G0 day recovery periods on PCB free diets.

With this Aroclor 98-99% of the amount consumed over two years was
directly excreted and/or mectadolized. After 60 days on the recovary
Giet ~13% of the retained residues were excreted and/or metakolized.

The homolog distribution of Aroclor 1260 is as shown, dominant

amounts of the penta-, hexa-, and heptachloro biphenyls with a minor
arount of the octachloro homologs. After two years, the PCB residue
contains no detectable level of the pentachloro hemologs, a.minor
amount of the heptachloro biphenyls, and dominant amounts of the -
hexachlozo and octachloro homologs. After 30 days on the recovery
diet, the dominant homologs are ncw the hexa-, hepta-, and octa-
chloro biphenyls becoming a dominant component of the residue via loss
of some of the hexachloro biphenyls. After 60 days on the reccvery
diet, the hexachloro biphenyls are no longer dominant cocmponents of
the residue and it is now mainly the hepta- and octachloro biphenyls. ,

The next slide (£27) illustrates the residue fall off as a function.
of Aroclor and recovery period. These data are frcm the two year
beagle dog studies and the exposure level is 1 ppm. In this gragh,
= have plottad the average pgm PCB fouxd in the lipid for Arccloz
fZGO, Aroclexr 1254, and Aroclor 1242 after two years of continuous
oral exposur2 and then after 1l month and 2 month recovery pericds on
PCH frea die=s, This plot simply cdemonsitrates that the PCB residues
retained frem Aroclor 1242 fall off more quickly than those retained
from Aroclor 1254 and Aroclor 1260. : -

Jhe table in the next slide (£28) shows the relative ability of fowl,
;zall mammals, and large mammals to retain orally ingested PC3s.
‘hese data are for Aroclor 1242 at the exposure levels and periods
showa., The concentration factor is calculated by dividing the ‘
axinun PCB level found in the lipid by the exposure level. As you

‘an see from the factors, chickens retain PC3s to a greater extent
-han do rats or dogs.

mx fish residue work is not very extcnsive at this point -

rimarily because we have had problems in finding consulting
aboratories capable of carrying out dvnamic low level f£ish exposure
tudies, and seecondly, because governmant laboratories such as those
n Duluzh, Minnesota, Columbia, Missouri, and Gulf Breeze, Florida

2re, and are, still in better positions to carry out and evaluate
1ese types of studies.

2 have done some very preliminary 21 day dynamic exposurcs of cat-
-sh and bluecgill fingerlings to some of ourx Aroclor products and

"generally supnorts the conclusions which can be drawn from
-terature data.

1¢ geraral conclusions which we draw £rea these residue studies are -
1ovwn in the next three slides. an11ﬁl.
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Slide #2320 = Fall-0if - Conclusions

Slide 231 - Alteration of lomolog Distribuiion - Conclunions
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In summary, wé& fecl that thae results of our preliminary research
support, what has and is being observed via residue analysis of
environmental samples; that €s to say, frcm a residue viewpoint,
that thz bulk of the PC3 homQlogs released to the environmeat (PCRs
with less than 5 chlorines) are subject to envirommental degradation
of one sort or another at measurable rates and as such have not

accumulated.

E. 5. Tucker
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