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PREFATE

fecognizing the hazards poaed to human health and the
anvirorsent by polychlorinated biphenyls (PCBs), the
Office of Research and Development of .he U,.S.
Environmental Protection Agency (EPA; requested that an
assasamgnt of the problea be conductei by the kational
Research Council. Tha Environmentsg]l Studies Board,
given responsibility for the study, appointed the
Committee on the Assessment of Polychlorinated Biskea-~'<
10 the ravironment esrly in 1978, The chargs to the
Committee was to provide EPA with a detsiled assessrent
of the nature of the problea and of alternatives for
feducing the Current substantial leve! of environmental
contamination from PCOs.

Instsad of contributlng yet another extensive seview
of the fate of PCBs and the risks to health associated
with them, the Committes set itself three oObject ives:
(1) to develop a model of PCB distribution throughout
the environment with estimates of current reservoir
burdens, (2) to enalyze the economic impact of various
~ontrol options, and (1) using PCB data as the test
“iTr. to assess the effectiveness of the proposed EPA
Tt Tiry guidelines for svaluating toxic substances.
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Alfred ®. Beaton

Chairman, Comsittas on

the Asssasment of Polychlorinated
Biphenyle in the Environssat

INTRODUCT ION

Thicty-six years aftar the intcoduction of
polychlorinatad biphenyls (PCDs) i1nto the world marker,
ecientiats discovared that the conpound was accumulating
in tissuas of fish taken from tha Baltic S=a.
Monitoring afforts within several countrias subsequently
disclosed extensive global sanviconmental contaminatice
from thia group of organics, which comprices
theoreticaliy zoce than 260 irmiiviuual iscmers of
chlorinated biphenyle. The problam of environmental
conteminetion by PChe hee now been well documented.
Comprahensiva raviaws heve reported the existence of
significant quantitias of PCBe in stmosphere, 3011,
watar, sediment, fish, wlldlifa, and aven in sarplos of
human blood and tissue (NIENS 1972, Mutzinger et al.
1974, Kimbrough 1974, Durfsa at al. 1976, Kornreirn et
al. 1976, Nisbet 1976, U.5. EPA 1976, WilD 1976, Roberrs
at al. J9781L.

Tha term polychlorinat=d biphenyis refers tc a ciass
of organics produced by chlorination of a bighean, ) and
cc-pcind of 10 possible forms. These forms arise €-on 4

“17104 number of chiorine substaitutiors on the

“te2y) malecule, andt correspond to the chewieal
CTotart v ronochiurobay hengi, da hitoc- g bon, .,




11t ocobiphenyl, etc. Several isomers for each PCh
abey il are possible, tha number depending on available
cubsiatution sites on each biphenyl portion (2-6, 2'-
no-o\_vo:. not all possibla isomers ars likaly to be
i during the manufacturing processas. In generai,
14t COmweOn ones ara those that hava aither an aqual
ssa e of chlorina atoms on both rings or a difference
#f uy one chlorina atos batwasn rings. More compiaste
-afu +aclon on chamical identity and the manufacturing
lt¢ res IS presanted Iln Appendix D.

| ST
e

y 7 6 3

.I’:mmetc ial PCB mixtures are manufacturad under a
istiely of trada names (Appendix D). The chlorine
cuatenl of any product may vary fcom 18 to 79 percent
1vd bepends on the extent of chlorination durlng thas
W oy luCfing process or on the amount of fsomeric
ooy engaged in by individual producers. Each company
lva . specific system for identlfying the chlorine ;
snteot of its product. For exampla, Arocloc®i24s,

I %4 sl 1260 indicata 40 percant, 54 pacrcant and &0
serent chlocine, respectively; Clophan A60, Phenochlor
e b and Kapeclor 600 designate that thase producta
coanta.n miNtures of hexachlorobiphenyls.

The only important U.5. producer of PCBs was
" aato Vlndultl'ial Chemicals Co., which had plants at
faaesston, Alabama, where production of PCBs esndad In
1it, and Sauget, Illinois, where production ceased in
R Sold under Monsanto's registered trademark of
ftwfoss, elxtures of PC8s had been used originally sa a
coalent /dialectric tor transformers and capacitors, as
tvat transfer fluids, and as protective coatings for
ooty when low {lammability was essential or desicrable.
fr:t. wts and users alike, epparently unaware of any
irtvuttal hazards from exposure to PCBs, initially
©1 1st-d in accordance with earlier resuits of toxicity
fv-ts that indicated no effects (Penming 1930). Tha
» svansion of open-ended appllc;tiona between 1930 and
tied, 1ncorfporating PCBs into such comsoditias as

vooe -, inks, dedusting agents, and pesticides, led to
criespread dissemination of which we are now aware.
vy bev], toxic effects were noted in occupactionally

i

¢ ;-2 workers and threshold limit values wocre airposed
»+ ~anufacturing sites.

The gen=ral pattern of release of PCOs to thre
environment changed significantly during the early
;970s. Until then, essentially no restrictions «ere
1mposad either on the use or on the disgosal of PCBs.
After avidence became available in 1969 and 1970Q that
chronic axposura could result in hazards to human health
and the environment, Monsanto voluntarily banned sales
of PCBs for “"open-anded” and “nominally closed”
applications (sea Chapter 1, Tables 1.1 and 1.2), and
the loas rate from industrial use was reduced through
stringent control msasuras. However, slgnificant
resarvoirs of mobila PCDs {(those availabla for transport
among environmental media and biota] still axist along
with even ietywr, tuirently immobiie raservoirs. Tne
lattar includs thoss materials containing PTDs that are
still Iln servica and thosa ceposited in landfilis ard
dusps. The major factor affecting futurs release of
pCBs from these sources will be regulatory action
govarning storage and dlsposai of the chemical.

Tha new Toxic Substances Control Act {TSCA), Public
Law 94-469, spocifically prokhibits production of PCos
within the United States, regulates disposal of
matarials contaminated by PCBs, and restricts the usa of
any such matarials slcasdy in sacrvice. The effect of
these msasures should be to sliminate further releases
into the environment and, sventuvally, to reduce
quantities existing in the environment. However,
because of the extrema stability of PCBs, environtental
levela will not be reduced aubstantially for many years,
and the proplem of Aealing with oxieting rocorioioz Tl
moblle PCBs will remain.

Cleanup «fforte have been injtisted in those
environments that are heevily contaminated, but coplete
removal may not be sfither technicaliy or econorically
feasible. For this reason, the U.S. Environmental
Protection Agency (EPA) cosmissioned the Nationa)
Rezearch Council to review the current dimensions of the
PCB problem and to recommend future acticn.

The intent of this report Ja to provide EPA . ith an
wssesament of (1) the current state of tre PCB problem,
Ji the cost-effectivencss of selected opiians for
c**r2lling continued envsironrzatal pollut wn, ard '}

iTTorcyerrac.s of proposte) guaitelires lor
. T mre et Nroasdoan! pers

.. 1o [ T | F ) Pore”
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{1l s. To accomplish 1ts purpose this study has
[ jtimary component s.

- .cttinent information on environmental aspects of
I s v .4 reviewed and sumkarized with emphasis on
i1 g1l processes and distribution among environmental
cp 0 -ents, A model of tha distribution of PCBs in
1 mnvironment wag constructad.
- A economic analysis was pecformed to deteramine,
i the extent possible, the economic costs and
« .t teemental and health benetits that might be derived
i amplementing various options for controlling
111001 PCO release and for reducing the prasent lavel
t conlamination, It should be notad that this analysis
3 tne 1978 EPA published requlations for uss and
i rgnswal of PCBs (U.S. TPA 1978a,b). Mew ragulaticas
4ree g he published in 1979 that may reflect different
i ial requirements,

» 1ving EPA draft guidalinas for testing potantial
t.aio iy of mew chemicals, an assessment of PCB toxicilty
e wnsle. An approach that might be used for
el {yang potentlal hazards prior to extensive

-

~anniscture and use of new chemicals was daveldped.

v

The study has a generic aspact in that the model of
« i distribution, the approach to quantitying
i . +ualence and toxicity, and the analysie of control
Lt huns are applicable to studias of other pecsistant
i rrunmental pollutants.
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FINOINGS AND
RECOMMENDATIONS

.,

ioaptes L, PCR Transport Throughout the Environmant

t. A model of tha distribution of PCBs throughout
e . environment est imates the total cumulative PCB
.« liim domestic sources through 1975 as 6.1 x 10* kg,
..th 34 percent representing mono-, di-, and
‘1. hlorubiphanyl; 2) percent, tetrschlorobiphenyl; and
.4 pouvent, penta- through decachlorobiphenyl.

i/ from production and use data, losaas of PCBs from
1o tion-ysa functions and the smounts entering the
clude environmental reservoir total 8.2 x 10° kg,
t,acysoutad as follows:

Amounts

{x_10' kg)

x».no , di-, trichlorobiphenyl: 3.1
tetrachlorobiphenyl: 1.®
ju-ota- theough decachlorobiphenyl: 3.}

1 The Morth Atlantic Ocean appears to be the
' .~ut sink tor PCBs, accounting for 50 to 80 percent
t v.ue in the environment, and freshwater sediment is a
vy runtinental reservolr.

4. Environmental 1ocad estinates for the Unit-14
States and the Atlantic Ocean are presented for the
following compartments:

Amount s
[x_10* kg)
Atmcaphere 8.0l0
Kydrosphara
Fresh water 0,012 - 0,035
Freshwatar sadiment 1.400 - 7,102
Freahwatar blots 8.030
Marlne ssediment 0.660 - 2.700
Hacine water §.000 - §6.00
Marine biota 0.030
Lithosphere 0.140 - 2,000

5. Biodegradatlon has been a minor tactor in PCB
destruction ftor those isomers of tetra- through
de¢cachlorobiphenyls.

Recommendat ions

1. Becausc the Korth Atlantic Ocean appears to be
the uvitimate sink, further studies are needed to firmly
establish PCB concantrations and distribution in the
®marine eanvironment,

2. Although modeling was useful in assessing large-
eacale dlstribution and fate of towic substances, more
adequate data bases are needed to develop transport
wmodels of environmental pollutants. For exanmple,

frrthar rosnacoh ir nosded 4o Acturming 4%y rrricizoc of
transfer between the anvirommental compacrtnents.

3. EPA should continue to develop better analytical
techniques, particularly those anabling assessment of
the axtaat of PCB fractionation. Becausa of contiruing
analytical problams it is dl1fflcult to determine tre
extent of ecosystem contamination. For aquatic Systems,
the most effactive indicator ©f both ths degree of pPCB
Follution and the potential hazerds to humsns and
«:l4%i1fe is tha PC3 content of lish, To use this
-" itcator eflactivaly, factors such as age, species, and
"ritional habits of the fish must be taken into
oo Detajilad informition on individual tsame s

1:70 be reported together with the spectfac
YL 1anation.




4 freshwater sediment 15 an amportant continental
suk for PCBs, and special attention should be given to
v . arang programs and to studies of PCB cycling fron
o 3ceant through human food chains.

sy, tee 2. Policy Assessmant

| Substantial differences exist in the coets of
csiines options for tha control of PCBs. Among the
niternatives anslyzed--which includad EPA proposed
tryalations on dispossl and use, optione for dredging
i b otitposal of contaminated river sediment, and U.S.
1t acd Drug Administration (FOA) regulatioms limiting

imisuible rasidues la fish destined for human
coraorpl Lon- ~average costs veried by as much as five
ters uf magnitude .,

1. txisting EPA requlations on dispoasl and vae are
orueited to result in the controi of 260 x 10* kg of
i~y with average costs of up to $))/kg of PCBe

uticlled. Proposed EPA requlationa would increaas the
¢ val uantity of PCBs controlled by about 0.1 percent
ity ) those controlled by existing regulations) with
vt eae cOsts becoming as high as $1)33,000/kg.

J A csse atudy of the Hudson Rlver indicated that
i« astives for dredging sediment could remove & total *

1 asvul 118 x 10° kg of PCBs from potentially mobile
1.oer sediment at costs cranging from $110/kg to
B R TN

§. it ls estimated that up to 0.25 percent of the
i tal 1r{8s ralesased to the environment anter the human
tet, ot jesst 400 kg of PCBs would hasve to be removed
t:um tue wobile environmentsl resarvoir in order to

tirve & veduction of 1 kg of PCBs in food. This
. gn.e (400 kg) is derived using dsta from the Great
t tes, a closed system, and may be too low for more open
,3tens. FDA limitations on PCB concentrstions in
+ mmere lally distributed fish could reduce PCB input to
i amciacan diet by sbout &4 kg at a cost of lass than
ci,und/kg. (A reduction of an additional )4 kg would
U lese than $293,000/kg.)

. Based on the figures used in the snalysie in this
yott, FDA regqulation of PCB limits in fish destined
Rl A CORSUWMPLiOn Sppesrs a aore cost-effective
‘i1 of controliing diatary intake snd human heslth

-+fe 13 than some Of the most costiy EPA proposed

H

to preferable to eather ZPA ar FLA regalrtions.

&. 1t is difficuit to assess the Len=lits of
cntrolling erxposura to PCRs with currently a-ailabdble
nformation. The analysis in thi1s report conservatively
ectimates the benefits as 3)0/kg to $300/kqg of vChs
removed from the environment or withheld from discharga,
but notes that even these figures could be high or low
by a factor of 100 or more.

<

Recommendat ions

1. Policymakers should use avsilable data to
caiculate the incremental or average costs of PCB
control optiona in conducting aconomic analyses of
proposed requlations.

2. A® greater control of PCBs 1s sought, reguiatory
afforts should be concentroted on those options which
ars most cost effeactive, that is those with the lowest
average or incrsmental costs per compirable effect or
benafit.

). Economic snalyses should include cost data on all
options--not just those undzr a cingla agancy's
regulatory suthority. These analyces could then show--
aa dosa the anslysis presentad in this report--that some
optiona beyond a particular agency’s authority are
aubgtantially wmore cost sffective than some tha:t lie
within the agency's jurisdictioa. A comprehensive,
coordinated government policy toward control of
pollutsnts should reflect such findings.

Lnesprer J. Guideiines for Evelvating the Potential
Toxicity of Chewmicslas

1. Based on the origimel uses of PCBs, this chemical
might have passed toxic swbstance evelustion as propased
under the Feders) Insecticide, Fungicide, asnd
Rodenticide Act (FIFRA), thus eilowing its use on a
iarge scale. Acute toxiclity is winimal for all species
axcapt some squstic invertebrates, and intended use
Pattarns may not have warranted additional chronmic
testy.

2. Results from the praposed TSCA Referencs Set
'~3ts wouid require continued testing with the Hazard




v

|

10

“wvaliation Studies leading to detection of some PCB
Leonae clfects.

' #most health hazards resulting from PCB exposure
ather tham in occupationsl settings are subtle (e.9.,
1e v+ reproductive capabilities, changes in behavioral
i+ «. .} snd wouid not be detected with either the
11tuk ut TSCA scheme.

4. Common lsboratory snimals do not slweys respond
tu FUB exposure in » manner similar to humans. Mo one
te. ' species exhibits “typical® husan sywptoms of PCB
jote rang.  Thus, cholce of tast specles becomes en
irtratent factor in evaluating the potential toxicity of
» sublatance.

o sebendationa

i\ whenever chemical, physicai, end environmsentsl
ithemiatcy deta indicate that a substance is both
bevsfstent and {ipophillc, its development for large-
cral  wse should be resssessed and alternstives
Counsidlered.

? Testing schemes should inciude models of
s.t1c1gated ralease and movemsnt through the edvironment
1lentitying potential reaservoirs, and teats shoulid be ¢
11l wed within thase apecified snvironsentel
eoaoiyatems,

3. Test guidelines should atrsss assessment of
s .« tle health hszsrds, such as reproductive eslteretions
a1 tuhavioral-laerning ispairment.

PCB TRANSPORT
TIROUGHOUT THE
ENVIRONMENT

In considering FCB sources, m=-hanisms Of transport
through the snvironment, and mobile or 1mmobile
reservoirs, it is often uscful to consider glabal cycles
(Nisbet and Serofim 1972}. MNodeis of these cycles can
provide imsights isto the gemeral behsvior of compcunds
and cea gstablish e framework for subsequen: reseacch,
This chapter presents & review of PCB distribution 1in
the major environmental compartwents for the United
Stetes (i.e., etmosphere, hydrosphera, lithosphere) and
the weans of transport among snd within tham.

In eny ettempt to design e distribution mode] basei
on results from & number of different studies, severat
possible sources of error must be recognized. Lack of
uniformity in sampling snd enalyticsl techniques s the
sajor problem encountered. Sampling difficuities occur
for measuraments in eir, water, and sadiment. In air,
the amgunt of FCBs in the vapor phase relative to that
attached to particles still is uncertain, mainiy be-ause
©of probless in sampling techniques. Simalar
d:fficulties sre encountered in efforts to dist inguish
* tien dissolved vs. particle-bound PCBs in waler.

" ynarement of PCBa i1n sediment aiso presents probiens.
1t gatudice have not used existing, praven techniques



P roblecting sediment cores, but instead hava analyzad
g1 st samples. Grab sample analyses can rasult in
e - imates or underestimates of PCB levslas depending
in. tie Jdepth of sample taken, and may not reflect
4: ..+tely tha concentration of the sediment column.

ihe Compafisons of measuraments of PCBa in
s tunmental samples have alac been compiicated by e
ba . .t uniformity in aneiyticel techniquea. Bacavse
~3.0 (uemmerclal mixture contains a number of PCB isomeras
suid Lhis exhibits & wide range of vepor pressurss and
volut1laty charscteciatica, the most common approach to
qeariifying PCB concentrations is to compare gas
strenatugrephic records of the asample with records of
it . Clophen, Phencclor or Renechlor atendarda. But
rias a,p¢roach is not entirely appropriste, uanless both
vin .wnber of peaka recorded snd the interpesk helght
i 1lirs are identical for tha sample and atandard being
oy cre:d {Webb amd WcCall 1973, Murphy and Rzeszutko

A ENE] Analytical fractionation techniquea make it
vatslcalt to ildentify adequataly all peaka on ths ges
ni-ou.tographic record, and it is quite poesible that

calerestimates Of the quantitias of mono- end
Soortocnbiphenyls have reaulted. 8eCavas of titess
(tubtfoais in ldentifying the chemical componenta of a e
;3 el minture, PCB concentrations are often reported aas
“nost viosely resembling™ or calculated aa “similar to®
Cottain known Aroclor etsndsrd. Thus, it becomses
tIfitult to discern whethar or to what extent
¢ miy-tdual component fractionationa actually occur
.ilhn the environment.
Tie ability to understand and asseas PCA movament
Cjhuut the environment can only resaln speculative
e . i1he sampling snd analytical problama are rasacived;
Lte [ 1lowing interpretations of deta ware sade with
theLe limitations in mind.

Uit £ES OF CONTAMINATION

L-lirates of General PCB Qisgribution Within
iig th,ited _States

Lo:vwj the period from 1930 to 1975, U.S. commecclal
soley uf PCBs totalled pearly 570 x 10* kg from domestic
Wiy .o ond about 1.4 x 10* kg from imports (Durfee et
! i+ Ye). A8 ot 1915, more than hailf of this amount,

Ltk w 10* Mg, waa estimated to be in service.

[ ]

.otribution of the remyinder was estimated using 195)
-+ 1714 production and sales Eigsures supplied by
¥znzaneo, information supplied by other industriat
concerns, and analysis of PCA use patterns with respect
to losses, waste disposal, and other aspects of
environmentsl entry. The emount and location of PCBs
are prasented in Table 1.1.

ou n ipty t Envjironment

Thars 1s nc subatantial evidence suqggesting that pCBs
ars produced in the environment, either from natural
acurces or from chemical transformation of other
compounds. Thersfore, all environmental contamination
hy Br@- 4o iaferrid L2 Uil wlswiset w8 Che proauction
snd use of materials and equiprent containing PCas. 1t
430 can be inferred, with scne certainty, that PCBs
centeringy the United Statecs throujh cosrercist impcrts of
via traninitionsl atrosplcric transport have bean
inconscguential when corpared ta the a~sunts entering
the V.S, envitanveat viy darritic routes,

Major doxastic uses of PC3s are indicated i1n Table
1.2. The voluntary limitation of Pca praduction imposed
by Monasnto in 1971 rearicted sales to applicatiaons in
cloeed slactrical systems. The 137) estirated inports
of PCBa to the United States totalled only 1.0 percent
of Monasnto’s productioa for that year, suggesting
further voluntary elimlnation of usas other than for
closed systema. The major applicetions of imported PCBS
at that tlme were for pattern waxeas (decachlorobiphenyl}
and replacemznt ~oolant fluida fuc mineng machines.
Further evidence of the decreses in PCEB uss lies in the

TABLE 1.1 Environmental Distribution of PCBs
Not in Service as of 1975

ARg unt

2 108 nq)
nobile PCBs 1N the
Environmsent 8.2
bograded or Incinerated 2%
In Landfills ar Equipmcnt
LT ITTY ite

T = dstted froam Dacl~r ot o, (§19'6g.
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{air 1.2 Domestic Uses of PCBs

Percent of Wew

Cetep ity Type of Product Totat Use
. i1 197
iow- Tssnsformes, capacitors, 41 unt
o :::-“e““cu other {sinor} electrical 108 after i971
insul ating/cooliny
spplicatlions
1) unti} 1971
a4 aaily Closaed Hydrsulic [luids, heat
n T transfec Clurds, ® after 1971
- iubricante
ace 26 wnedl 1971,
e Lad Plasticizars, surl 2 T 171

costings, ink and dys
carviars, sdhasives,
pesticide entanders,
carbonless cOPY paper,
dyes

2y yitcatrons

sact Lnat although Monsanto cessed all PCB production in
§31/ lacge-scale inCreases in imports of these
Ly - unds did aot occur. ) .
Twy imporftant foutes of entry into tha enylronsen
tav: been losses during the process of sanulacture and
isovacp: from electrical equipment and other products
(inLasning PCBS. Losses from open-end and nominally
L liaed systems in service undoubtedly have l_non large
1:ed have contributed to contamination of soil, water,
1t atmosphere.
! u:bil.lzuuon of PCBs located in undﬁll! and
treshwater sediment offers significant addinonll_
{otential for contamination, but few data a(. available
ta: estimating current or future rates of dfl_p.ll?oﬂ-
In studies of New York landfilis some volatilization ot
vC@s is moted, but movement of PCBs h_'on thcs? sources
int. yroundwater reservoirs is n.qli?lbll {Leis and .
tetry 1978, Hetling et al. 19%78). Disposal ql'utor als
Lottsining PCBx--as for exasple, through municipal .
«1. ineration--appears to be one of many -inof routes o
w1y, and application of I'Cl—conl-:'ninatld oils as
dedust 1ng sgeats way mobilize relatively large
mantitiws of PCBs formerly in service.

A summery estimate of the quantity of PCBe in
lsnif11)m as of 1975 is shown in Table 1.3. The )
¢.- lmated rate of PC entry into on-land disposal sites
t..x all sources in 1975 was 5.% x 10* kg/yr {Durlee et
s: 1376). Assuming that this estimate is valid for the

15
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.1n2fills by 1978 can be estimatad as 140 x [0 ky.

“wever, this total may be an ocverestimate as disposal
cn lard may have declined with the passage of T3CA and
the attention given this aspect of the PCB problem.
Some obsolete equipment has been stored instead of
dumped in landfills, but the major reduction of PCBs
deposited in land sites has resuited through & decreass
in production wastes due to diminished domestic
manufacture and vuse of PCBs.

In the future, the primary source of PCB entry to
on-lesnd diapossl sites is likely to be the obsolescenca
of elactrical aquipment, becsuse no regulations sre
antlcipated that could change this situstion. Thus, it
t» not unressonsble to suggest » maximum entry rate of
sbout 3.5 x 10* kg/yr to landfills for at least L0 years
and perkaps as manv as 20, althouoh by the “aar 2090 the
rate should have d:creased som=.hat,

PCBs nnwly deposited in lacdfills should be much
less wibile than those in old landfilIl sites, becguse of
th? Posource Conzervition and Pecovary Act (RCRAI
rejuiccrents for better dosigrod leadfills anc tighter
controls on conitoring sic detsrioration an? chemical
leakage., %Much of the new deposits will be contsined
sufficiently to prevent leakage or volatilization and
new sites must be designed to reduce mobilizat ion of
toxic materials by leaching.

Sources of PCEs

Industrisl end Mupicive] Efflyenty Recant estimates of
industriel and municlpsl PCB discharqes into aguatic
syetems have been determined through monitoring programs

TABLE 1.1 Reservoir of PCBE in Landfills as

of 1975

source :nu::trz‘l;-:;m:
Production Nastes E1 )

Gbsolate Lquipment i1

Other %

Tatal T¥Y

“PCr: Mod.fied from Ourfee et al. L9 i6r.
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s iated by EPA. The results indicate that the average
i b yveovent of industrial effluents (five Categories) ia
kb on 10 Rg/yr, and the PCB content of discharges from
| bl ty owned wastewater treatment works (POTW) is 110
r bi? h)/ye |Versar, Inc. 1978).

TL: sampling eflorts producing the industrial
4is harge data, on which thess estimates were based,
v toen [ar from comprehensive, but they may provide
.*sults representative of the five industrial segmenta
v.aomied (i.e., timber processing, nonferrous metals, ore
weoneg, pulp and paper manufacturling, snd machinery end
wetnanical products). Tha estimate of PCB discharge

t. . FOfW is high by perhaps a fector of three and
vitiets @ Nonrandom sampling of 66 treetmeat plents;
& ¢ these were In the viclinlty of known PCB

sy stions (versar, Inc. 1978},

Eviay Lf the estimated POTW discharge rate is hilgh,
ree munscipal sector apparently releases ¢ significant
na it oF PCBs into the aquatic environment. The major
. arce2 18 beiieved to be the mobile environmental .

wietvuir, because the munlcipal waates are presumed to
1 .ovn passed from a use cycle to tha environment before

el 1y & wastewater stream. Lzekage from equipment in
. . of belng serviced accounts for the remainder of PCBs
in i discharges. .

il 1t is assumed that approximately 40 x 10’ kg/yr®

f votal PCBs are discharged from municipal sewage-
lsvwtunwnt plants, the release ;ate of PCBs In sewage
1 ',¢ that is released to the environment should total
ateut 240 m 10O kg/yr based on an approximate 6:1 retio
I.: partitioning of PCBs between sludge and water
ceiliuent {Sargent et al. 1977). Approximataly 85 to %0
fer.vut of PCBs in the portion of sludge that is
vicinviated {on the order of 15 percent of total sludge)
aay we destroyed vis combustion (Whitmore 1975); the
serawning PCBS in sludge represent a potential threat to
‘he vnvironment a5 well as a substantial but perhaps
temporary sink for PCOs that were previously
caviconmentally mobile,

iygwy Regycling The use of PCBs in carbonless copy

4y -1 from 1957 through 1971 has resulted in the
vioatasination of paper products and foods by recycling
tto: tices and entry of contaminated effluents into the
(i ancnment via paper-recycling facilities. Projections
tazed vn available data have indicated that both everage
vesientrations and occurrence of “hot spots” are now

17
Aa: racidlv and Sl cantainee Fo ! Cecase Uacr
L= +l. 1%77). Some fraction of the PCBs i1n Carb.onle.s
- ;- gaper and recycled paper is also released to the
v - caphure through incineration under conditinns trat do
% destroy PCBS completely.

Releasa Of PCBs to Soil In light of the diminishirg use
of PCPBs in industry, the major routes ol future entry
into soil apparently will be from disposal sites. in-
service equipment, and stwmospheric transport. Disposai
sites represent a sizabie rese:rvoir of PCBs, but iittle
Is known about the lifetime of these compounds in a site
{for example, & landfill) or their affective rate of
release. A recent study of the Hudson River area
Indicatas that negligibla groundwatar contamination by
PCBs has occwurred in areas surrounding oia landfills
(lcis and Metry 1778, Hetling et al. (378}, but
extiragoiation (roM tne lOCal to tne nacional scale as
a2t fprasitle.

Atcideat b ard Aclitorate reiwases pose a polential
thicat of 2r.r~sr1ve contarinition, but only lccally.
Ciministed irdiuniria)l ure should zasgulz in & reduction
in the nurker of spalls. It us als0 hop2d that
application >f r73s or ICB-contanwnated ouis for dus:
control will.-be red:ced thrauyy public awazeness and
regulatory actions: but 1f it i1s not, such applications
will continue to have local impact on concentrations of
PCBs in soil.

Incinsration The PCB rsgulations proposed by EPA
suggest that ultimately incineration will be the
required method of disposal, but et this time it 1s not
clear whelher the necessary tacilitles will be

3 L o =hat Jerltiing O cusacny fewme ol
temperature are needed to incinerate large quantities of
contaminated wastes {U.S, EPA 1978). PResearch is in
Progress on the incineration conditions required to
dextroy PCBs, but the investigation is not yel complate .
One problem needing immediate resolution concerns the
~ffect of applying “combustion afficiency” criteria
i1sed strictly on combustion conditions (CO/CO, in
‘aust) rather than an destruction of PCAs by the
sLTIACration process.

1 Lapndfills The situation 1s also unclear
it availabslity and adequacy of chemical wastie
fvivs tor disposing of PCBs. Al present, four such

]
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~ibi e exist 1n the Uniled States and more are planned.

1.1 b.etde information 1s avallable about the potential
t o+ liss of PCBs from )andfiils through long periods of
vrsidence, Another problem, affecting both incinaratlion

a1 d.sposal in jandfiils, is how to assign
t. . nsibllity for eplils or other accidental losses
Lna. vay occur during transport of contaminated waste

3¢, o8 State lines.

Adr HFHERIC COMPARTHENT

Hoceinlly availabia datas Lndicate that atmoepheric
tinnpoIt is am important factor in PCP dlstributlon on
t- © local and global! scales (Narvey and Stelnhauver

17t a, Risebrough et al. 1976, Fuller et al. 1977, and
didicean et ai. 19781, Quantities of the compound
dtovted in 4 variety of samples collected at remots
asvay (@.9., in water, snow, and soll) provide strong

<. ¥eoce for this conclusion, even though the detalls of
«ton-phieric transport sare not well understood. Current
1:1ta do not permit accurate characterisation of such
f.ut. 13 as vapor/patticulate partitioning, individual
comgo aent fractionation, spatial and u-poral'urutionl
ook osition, volatilization or degradation rates, of
Vivntatication of ultimste sinka. Accurate messuremest
tss been hampered, as stated saclier, mainly by

te tenncal problema in sampling and analyticsl
grinedares,  But despits the problems, it has been
1unsvitle kO reach several important concluslons
Cunierning atmospheric transport of PCDs.

‘Lys)o») _and Chemical Fotms of Atwospharlic PCBs

carient information about PCP vapor pressures suggesta
tnat PiBe ahould exist both in the vapor form and
t1arned to pagticles in the atacaphetre. Determination
1 ¥l levels in air hsa indicated that wora than 99
,»_..evt of the total atmosphecic burden of PCPs can pass
tav et 8 glass-fiber filter and thus must be collected
Lo var scus adsorbent traps (@.9., silicona oll coatad
<¢+:amle chips, polyurethane foam, or XAD-2 resln
inilleman et al. 1979)). However, it cannot be
tlesmined whether PCBs are associated with particlas
1w .wll to be captured by the glasa-fiber filter or
shcnozt 99 percent of tha total burden of PCAs actually

gV RVPOT sTOES R o aght o that o thow s le sy oo
c. =y be fturther hampaored by vaporicatssa 0! <. 0s
coited with particulates during the colle<tion
;r-crss. However, Harvey and Steinhauver {19/4) state:
...the observation that oniy 1 percent or less
of the total chlorinated hydrocarbon
concentration in the sampied air is on the
filter argues strongly against significent
particle transport.

Murphy and Rzeszutho (1977} tried to rescive thas
phase-partitioning question by weasuring individual
Aroclors In both air and precipitation {Tables 1.4 and
1.%), Two assumptions were made., The First +as that
all Aroclor 1260 detected in ai1r Is associrated with
orrtomLalIiIal iV sa i ly wdlad CONLS LS A salyd
AsskLrrtian v vuse tha vapor pressure randn for Aroclor
1242 go=r2uinds 3 <0 the order ot 19* > H) to }0° -~
Hy. The cecond wncutgtion, basad upan the Fazaitude of
an effc~tere lenry™s e Constart fer AroTlor 1240,
contended that all ICE2 an rein grsult fren particulate
scavenging. This a~ - itn m1qhl b7 10 error becauss
of tha uncertainties involved i calcelataing and
weasuring Henry's Law Constant. The value of the
pertition coefficient calculated from =nry’'s Law
Constant indicates that thea concentrations of scavenjed
vapor in precipitation should be negligible i(tackay and
Wolkotff 19731. Uaing thaic meaaured Aroclor
partitioning snd the above assumptions, Murphy and

TABLE 1.4 PCBs in Prarnipitaticn

Averays Concontration Prrcent

Location {Nusber of Samplas} inangu} ing/ > Dissolved
sorway, Rain 57 4.7 (1.2 -~ 1.8) a“
Barway, Smow (11} 4.2 (1.3 - 1.0 3¢
take Michigan, Rein’ 12¢° (199 ¢ 1a0)* .
Like Michigan, Snow {4) 210 ¢ 9} 36

’-r19hted mesm concentration.
TrathnetaC sean,

¥
T -t v3 {rom Lunde et al. 11977
" ot fean Murphy and Recsiutho 11977,
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0% 43 “vepor“

590 e 1254: 27% as 1260:

940 o8 “vepor”

4t as 1342; %74 as “vapor”®

Calculated as ALQClOC

o tafersace to Aroclar
wo referenca td Aroclor
No relerency to Aroclor
Ho Llaforeation on Aroclor
Cal¢ulated s Aroclor 1234
calculated a8 Aroclor 1334
Calculated as Aroclor 115¢

74% o8 L2342

A
b1

0.5%7 « 1.6

L3
3.6 - 112
I

InmTAne=TAl

FLIE
10+ 4%
0,02 - 0.42
0.002 - 0.07
6.5 - 14
2.1« 5.0
b I

-,

(19 .

N2
(19,

13
n and Olney (1974).
(19T .

197
19764
ano Riaszutko
et aj.
1970 .

1., 197%°¢
a. .

1976-10%

rL

n.
frow Bidlewsn et al.

55 LeLF

1974
Ls Jolla, Calaf., 1974¢
nt., 1973

Michigan,

Céhs

xingston, R.I., 197)-7%
organ Pipe National Pack, 1974
Heys, Kansas. 1974t
Norohwest Teartritories,
Vineyard Sounc, Mase..
Chicage, I111., 1975-787
Miiwaukes, Wis.. 19707
IMpdafied from Bidleme
Inodi fied [rom Murphy
dmodified from Fuller
SMod; fied from Doskey |

Cansda,

Univ.
frovidence,
Jsckeonville,
Lake

SQURCE:
imadified
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s W WAAD CuicusutEd sne WUl WL FLBS 0N particutates
-, L 2Y percent of the total atmasphertc burden.

Calculations based on another method for estimating
~isor/pafticulate partitioning indica:e that iess than 5
srrcent of PCBs sampled in oceanic a1r could be
cssociated with particulates {Junge 1977). Similar
caiculations for continental urban &ir indicate that 10
to 45 percant of Aroclor 1254 and 1260 and less than %
percant of Aroclor 1242 could be associated w1th
pasticulate satter. These esiimates remain speculative
bacause adsorption depends not only on tha vapor
prasaure of individual wixtures, but also on the nature
and amount of available susface area of the adsorbant,
factors not known for most air sasses.

Vapor-pressure data support the expectation that thre
more volatile isomers should preferentially accimulace
in thr atangntnre TEW tnmcwe pieb sR)epcee Tzttt
abpove a standryrd Aroclor 1016 mixture (grcater than 41}
perceat chlorinesl have been shown to contain rore of the
less chicrirated ard thus rore volatile isoxers, for
exa—ple the rono-, di- and tricklorcbiphenyls Mievre et
al. 1975}, 7his firding 3ujgests that an atnospheric
sampla may bear only a slight rogsesblance to the
compasition of the original PCB produzt composition
{Nieure et al. 1975).

tripution o in M

The current state of knowledge about the stmospheric
cycle of PCOs is reflected in the summary of data on
continental and mirine air levels presented in Tables
1.5, 1.6, and 1.7. Relativelv few weasirem-rtes Fova
been made of large-scele, geographically reprasentative
areas, comparing changee through time.

Atmospheric PC® concentratlions for oceanic and cural
contlnental areas range from 0.002 ng/n’ to 1.6 ny/m*,
with wmore than %9 percent reported as existing in the
7apor phase. OData obtained from atmospheric samples
tazen in the North Atlantic indicate an order of
Tvititude decrease 1n PCB levels betwren 197) and 1977

“ileman, Department of Chemistry, Universit; of South
*T~iina, personal communication, 1978)1. But

ircments designed to investigate long-tera trends 'n

T locations do not erist. and thus it is impossible
“Tinin vhether thete data reflect a qlobal tread.
Tration of 0,05 ng/m' 1s used for caliulating
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PCB Concentrations in Marine Air (109 g/m?)

TABLE 1.6

Aanga Comments

Samples

NO.

Location and Date

Calculscad ae Asreclior 12%4

6.18 » 0.4

1972

bermuda,

Calculated a8 Aroclor 11%¢

6.19 - 0.6¢
o.00 - c. 00

Bartwuda, 1972

Matched Aroclor 1248 mest closely

2%

1974

Bermuds,

22

Matched Aroclor 1240 sosc closely

\? 0.0% -~ 1.6

137214

Cruisee

Bermuda-u. 3,

Calculatud as Aroclor 12%4¢

1.0 = 2.0

Chasapeaks Bay., 1973

Calculated as Arocior 112%4

B.0% - 0.6

1971

Grand panks,

Caleulated ap Aroclor 2%4

6.5 - L. &

73

Ceorqges Bank,

t1yre,

Modified from Bidieman et 4l.

SOQURCE

-,

P
©.° Ir'r3s im th? Concemtration ¢f PI25 1n
Cantic-iormuda Alr, Seasonal and Long-Term

<. r of Samples)

PR~ 1248 11077 g/u)

vcilirg Period

B

l-;-:li 197) - Sept. 137} O.7% 1 0.55% (3), A wege « 0.))

cee. 1973 ~ march 1974 0.%% 1 0.53 {7}, 5 wete <« 0.2%
Apgilt 1974 - Sepr. 974 0.20 1 0.9% 11N

April 1973 - Sept. 1975 8.076 5 0.08) 16}
April 1976 - Sepr. 1976 0.077 £ 0.835 (\1y*

oct. 1976 - March 1977 0.074 ¢ 0.099 (11;*

*These sasples matched Monsentos Aroclor k254 mixture more
clasaly.

SOURCE: Compiled from Bidicman, Oepariment of Chemistry.
Univeraity of South Catroline, pecsonal communication {1918).

the atmospheric PCB burden for oceanic ard rural arcas
because the date converge around this value.

Mcasuresents from urban/metropolitan areas also are
quite variable, but data indicate concentrations ranging
from 0.5 ng/m® to }6 ng/m’., The average is about 4
ng/m* or 5 ng/m’. Data on long-term trends do not
currently exist for these areas.

Even less information exists about PCB levels in
raian end snow, and it is difficult at present to predict
levels for various geographicelly representative areas.
The publiehed data are presented in Table 1.4, Two data
sets indicete thet large verlations can exist, has™
temporally end spatially. Whether the Lake Michigan
weasurements represent typlcel urban/setropolitan levels
and whether the values meeeured et Norwegian sites
represent thoee Of remcte regiOms is not certain.

Based on the above diecussion the PC8 burden in the
atmosphere is conservatively estimated to ba 19 x 10
kg using the following data;

Arca of U.S. Atsosphere; 2,5%00 km x 6,500 km
“right of Aesumed

iffected Air Column: 2 km
© .71 and Oceanic Area: 90 percent of affected ares;
0.05 ng/m®* corcentration
10 percent of affected area:
5.9 ng/m' concentration

T /5ubucban Acea:
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o ) of PUBs from the Atmosphere

v b sce removed from the atmosphere via wet and dry

ey sition. The relative importance of each has not
e 1esolved, mainly because of difficulties in
prwnieing dry deposition on various surfaces. The most
volanswve work on wet deposition has been conducted in
sik Michigan (Murphy and Rzeszutho 1977). The
Jiaisrability of thess findinga to other geographically
trycesentative regions has yet to be confirmed, but

tr© +al important observations can be made at this time.
1+ s sle Michigen, calculated yearly PC® depoaition was

I 4.3 to be relatively uniform, slthough a lerge degree
ot vsirablility uas observed in zaln and snow aamplea.
Tiv weighted mean concentrstion of PCBs in rain waa 12¢
g 't, which indicates a gross flux to the lake of 0,8) x
i~ y/m¥-yr (4,800 kq/yr}.

The relationship between PC® concentrations ln alr
asd 1ain was studied using the concept of waahout
s fticients (Slinn et al. 1978). The waahkout
coclticient for vapor depends upon the partitioning of
Fii . between vapor and water, which is essentially
H-iiy's Law Constant (H), whereas that for e particulata
Jdepomls upon the collision efficisncy of raiddrop and
preet.cle, which is a function of the processes of <
dyituvion, interception, and impactlon. Decause the
pircipitation-capt ure processec for the two phases are
d.iferent, it is important to know the vapor/particulate
y1icitioning {see discussion above).

Tia following relatlonship has been used to
ral.ujate vapor scavenging by rain: W = ap, 0, where
4 - wet - flun of PCBsS, a = washout coefflcient
tcvucentration in rain divided by concentration in alr,
¢ density correction), p, ® annusl amount of rainfall,
aid O « average PCB concentration in aly (Murphy and
flzeseutko 1977).  Inspection of the Laka Michigan
ceiolte revealed a to be 6.2 x 10" and 2.5 x 10* for
Ari jors 1242 and 1254, respectively. A value of 7.8 x
ti° as a, for total PCAs, has been obtained using data
tia dieldrin and 0OT (0idlewan et al. 1978,

Washout coeflicients also can be derived from ¢ =
V.4, where R = the universal gas constant (8.2 x l0°
e wc/mol-degkl, T « absolute temperature, &nd H »

e y’'s Law Constant {(Slinn et al. 1978). This would
ceyily that W represents the effective Henry's lLaw
vttt {because PCBs are mixtures!) with values of 4 x

-

2%

-9l tor Aroclor 1242 and § x M0* atm-nt/ro)

T 4254
- o~ results are two to three gorcers ol
« .+ luser than those obtained if the effective

-:;'s Law Constant for various Aroclors 1% cailcuirted
_-.r3 both solubility and vapor-pressure cata iMacksy
++A4 Leinoten 1975). In order to detegynine i, howev=r,
tt¢ vapor pressure and aqueous solubility must refer to
~iterial under similar physical conditions (Mackay,
Departasant of Chemical Enqineering, University of
Toronto, Csnada, personal communication, 197¢1. HMost
individusl chlorinated biphenyl i1somers are solid at
room temparature whereas Aroclors, which are complex
isomeric mixtures, are viscous fluids. These mixtures
will be partitioned into individual components when
present im air or water, and therefore, must be Llreated
ACCOrGngiy (Vosney 1¥/8). Thus published Aroclor H
values may be In error by two or three orders of
magnitude (Nackay, Department of Chemical Engincering,
Univeraity of Toronoto, Canada, personal communjication,
1978). The calculated ¢ cosfficirnts from rain data
{Mugphy and Pzeszutko 1977} and volatilization raie
exprrirents (Doskry 1978} secm to brar this out, but
more cxtensive data are required.  Navertheless, at
appeiIrs that the equation B = apel gives a rcasonable
approximation for the wet dcpoaition of PCBs (Murphy and
Rzeszutko 19779,

Data oa dry deposition fluxes, cither to water or
land surtaces, ars not currently availabije.
Measurements of PCB fallout have been made using glass
platas covered with sineral 0ll aad aylon or silicon
screens costed with oil {Table 1.8). The data obtained
wiing %hot tizhaigues SNIULG auL e cOnsiceTCR
repreasntative of fallout ratas, because the collection
media do not reflect soil, vegetation, or water
surfaces. However, such mesasurements can be useful In
determining distributional petterns for various
qeographical locations.

HYOROSPHERIC COMPARTMENT

f76 contamination in the aquatic environment origLaates
i < several sources inciuding precipitation, land
ST, industrial and municipal waste dizcharyes, and
Al spalls. Atmospherar tTANSPOFLAtIOR sy be a

it factor in the global distribution of PLBS tu
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v i 1B Comparative Monthly Fallout of PCBs

Rynge
et oand Date {ng/m? -month) Comment
we. avey-n1! 358 - 14308 As Clophen ASH
S de. 19722737 128 - 1ves As Clophen ASS
L ociead, 19T-7)) W - 1a%a Limit of Detection = L
Cahoelueskia, 1972-73¢ 128 - 3088 A Clophen ASD
s a3y, Kenys, 1972-73* w0 - 20 Ae Clophen ASS
Gar i, Reeya, 1972-73% w o - 13
Cataat ab
Coemnka® »o
©onltae, cebif., 19m* so000 As Aroclor il%e
Seetveas Cabif., Bishe,
Loty et a8 As Arocler 12351 -
+4. .i1e3 mot detected.
i
T ibied Lrom Sadergren {197}, !
fide.d Jlrom Soderqrem (1971,

-

Yilred from Rengilssoa and Sodergren (L9714,
atiad {rom McClure and Lagrange (1917}
T Tivd from Young et al. (1L97S).
Tov dsdard lcom Sodergrea 1197%) .

vaoex 3ud lakes, but coastal zones and estuaries near
it v arecas probably receive the major portion of PCB
it saaation from sources other than air (Young et al.
e 7C@s initially deposited on land go through
- vesyive cycles of evaporation, deposition, and
siworptl ion, until eventually these chemicals are carried
v.3 watel runoff to lake and ocean sediments, the
itiate sinke.
hen PCBS are introduced into the aquatic
¢ ciiunaent, they are dissolved in the water, adsorbed
<t mixirde suspended in the water, or accumuliated in
P eyt trophic levels ISodergren 1973, Haque et al.
1+ tayler and Colwell 1976, and Halter and Johnson
st FCBs have low water solubility and high
t ..ol /water partivion coefficients; thus, these
“younils are adsorbed readily onto suspended solids,
« 3€-aally those high 1n organic carbon {(Hamelinh et al.
bort, waque and Schmedding 1975, and Dexter and Pavlou
Lisaa Adsorption of PCB residues on the organic

<o - of suspended solids anl the subse;ien
- -: .ration of these particles into the sclirent ;0

i =ystoms is considered a major means for
:--=wi1li1zing PCBs (Oloffs et al. 1973, Hagae et al.
114, Moein 1976, Moein et al. 1976, and Hetling et al.
19783,

Mechanical and biclogical processes 1n aquatic
systems may rasult in some recycling of PCBs.
Degradation of material in the sediment rmay change its
organic composlition and release PCBs to the water
column, Radistribution may also occur through erosion
(Olsson et al. 1970). PCBs may be transported to the
water column and surface film by the movement of
sadiment-generated bubbles, for axample, hydrogen
suifide bubblas (Sodergren and Lacssom }97%). 1t has
bsen observed that & substantial portiom (greater thn
50 percent) of PCRs in pelagic carmivorous fishes
apparently has been recycled through bnttom sedimant at
least once (tHeiniqer 197Bl. Marire pclychiactes are also
able to accumulate PCD3 from contaminat:d scdi-ents
(Courtmney and Langstonc 17781,

Dagpite major decroasns in the iaflux of PCIs to
Coantal marine sitrs, only minor dccreases in PCB
concentrations cam be obs~rved in bottom sedir»nt ar?
flatfish {¥Young et al. 1977}); this obs rvatian sujjests
continued recycling. During periods when contamination
of the sediment becomes sufficiently high, PCBx may b=
released to the water coiumn (Veith and Comstock 1975,
1f these releases were significantly greater t-an the
rate of deposition, long-term pollution problers ray
result with the sediment acting as a sourse of PCB
residues rather than a sink.

Data on depositlion rates are scarce, and the basis
for making estimates comes elther from sarplas of
layered sediment or from actuel measurements of PCBs cn
settling particies. More studies are required becaure
the availabie informatlon is too scattered and
incomplete to allow accurate detarmination of deposi:ion
rates. ’

Analysis of sandy, aerated marine sedimant in’icates
that the less chlorinated isomers of a particular PCB
Tss%ure were nol present, although this class of isoners
©"+i1 be found in anasrobi: scdiment samples {Eter
= 7)., Since it is unlikely that the 'ess chlorirated
" would be retained diflerently in seduments, the

"% Suryest prefercntial decompoasition.
i oan sore Wisconsin ravers andicated that
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~itatn asomers of less chlorinated Aroclors disapprarcd
aviicam from the point source and that the proportion
swin1y chlorinated PCB compounds increased at the
wvoe (velth 1972). This observation may also indicate
teiential volatilization of the lighter Aroclor

e luns.,

tilis can be degraded ln actlvated sludge and it has
“iv . a ~houn that certain bacterla can metabolize
Jlurcbiphenyls (Ahmed and Focht 1971, Tucker et al,
J1Is, Tulp et al, 1978, and Furukawa et al, 1978),
«¢' ¢, the highly chlorinated isomars are dagraded

<t Jiowly than the less chlorinated forms. Thue,
;1 edst1on of chlorobiphenyl isomers below penta- may
as b bottom scdiment primarily as e reeult of

v.ivlual metabolism. Verification of thie hypothesia
.4 dat!iiult, because field data are fragmantary and

41 laboratory studies have been conducted under
cid1tsons widely dif ferent from those of the natural
.,ist1c environsent, Available results do suggest, .
hoever, that degradation of most pentachlorobiphenyla

e, emely slow and that of hexa- anpd more substituted
tickohiphenyls is practically segligible. The
camebw.10n i that degradation ie an insignifigant
Isvar an eliminating the highly chlorinated bipheayls
1., e scdiment, *

tiny yn Fresh Water

e concentration of PCBs in fresh water (including
waspeated particlesl is generally low. Even if the

t:- cnt contains apprecisbie quantities, the
‘nceutsation in the overiying water may be below limijta
oy delection using available anaiytical procedures.
t. lsua tesidue levels in the major drainage basins
swajar rivers) of the United States range from 0.1 wg/l
2 4.6 pg/l (measured between 1971 and 1970: see Dennis
Laiyy Freshwater concentrations of PCAs in large lake
«,11+ 5 have been observed to be much lower, probably
.. ¢+ . their greater distances from point sources of
vu.. 40or the Creat Lakes, the highest value reported
.5 3~ waters has been for Lake Michigan: Ji nq/l

ivite 1.91. The low values reported for Lake Superior

W 1 she Ontarso were used as conservative estimates for
tiw Suster levels of PCBs because the Great Lakes

.. juvi2nl 9B percent of the totai freshwater voiume in
tis Ansted States. The low and high estimates for

L r;/!
Lske Supeorior ias Aroclor 12154)
1972-1) o.nf
e 5.07
Lake Michigan e’
v.0!
Laka Ontario 1.0-1 0%
Lake Muron s.0-7 0%
Lake Erie 1.0’

iouh:::

Veith ot al. (19773,

Swatlm (in pross).

‘lllll.l Li%77).

Edie. NMOAA-Great Lahes tnvironmental Research
s.oboumry. Ann Arbor, !MicThigan (unpublishcd deta).
‘de Lappe ¢t al. lin preoss).

Swain, Lacrge Lakes Acscarch Station, Crosse ile,
,icluqlu {unpubl ished decal .

Glooschonko et &), (L9761,

freghwater levele in ths four geographical areas used in
this report are 1 ng/l and 3 ng/l (Tabie 1.101.

ECBs_in Freshwater Sediment

Results obtainad from monitoring sediment concentrations
in Eurcpean and African lakes and rivers are Presentad
in Table 1.11. Ali PCB levels are Teported on a dry
weight basis. The lakes are divided into two qQroups :
thoae subjected only to airborne contamination, and
those contaminated with industrial and municipal vastes
s weil as faliout. The sediment concentration canned
‘rom 4 ug9/kq to 3i0 »g/kqg for lakes receiving PCBs from
] sources and 2 uq/kg to 20 »9/kq9 for those
“ortaminated by stmosphecic poilution only.
Sediment from the major drainage basins of the
-*! States has been surveyed extensively for chemical
'instion. From 1971 through 1974, median residue
~f PCD5 tn bottom sedimcnt of L7 major rivers
[dows: L.2 wi/kg to 64.5 uq/kq (13744, 2.0
Y wp/kg 11932y, S.0 »9/Rg to 50.0 ug/ky
ool w1k Lo 460 ) ug/skq (19741, The
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vouda 110 Estimated PCBs in Fresh Water from Four
Lo chiical Areas Across the U.S.

PCE Concentiation Ancount of #CB

"0 volums ing/1) [L1Y]

— thm ) Jow high Yo k)eh
Il ci- tamgineatal
T 2r [ H n "
R bo hien Mouwntaings
Aapnd Ll ies 2 L) 112 Joe
- Le e e
APTRPI I.)ie 2 2 1,320 1].9ee
sbl ol Moo
ek m g 13 ] 3 129 bl 1)

Total tE, 5% M, 110

Laghe st regidue levels were detected In the eastern
i*ot1en of the United States (Table 1.12). .

v 1tom sediment from 26 streams discharglng into the
an tiancisco 8ay had been collected and analyzed (Law
Aacd voerlits 1974), PCH residues were tound in all the
st.eacs surveayed with values ranging from 1 pg/kg to
1 B0 wy/kqg, The values found in two streass not
i (atca near lndustrial or commercial developments wege
4 cotrr than would be expected: 1800 pg/kg and 610
PR No si9nificant dif ferences were [ound between
ihe ave,age residues of streama discharging into the
iathan oF souythern sections of the Bey,

c 1950 to 1977, the Wudson River in New York

Tiii. 1eceived wastewater from two plants that used PCBs
to i «ducing transformers and capacitors. The plants
2, pku1 to have been ma jor contsributors to contamipation
a4 tY. river; PCB concentyations in the sediment near
tie voifall from these plants ranged from 6.6 mg/kg to
i ute mg/kg (Nadeau and Davies 1974, lletllng et al.
(itgt. The amount of PCBs stored in the sediment of the
4 tawn Raver is estimated to be approximately )00 x 10:
by tvulfelmire and Quinn, Mew York State Department of
fonservation, personal cosmunication, 1978),

ks Figures L.l and 1.2 indicate, distribution of
liny within the Hudson River sediment is not uniform.
aejnu concentrations occur at depths of 5 cm to 10 cm

ivt. o than at the plane where water and sediment meet.
we s . the samples were callected from areas of high
@y 1. 0t accumulation, the observed depth distribution

“ag a1oliect the reduction (beginning in 1976) and
¢ vutual cessation (in 1977) of PCB discharges from the

i

<= 1.1 PCh Ressdues in Scdinent of Lavwer and
.z in Europe and Africa (No, Samplesl

S R
< cnphrric Sources "‘]__::'_"-j!__
. ;x:-::q-lldls jon })0I  Sweden ko !

take byngsjo (i Swaden l'

Lake Hotsjon (3} Sueden 20!

Lake Kinsriochy (3} Scotland 2t

All Sources o

Lake Vettera 1201 Sweden 170!

Lake Malsren (LSt Sweden a0’

Qiver Viskan (18 Sweden s’

Lake Truamen Lt3) Sueden a!

Lake Oresjo (1) Sweden !

RAiver Xavlimge (5) Sweden so'

Lake Mcilveine (181 Rhodesia y20%
Wartbeespoort Das (101 Sowth Africa 1207
Voelviel Dam 1101 South Africa 10t

Lake Makuru (101 Kenya 207

WCE 2
Modified from sakansson (19771,
modificd fvom Oden and Ekstedt (19761,
wodif el drnm Cndcraren (unoublished),
*modified from Greichus et al. (1977}
Smadificd from Gecichus et al, (1978h) .
‘moditied (rom wells, Depsrtment of Agriculture and Fisheraes
t Scotisnd, personal communication.
Modilied fcom Grouchus et al. (1970a).

General Electric plants at Hudson Falls and Fort Edward,
{f 50, new, less contaminated sediment musxt have
¢ “umulated over older deposits The valucs record~d
**- nndoubtedly affected by erosion during and by the
-t of backfilling that occurs after floods. Other
Tf ,n PCB deposition may be miqgration from sedinent
Tl ir) water cojumns and redistribution by
D
"rat,on of PCBs has oCiurred wheer chinrels
1L Ry the rate of redeposition has tren




TABLE 1.12 PCAs in Bottom Sediments in the Major Drainage Basine of the Unitsd States
and Puerte Rico (Sample Size)
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SUURCE Sandens ({979)

Upper nver grisiled core nerwork, (975.1978. Summ.
WMpIEY were Laken {rom river BaAks and shaliows

FIGLRE L |

21y of 673 PCH anaiyses of wdiment sampies (312 coras) from the upper Hudson

80U {rom deep<hanael sreas. Large puces of woody debrn wety Jbundani 1n Reachet

uih b bui Aol cOmMen 13 Keaches § nrough 1.

Wt Cores

1,

o3 )0 cm/yr (Figqur= [ .2, Albany BRasir,
s~ entown, and New York Harbor). Sho:zt core La-ple, un
«: and marginal shallow water areas from F:nqstan to
r.indry Cove reflect sediment accunulation 1n areas not
druedged.

puring the period 1971 to 1972, the Chaster River 1in
the Uppatr Chesapeake Bay was sonitored, PCB res(dues
were found with sediment concentra2tions ranging from
nondetectable to 300 nqg/kqg. The level detected at any
one time depended on river flow rates (Clark and Murdock
1972). Ouring 1974, bottom sediment was sampled from
various lekes and rivers in Connecticut, The data
indicated widespread contamination, particularly in
highly developed arcas., Levels up to 3,509 ug/¥rqg were
recorded (U.S5. EPA 1976).

Tahle 1.1) summariz~s the widespread contaminat ton
of freshwater bottom sadimnt throughout the United
States (Crump-Wicsncr st al. 197)). Saeples vere tar<n
from lekes snd sireams romote from industrial <“enters to
represcat rcqgional conditions., T.enly parcent of the
sediment samples taken acrosn the pation contained FCBs
with lavels rangung frow 5 uys/kqg to 2,400 x9/%q.

The occusrence and distribution of PCOs in sedinent
from the Great Lakes have bren studied extensively
(Vaith 1975, Glooschenko st al, 1976, Haile 1977, vo.ith
et al. 1977, PLUARG 197¢, Swain 197%, Eisenrcich et al.
1979). Teble 1.14 illustretes the concentrations
detected in specific lske systems., These datas seem
consistant with sediment deta from other sections of the
country.

An svaluation of the degree of PCB contamination
throughout the United States indicetes regionat
variation. In Table 1.15 residue data from the United
States Geologicel Survey (USGS) ere susmarized for 19772
through 1974, These dete shov en inCreass in the
geographical dispersion of PCBe. In 1972, S states
wragured PCAS in bottom sediment) in 117), & statess,

and

in 1974, 1) statcs rcported contamination with the -~
rempounds (U.S5. EPA 1976). Those stintes reporting FCQ
Avtargnation durlng this period contlnue Lo Aei:
s of the chemical today. Data from U.S. monttorang
"t tit=5 end from reports in the literature throu:h (907

'~ thit the highest (evel of PCNs in ferrsha. o

" o feund an heavaly oadustrialized, popn. -

L iy an the castern part of the vount: /|
Toaare fraped) wa rural aread.
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bie 1 1) Summary of PCB Residue Data for Bottom
Codeamuts  Jeanuary 1971 - June 1972 (Number of
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COUReF wodi f1ed (rom Crump-Miesacr ¢t al. (19TH)

iatie §.16 presents estimates of total PCS burde{u
i sediment for particular regions throughout tl.n.Unu:ed
‘141 .,: the Pacific Coast to the Continenta! Divide,
‘1o Apgalachisn Mountain Range to the Aslantlc Coast,
ite Gt Lawrence drsinsge system including the nol't!_\-
.nt.al and Creat Lakes region, and the Gulf of Mexico
“iainage system including the aouth-central region of
(1¢ i..ired States, when calculating a total P_Cl burden
ter s ument, it is necessary to consider posl_ablo
wia.) activity of bottom-1iving organisms., Thie )
L luvity may carry PCB residues deeper into the sediment
(han wuuld be otherwise anticipated. For that raason., 3
Vot ot 15 cm has been used for potential PCB

VIR PR IO B I T S NN SLAEEE:1 S0 S S
Lakes (o, Sasrlesd

wg/b g
Lake Supartior 10.0! 2
(£1] 7.0890.,% 1
aun tr - 20.0
Laka Michigen 10! .
7 12.9-2%.0
Lake Muron s.o'n.o“
t9) tr - 208
Lake Erie 74.8-250.0'
Lake Ontario 77.0-89.0!
(7 43.0-240,0"

tr indicatas Lrface,

OURCE :

FLUARG (1928),

dvcich et al. (1971,
Clooachenko et 8). (19761,
‘maila (197T),

contamination. With an average sedimentation rate of
3.3 mm/yr (a conservative estimate based on values
obtained in the Creat Lakes), 15 cm represents the
average amount of sadiment sccumulated during the last
50 years (Edgington and Robbins 197§).

The area from the Pacific Coast to the Continr-ntal
Divide seema to have the lowest PCD level in sed . mart
Most recorded vaiues are below 10 »9/%q; therefore 2
#9/k9 to 20 pg/kg are choaen as low and high estimates
<f PCP lovels in ozcdizent fro= this FLJASin,  Timae, ine
calculated PCO burden in ssdiment for the teqion {rom
the Pacific Coast to the Contimental Divide is from % «x
10' kg to €5 x 10* kg (Table 1.16).

The Appalachlan Mountain-Atlantic Coast re5i0n ani the
St. Lawrence drainage basina represernt arecas w-hcre
consistently high levels of PCBS have benn recarde in
“iTi1ous components of the aquatic ecoaysten. The Hidson
‘..nr is the moat contaminated water system in the
7T 1Ttic Coast area: approximately )00 x 10° kg of pPCos

“~rn deposited in the river sedimant {Tottelmice
finw York State Oepartment of Conservatin-,
“unication, 1978). Low and high estitiras
Ptrihaater sedinent for the Appalachisaen

.
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TABLE 1.15 Summary of PCB Residue Data for Bottom Sodiments (Means and Ranges
in ug/kg)
1972 1973 1974
No, of No. of No. of
Mean Stations Msan Stations Mean Stations
Arkansas 0 6 0 6 12.9 15
(<2=-29)
California 0 1 Q 15 33.58 18
(<2=65)
Connecticut 127.5% 16 14.1 16 71.8 40
(<5-EB00)} («5-40) («<2-13%0)
Florida 91.6 27 35.9 64 41.) 68
{<5-400) (<2-600) (¢2-530}
Georgia == - 0 1 13,6 9
(el=51})
Illinois .ma -a- 20 1 aew -
Indiana .-- am- an= wee 1 4
Michigan 2 1 - it 17.6 13
(<4-60)
m - -aa 4] 1 16.4 o
(«3-%6)
e lersey — 2 230.2¢ 20 172.2 15
[<%,<10) (<3-4000) («1-800)
L e York —— —-- 519 17 95.8 17
{<2=1300) {<2-450}
rennsyivania 50.7 9 11.7 5 10%.56 23
[«$-E100) («5~20) («6-700)
Texas 61.7 41 17.6 58 45.5 58
(c4=~120) (<I~45}) ([<1=153)
Wisconsin anm - 10 9 0 21
l'uerte Rico - —— 0 (] 242 16
(<10-640)
-== indicates no samples.
Foindicates cstimated,
* indigates mean figure Jdoes not include anomalous values.
SOURCE: Modified from Nisbet (1976).
AN -...‘77“
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iatit 1,16 Estimated PCB Levels in Sediment from Four
o aptiical Areas Across the U.S.

Sediment PC® Concentrataon  Amount 1[ Pcas

vunr- i»9/Kg) im 107 kgt
i thm?) low high low high
oo oask-
FTEETE 3.2 b ] a0 1 63
[P mount . -
el oA 3.0 180 00 e MHeo
1 {s.ence
1eaivae,e 3.1 30 190 100 Ja
it I Henico
S e 10.3% 10 L1 ] 100 00
RN ine following assumptions sre made - the scilmcre is
v CeysNOgENiC With a water content of spproximately 90
i The PCO residuas arfe stored within the upper 13 c»
P .o sediscnl layer. .

“tiantic Coast ares are 100 pg/kg and 500 ug/kg,
ve e tively with the associsted PCB burden ranging from
‘wi oa 40 kg to 2,900 x 10% kg {(Table 1.16}.

Tie Great Lakes are not only the dominant water
tiv:. wi the St. Lawrence drainage system, but they also
Cuustitute approximstely 98 percent of the total
tvt. cer volume of the United States. Based on the
(i lvs presented wn Table 1.14, 10 p9/kg to 150 p9/kg
ate rhusen as low and high estimates for PCBs in
L1 avnt, The estimated range of PCB burden in the
sedient of the St. Lawrenca drainage araa smounts to
tirximately 700 x 10* kg to 3,500 x 10* kg, thus
1 gresenting the greatest PCB reservoir in the

cntrusntal United States.

The drainage area of the Gulf of Mexico contains
g inent with concentrations that range from non-
dricilable to 330 ug/kg, excluding sampies taken in the
s wpaty of heavy 1ndustrial contaminastion. Samples
tetuw Y0 wg/kg were in the majority; thus 10 ug/kg and
‘W Ly %q are considered reasonable low and high
¢ in1les, indicating & PCB load of 100 x 10* kg to 500
A 14 ag stored in the bottom sediments.

I

- T er R aate s fhTU3

ci.ttean of PCBs in [reshaater f.sh has beon of

.11 concern because fish are a M1 )0y source of PLB
imination in the diet of humans. Ccncentraticns 1in
s-ztyin Fish species high in fat content have been in
er:ngg Oof the FOA tolerance level of 5 mg/kg.

The occurrence of PCBe in fish differs among
sptcies, a® would be expected, due to differences in
food gethering habits, behavior patterns, and in content
of body fat. Even when fish samples are taken from the
seme snvironment, PCB concentrations in species with
large amounts of fat tissue, such as carp, catfish, lake
trout, or coho and chinook salmon, are greater than
those in low-fat species, such as yellow perch, walleye,
or northern pike. In a 1975 gtudy using fish samples
from Green Bay, Lake Michi9an, PCB concentratiors ir the
edible tissues ranged from 10,0 my/kg to 20.0 r3/kg in
lake trout, 5.1 mq/kg to 51.6 mg/kg in carp, and ).2
my/kg to 5.6 mg/kg in yellss perch (Kleinert 1976). The
Lake trout and carp had & fat content 1n excess of 12
percent of body weight, whereas the yellow perch tat
content was lcss than 4 percent.

Large differences 1n concantrations of PCBs have
been reported in fish taken from the Hudson River. For
example, yellow perch had PCB levels of 16.0 mg/kg to
18.0 mg/kg and the content i1n 9oldfish ranged f(rom 45
ag/kg to 908 mg/kg {Mew York State Department of
Envirormental Conservetion 1970}. Elscewhere in varicus
fresh waters of New York State, the PCB content of fish
ranged generally from 0.2 myg/kg to 2.1 mg/k9, althoujh a
few species had as much as 4 ag/kg .

Fou vuiienisalauny williiy species can very
geographically. For example, coho salmon simples taxen
from the Wisconsin portion of Lake Michigan had PCB
levels of 0.02 my/kg to 26.0 mg/kg (Klesnert 1776);
those from the New York watsrs of Lake Erie had 0.9
“i/kg to 5.7 mg/kqg of PCSs; 1.7 mq/kg to 7.1 myskg of
' were detected in samples taken from New York wa‘ers
Tf lake Ontari1o (Now York State Department of

ireamnatal Conservation 1973).

‘% from various sources iadicate that the prj

catralrons for speUies tn CErLALN €AY ACRArSr?s, ng Ry

Tre MieMyqas, the upper reqron of the e, 0o
. - Sae Ryver o an vyscenuan, el the ofoen r
. Cve, proreded they DA LOrer o | (Y
=ETIS e Ened to e Do e by g
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oo of PCBs from andusirial wastes an tE -
B +ont an Cish an the upper MISSISSifpr 7. v
o I, but no such trend 1s evident in fish frcr
ot yoeaes (Kleinert 1976).
Last on 4 manimum standing fish crap in the Grra:
3 !l 5 x 10° kg and a mesn PCP level of 1 mg/kg, tna
v ulenk of freshwater fish in the United States 13
tar il to be 1% x 10* kg {Veith 1373, Graham 1976,
et 1h et al. 1977). It seema reasonsble that the
t v of the Great Lakea biots would carry an amount
.1tely equal to this, giving a high estlmate of
it 4« le* kg, Othet U.5. freshwater biota and associated
W oiecely are negligibla in comparison.

b 8. 4. the Qceang

' oiliah some data exist on samples taken from the
w6l Ucean and the Gulf of Mexico, most mssdurements’
Uiy 1n marine waters have used samples collected in
ltesth Atlantic Ocean. A summary of most of the
, +iiuned data is presented in Table 1.17.

Viear cut explanations of the observed spstial and
cvapinsl trends remains elusive. It is especially
iotfiowlt to explain mpasurements wvhich suggest that rPCB
Swidnt, tions in North Atlantic surface waters dropped

;2 isitor of more than 40 between the summers of 1972
coob i1} IHarvey et al. 1974). The data havs generated
i ety debates, but a satisfactory explanation of them
isi yet to emerge (Duce and Duursms 1977).

acynently, it i fair LO say that we have a poor
.oterstanding of historical trends in marine levels of
. Y4, Thais limitation is unfortunate because it

vents accureate predictions of residance times and

Vamate [(ates of PCBs in an important environmental
P

A 1eview Oof the data presented in Table 1.17,

o saet, does indicate generally higher levels of PCBs
1o it North Atlantjc thans in the Pacific Occan and the
cwrf i Memico. Alirborne PCOs may enter the North
“iLoyy Ocean mainiy between lLatitudes 407 and 45N as

v -onaequence of the southwesterly winds prevailing from

e Gealed States (Harvey and Steinhaver 1976b).

I wuistions have been made on the relative importance
“T i several ways to distribute PCBs within the oceans
i ; and Steinhauer 1976a). These include: {1}

Liduisuns ol PUBS by vertica) and horizontal advection

Jeoarncrction ol FTES watm deccen -3
- crs Y evaparatove ¢l tyst L bt e
crfaie wategs 1n los- and mad latstatzs: a:ad
cf-rical degradation of PCBs in the aixed
. c.reently, however, no quantitative i1nforrat:.on
+= rn the r=lative importance of each process.
; -7t 1c)n removal ia probably the most important pathway
« r ~oving PCBs from the mixed layer to bottom sediment,
t few measurements of PCB ac-umulation retea have been
.bjished (Harvey and Stecinhauer i976a).
for purposea of calculating the oceanic PC8 load, an
average concentration of 2.6 ng/)l was used for
estimating the amount of PCBs in the upper 200 m of the
North Atlantic Ocean (see Table l.17: surface values are
2.6 ng/l and mixed layer values are reported as ).6 ng/l
and 1.8 pa/ll. A conservative gstimate of 1 na/l was
vsed 4e the amount of PCBs in water depths below 200 m
({Table 1.17 indicates rcported values of 2 ng/) and 1.3
ng/l). The area of the North American Basin was taken
as 10 x 10'7 m! with a d2pth of 4,200 m {Harvey and
Steinhauer 1976a). Calculations using these data
suggest that Horth American Basin waters contain an
upper limit of 6.6 x 10* k- of PCBs. <Cilculations b
other investigators sujgest & burden of 4.2 x 10’ kg
(Harvey and Steinhauer 1976a). Jlowever, it has been
suggested trat all measurerents of PCHS in oceans have
been biased upwards by sampling contamination, and that
reported measurements may be too high by at least one
order of magnitude (Risebrough et al. 1%74).
Accordingly, we have adopted as a lower limit of PCB
content the value of & x 10* kq.

N
H

PCPs in Marine Sediment

PCBs are transported to ocean waters adsorbed on
suspcnded organic particles in river water. Sewage
sludye dumped along coastal areas also contributes to
the concentrat ion as does deposition of polluted Zr~tjad
SFoiLis. It iy estimated that approximately 4 x 10° Fq
of scwage sludge and 1) x 19° kg of dredqed spoils ars
C.mpoed off the Atlantic and Culf Coast annvally (Cou-cal
“5 Lnvironmental Quality 1970). [If an averaje PCE
T orencration of 400 uqg/kg wet welight 18 assumed (9. -,

ivepies 19710, approximately 7 ox R0 ky cf B

' ave transfecred to thre ccastal waters Arc 1)




+ABLE 1.17 PCB Concentration of Oceanic Water (ng/l)
Date Location and Typs Rangs Mean Asferancs
/1) SAraqasso Sea .9 - 1.6 1.3 Pidlemsn and Qlnsy
{surface) tierq)
$/11} Saragasso 504 ~ N.Y. N Hsrvey ot al. (1%74)
(suclace)
LVED] Arorss~Darbades F) Hearvey et al. (1974}
tsurfacs)
1973774 Gulf ot Maxico 1.9 Glam st sl. (1976)
isurtface)
1974 British Coastal watars <« 1% - .83 6.33 Dawson snd Riley (13717}
(surtacs)
9,78 [celend-Nsv England l=7 4 Harvey and Stsinhausc
!surfacs) {1976a4b)
/78 South Atlantic (11* § - 15* §) 0.3 - 3.7 0.9 Hatvey and Stsinhausr
isur{aes) {19764}
1972 Noreh Csntrel Pacific Cyre - s Williams and Mobertson
isurfacs} 11978} '
197) Colif. currsne 0.3 - .58 Younq {1978}
{surface)
AR New Enqgland Continental 0.0 Hsrvey st al., (1974}
Shall (suslace)
AYDantay Narcheast Tradaw 1.5 - 8§ Magvey o+ -
g tace) (19 1y .aatil
Lt toreh Atlantic 0.3 - 8.0 1.6 Harvey ang - o
isurface) (1976ae)
1 Pacific offshore watars up* Risebrough vt .l
{surtacas) {1976}
1e?) wWastarn boundary of Southern 0.27 - 0.49 0.4 Risabrough ee 3l
Calal. Luynt lsuzface} L197¢)
AVR ¥ Caliyf, Coascal waters 1.1 ~ 5.9 2.1 Rissbrough at al
lsurtace) {1976)
/7% Atlantic Nortpuot Trades 0.% - 0.7 1.6 Harvay and Steinhaucr
\mixad layer} L1976aeb)
9/7% North Atlantic 1.7 - 1.0 1.0 Harvey and Steinhsuce
(mined layar} {1970 aseb)
/7% Atlantic Nottheast Trades 0.0 - 4.2 2.0 Harvay and Steinnauer
{deop watsr) € {1976 a4b}
L Fah North Atlantie 0,7 - 2.4 1.1 Harvey and Steinhauer
(deep water) (L97634b)
“Limit of Jotcction ranged from 90.03 - 0.3 ng/l.
uixed layer 13 tikcn 38 the upper 200 meters.
SOnep water 18 takan a8 buiow & depth of 200 merory,
moNs o177

"
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i tiasport from .5, rivers Lo the ouvcans is
¢ v Leated 3t 2 X YO0 kg INishet and Sarolaim 1912).

I'1ts on PCB levels in marine sediment are available
j+ava sty for coastal areas, estuaries, and harbors.
tessitewents in sediment deposited on the continental
Siraves scem to be lacking., Wherees most of the PCBs
I-ticered to the open oceen remaln in solution or ere
i bed onto suspended soiide, it ie likely thet sost
1 vhe FUBs delivered Lo the coastal regions ere
dipesited in the sediment. The greeter abundance of
o= ted organic solids in coastel waters (108 times
Yre smount in the open oceen) plus e more repid rete of
i+ totion contribute to the removel of ¢ lerger
yivporttaion of PCBs from the weter column in these ereee.
stheeetore, it as Inferred but not yet provems thet most

f thy #CBs deposited in marine sedimant will be found
vihoan the continental terreces.

i Gulf of Mewico Because the Gulf of Maxico recelvas
edimrat runoff from about two-thirds of the U.S. lend '
asts ) one-half the arca of Mexico, the content of
itns w0 sediment of the Gulf is representetive of the
ittt situetion for a lerge aree of the continent
viibile 1.18). PCB levels from 0.2 xq/kg to 3% pg/kg
e bound in sediment sampled ln coastal erees of Texes
wind Leuisiana (U.S. EPA 1976). In Escambia Bay,
itou.ihy, where sediment has been sampled slnce 1969, jt
t:n been established that an industrial outfall is
tvarnissble for part of the PCB contamination in that
.va.  Sediment sampled nsar ths outfall reached a PCH
troel ot 986 mg/kg in 1969, but the contsmination
wita:y to have decreased since then (Tabie 1.19 and
FIERFIT I I 3 IS

tie Nerth_Atlantic Ocean 1In & preliminary survey in
ithy 1n St, Margaret's Bay, Nova Scotia, investigators
-re unable to detect any PCB residues (limit of
ctection 1| pg/kg) in scdiment samples taken from water
dejthy of 5 mto 20 m and 60 m to 75 m (Hargrave and
tiatiips 197%).  In surface sediment off Long Island and
iew Jeosey, PCB levels were found at 10 ug/kg and 40
Ly %y, Tespectively (West and Hatcher, Atlantic
eav.jraphic Research Laboratory, NOAA, personal
caomamu. e ation, 19761, In a dump site ina the
“hiistiensen Basin, at the head of Hudson Shelf valley
ittt W §0°27°N, ESE of harbor li1ght entrance to the
i-w Yiar Harbor), one core sample revealed 2,000 ug/hy

- - S et )

voar of narler of

Sphng Stations rG/y
R T ] I -12 " 56.0

197)-14 N %0
sedircnt 1973-15 E1% 0.)
Water 1773-1 n 1.8
Air 1971-7% [} 0.4

SOURCE: Tahen (rom Giam et al. (1976).

TABLE 1.19 Residucs of Aroclor 12%4 in Sediment
Samples from Escambia Bay and River (mg/kg)
(See Flgure 1.1 for Station Locations}

Locat ioe Depth 127 11 1972
1
2
[
[ ]
12
1]
14
As
16
i?
10
19
20
23 0-5%5cm .1 0.9
$ - 10 cm 0.12 59
0 - 15 cm 6.1 ND .-
1% - 20 cm 0.4 ND ---
22 8 - 3% cm 19.9 0.%1 0.1
3 - 10 cm 1l.0 ND ND
19 - 1S cm 15.9 nD ND
S - 20 em 20.9 ND .-
10 - 25 cm in. 8 [ ] ---
1% - )0 «m 1.2 ND .-
i) 0 -5 cm e.1y 0.1 ---
35 - 10 cm 6.00 ND .-
19 - 15 cm 0.a2 N me-
IS - 30 cm ND HD ---

Cive atr 4 nut qbrtected,

el tuan ULS, ETA )Y T6
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L, et U] Fuwambes Bay waimphag shahoss

tw the upper & cm and 400 ug/kg in a I0Ne 4 cm to 2) cm
lel:v the sediment surface. 1n coastal sediments Of ¢
wawa Lootia, Mew B8runswick and i1n the Northumberland
“i.4.t, PCBs were pear or below the detaection limit of S
vy 2y [Leonard 1977). However, in a 1976 survey of four
w9 harbots in the Atlantic Provinces of Canada,
\rviel- of PCPs ranged from 10 wg/kg to 2,900 wg/Rg

o+ —————— . -

[REERTSS JEY S PR o fecp 0 1Lt .- 1.
cs Cormada, ne PTES were feuat e oot ..o of
st e Batfin Bay a0 watar deptrna o' 3t - s
.. .e M, Lancaster Snund atl depths of 927~ ot 55 &
v« 2 3-uth Sourd at 536 m [(Pocklingtan, Be 14!
i titute, Halifaw, jlova Scotia, personil cinrurica®ion,
1770).

Pacific Ocean The coasta. waters of south=stn Calif{ormia
have been extensively sampled for evidence of PCP
residues. Osted sediment from the Santa sathara Basin
indicate that deposition of PCbs bejan akout 194% (H-n
st al. 1974). Through 1967, the levels of PCds derecred
were incredsing continuously (Table §.204. Urder
anaerobic conditions burrowing organisn acivity is
negligible so that PCBs can remsin undisturhed :n
sediment for at least )0 years,

Desplite major decrcases in PCHB emissicns arer a )
year period by a doninant distharqger to a coastal rarine
site ln Los Angeles, Califormia, onty minor ércrma-~s in
PMCP levels were cbsersed 1n the bottcm sediront [fourg
et el. I977). In arc.as nnar ~he outfall, Jevels waried
from 7 mg/kg in the top S cm in 972 t3 about 4 misrg an
1975, In areas 12 km from the o, tfall, the
corresponding values were 0.% mg/xg 1n both 1972 ard
1975,

Sedimant samples taken of [ the Peruv:an Coast at
depths of 510 m and 915 m did not have detectable PLQ
resi1dues; the limit of detection was 5 w3/k7
{Pockl ington, Bedford Institute, Halifax, Mcva Scotia,
personal communication, 1978).

That PCBS can be transported to considarabl« water
depths is indicated by their pressnce in the

TABLE 1.20 PCB Levels in Dated Sedimcnts from the
Santa Barbare Basin (ug/kg, dry weiqht)

i740 - 1ee 11
17 « o932 (L]
1% . 1940 13
Sl e 1967 100

B I T e e I R L i AP
LarTo bbb ea, W P a Panbr Ly, A T
- DL L DL L T A -
Coes oy, N F S | v I
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e, waersad fish, Antimoce reostrata,

Aa porranent

ioom.oaa ¢t OF the lower continental siope 1n Pacifaic

1~ tHisebrough et al. 1976). These

.+t v e bottom, crop benthic epifauna
cvomat for infauna. The PCB residue

. 3and root in the
s found in tissue

caepts . taken from these fish ere believed to Originate

100 the sediment,

it. with Sea Sediment from ths central North Sea and
the M Lwegian Depression has besn sampled (Edar 1976) at
respectivaly. In
tiv apper 20 cm of the sediment; PCB levels averaged 28
pa’hiy 1o the North Ses: in the anasrobic sediment of the
twiryian Depression, levels of 56 pg/kg were noted
11w 1.21F. The sampling sitss in the North Sea ars
ciivently remote from any point sources of direct
transport of PCB
iwtt-lues must have been the source. It also wes

s ved that the percentage of less chlorinated PCBs
.45 hijher in the anaerobic sediment of the Norwegian
trpiensi0n than in the well -aerated send sites in the
SLpth o nea. i1f the ratios of high to low chlorias

-3t~ depths of abcut 50 m and 150 m,

lt.  10n suggesting that atnospheric

tvime iy werq identical for both areae

at the time of

rporaution, this observation would suggest that

Lo f v jical degradation may have occurred in the sand

i-Bli 1.21 PCP Concentrat ions in the Central North

v d 3wl NOTwegian Depression

fish swim slc=;

r Baeg A n m w

Vatatale $IT ‘N 57 30'm 3774w 31749 n

ey [ ude 0~ 10w [ 154 Y 2N 4 LR U B 4 08T i€

v Tt e fow

Sva 1a-4d 39 m 45 - 20 m $0% m

vediment Typ® Homoge neous Fine to Clay and Viscous
silty fune acdive ale clay and
sand sand it

iveE o phant

beragtic g _averdge. wg/hg dey sedimenat)

hpt. 10 o 0.4+ & 14 .0:2.8 18.0:1).9 1).7-8.
LTSI T B 5 1. %:2.8 e 5t 40.5:)0.% 19 3.
Laimy Reprintced Iwilh mod: ficat1oasl with permission fiom

e sas.m), Copyright 119141, Pesqumun Pre=s,

Ler. Jhere 1:101-10&. €der, &, ©r 83 and cumpounds o! the DOT
S o sedyments f Lthe central Sarth Ses and 1he Morwcylan

g,

%1
shrsical factors relatet to solub:ilat, a-~z
Tty be grportant also and could tes !t 14 pCR
; -ttt *'rem sedivernt .

Tt Faltic_Sea From 1372 through 197}, sedirent tahen
1% various areas and depths in the paltic Sea was
*vpled and anaiyzed for PCB residues (Oden and Ekgtedt
1976, Only surface sediments were studied {0 to 2 ¢m).
ia the northern part of the Baltic Sea, the PCB content
was fairly low {about 20 ug/kg) and without targe
9eographicel variation (Figure 1.4}, Symitarly Jow

MMRCE Moppid B Odon snd U E o dy y 938y

b
VR L4 N B, nc s ttens 1n RN T NETRRTY Vol RO Ty ST I S "IN TR SO
HERRIN 11



T

e

v hal been gtserved an earhier £t lies 12 "rkz »-
' V'L The haiah con’ gminyt;on tale - Sgn wi'k]
I .+1 +n the central and southorn portions was rost

veobally the result of waste disposal practaces,

fte marine sediment data presented 1n the above
abreitions were used tO estimate the quantity of PCDs
Al in coastal areas of the United States., We have
»it. teed that most PCBs are accusulated in sediment
“itan 310 km from the coast (within 2 km on the Pacific
‘st Tha PCB burdenm indicatad in Tabla 1.22 were
tal. .tated for the upper S cm of the sadiment layar.

I'vl:» 1vn Magine Biota

[t wasg Of marine biota over the eastern contimental
fao il of Morth America is taken to be 10 percent of the
si- 14l marine biota, or about 1.5 x 10' kg (Natiomai
He . -atch Council 1977). VUsing & concentration of 0.2
wq kiy (Risebrough et ai. 1972, Graham 1976), a plausible
P tbound estimate of PCBs in North Atlantic marlne
Licts is 3 10t kg

»

kowgval from the Hydrosphare

in he course of determining the mass distribution of
I''#a in the Laka Michigan ecosystem, transport

VAMLE 1.227 Estimated PCB lLevels in U.S. Coastal
sedimeats

Scdiment PCA Concentration Amgunt of I'CSy

Vol yme 1ug/hg} ix 10} xg)
Thm ') low high low high
tacitic Coast 10 16 50 24 130
rtientic Coast 10 10 0 5%0 40
tald ol MERLICO (] s 15 20 "
Total &N e
v The (ollowing asswapt sans ate made - the sediment has
v, denssty of 2. The POBs asc stured an the upper % ca
<1tk sediment Javer within a4 destance ¢ 10 km (rom Lhe
steretine fur Atlantic snd Gult ol Meanica and 1 km ipc the

cic b Coast

i —

- s K N -.ll‘ lll*.\'J]"l\JulL Lt v nang s -~
1ite 19271, A fractionation of the pCa

.r Akt water andicated that neasdy §0 percect
. s b unt,1ted with heavy partiCles. The mean settling
T = »3u estymated to be 0.25 x 10 g/m*-yr. Datred
« ymnnt samples from the Santa Barbara Basin in
catifornia, showed that deposition of PCBs be=gan about
1945 (Hom et ¢l. 1974). The rate of deposition in this
study was calculated to be 1.2 x 10* g/m*-yr. PC3
deposition rates in sadiment from the northwestern
Mediterranean region had been estimatad also (Elder and
Fowler 19717). Thase calculations ware based on PCa
contents in a series of coras taken at & water depth of
about 400 m. The values ranged from .8 x 10* g/m* ;1
to 1.2 % 10* g/m?-yr over a period of 15 to 20 years.
Fecal peliats from fupausiids wera found to contain PCH
zacifogr e the ranyt 37 4,000 g ey RS 28,310 aaSiy Cag
weight. and it was suggested that sinking zosplankion
fecal pellets could have contributed to deposition cf
PCB compounds in drnep ocean sediment.

Tha results of these studies are i1n remarkably close
agraement, considering the different technijuns
employad. The findings suggest that PCB dcposition
rates ara similar in both Lakes and marine coastal
areasa. Basad on thesn dats. a mran doposition rate of
1.0 x 10* g/m'-yr is proposad.

Rate of Rejeasy of PCBy Several studies indicate that
PCBs may be raleased from the site of d+position in tke
sedlsent by biotic or abiotic processes. After such
relaase, PCBs camn be Incorporated in the fo2d Jeb or
reintroduced into the water column IVeith and Corstock
197%, Ycung ¢ 1. 1277, Scurtnay and iLangstow: 17173,
Olsson et al. 1978, Sodergren and Larssom 979, and
Weiniger 1978). However. the results repogrted are cnly
qualltative and do not provide estimates of the quantity
being released.

LITHCSPUERLC COMPARTMENT

The estimated diciribuction and amount of PCBs in the
lithosphere are summarizced 1n Table 1.2). The data used
to derive the estimates are d.scussed 1n the (allo~ing
subsections. The uncertainty involved 1n attanpiing tu
estimate the distributi1an and amcunt uf PCAs 11 the
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f1rt 21 Estimated PCi Levels an the Lithospheeas

TCO Concentranon Aount of POR-

LLNVY T ingy
. e tow LYY 1ow high
+ o PR T 0! rraae 200t
o TR exn e 13a10® 1.3 a 10t
site 1 e 02 R T TR
I 1 x10? ! Lia 4 eree?

IR T

o9 n 0’ oy ae?
Total i .

t it mast be noted, particulerly in the two largest
ciend i nts, $0il and plants.

shno e Soal

" tele sinformation is available on the concentration of

v -8 ks u0il. These compounds generally are not
iettarle in agricultural soil, Although many “hot

“,-287 with high PCB levels exist in aome industrialized

tooatious, the estimated average soil concentration for

i1 prlitan areas in the United States is about 0,002

s b WWarey and Gowen 1%76). In Japan, the average
vwertidation is .08 eg/kg (Ffuliwara §97S5).
tlheteas the pattern of PCS pollution in lakes

“i,* 3% to be controlled by atmospheric fallout, results

a vationwide network of sampling stations indicate
St Ll concentrations in stream gscdiment are the
ceuit wf accumulation downstream from known point
varevs s of PCB discharge or from industrijalized urban
aicas L.TORET-U.S. EPA Water Quality Analysis Branch,

St ng and Data Support Division). The contrast in
, teihs suggests that PCBs 1n rainfall make negligible

- .t owut ions to sediment in streams. A possible

s vic.t1on for this 1s that the primary source of water

L i owin. am flow 15 water that secps out of the ground
tivl.ue 1 ag the base flow of streams). Only rural

' "Uisbhut jons to streams come via rain that fslils on the

\ ‘ey .n the channel. [Appendix A, Table A.1l, shows

T tar ihe agjregate surface area of streams is only one

N . .«t_¢r that of lakes and larqge Teservolrs.) The
el ed dack of PCBs f(rom groundwater discharge 1s

— i —

<3
2 LR S-S A A SN A 4 R L .
=+iiuiible 163305 fron zan il o Trisur o aver Cle s
aad Detry 4978, Hetiwng ot sl 1?1BY. 2t D KD ate

)
wideiy dispersed in rainfall yet wvirtual!, 2y ,en" f:-2m
ground water, one aust conclude that PCHAs are
accumulating in the soil and near-surface sedim-nt
underlying the s0il. As already noted, data are scarce,
therefore i1t appears to be impcrtant to monitot PCH
levels 1ln so0il to flnd out how much enters from ra:nfali
and what their fate is after entering.

The compartmental biomass and estjmated PUS
concentrations are presented in Table 1.23. Using these
values plus a lend area of 9 x 10* km?, s0il depth of |}
cm and soil density of 1.5 g/cns*, the range of PCH
burden was calculated as 2.70 x 10 kg to 2.7 x 10* kg.

Plants

An averaje PCB concentration in vegetation has been
reportcd only for romote areas of SCerwmany (0.92 r3, kq,
from Klein and Weisgerber 1976). Tke high arnd low
estimates in Table 1.2) wcre based on ranges Given 1n
the German study and represent m3/ky ‘resh wricht. Tas
biomass for plants was ectinatei in relatjor to
llvestock biomass (6.35 » 10i* kg, from Robinson 19751,
and the PCB burden was calculated as 1.) x 1C* kg to 1.5
x 10* kg,

Hildlifg

Mesl of the wvu.ialiv Jela on FCB vuicentrations faund
in birds deal with predators. The l#v=] in tissue
samples gencratly depends on the typs of Aiet for cach
species studind. Avian specles feeding mainly on iraid
birds and rarrals have PCB conCentratizas in liunr
samples that rang? from rondatectable to S0 ry/kq £:15n
weiqht; those fording on fish have Cconcrakra’ 1an:
ranging from nondntectable o ¥00 ey/rq fen-h e bt
(Prestt et al. 197¢). The ddta indicace Lhar i1 or
concentrations are approx;mately 1.5 1o 2 4 ,-e85 too
concentrations fourd i1n whole body syiwples. Resi! 5 1n
birds that feed on worns and arserts are consi bt
lcver compared to the above ralues. §CB tissum o -nyg
of 0.55 mg/kg fresh weiqht have been reparterd for
‘tarkings (552ergren and Ulfsteand 169721, and 0 L~ by
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1y kg fresh weight reported for 7obins Iwhate
' 1¢v levels in tissue of herblvorous birds
igee 2.2 mg/kg fresh weiqht (calculated for mourning

s, Fleitzer 1974).

BEERTRT VLN I8

information is available on PCH levels in

HMice in Iceland contained tissue levels
“t my/kg fresh weight {Bengtsson and Sodergren

i L1pid samples from fones end polar bears in

ilaint 1 ontained 2.8 mg/kg and 21 mg/kg of PChe,

jevtively {Clausen and Berg 1%75).

¢ 8 lervels in wildlife were investigated during an
1sive atudy of the Hudson River. HMuscle and liver

it e

. tes from snapping turtiss in the Mudson Estuary had

entiations ranging from 0.05 pg/kg to 174 pg/kg
“tiny ¢t al. 1978)., Samples of liver tissue of

i npimals indicated PCB ranges of nondetectebls
4 st . 4/kg in raccoons, 0.18 ug/kg to 0.%0 xg/k9 in
b2 0.44 pgfkg to 1,70 ug/kg in otters (New York
e Lepattment of Environmental Conservation 1978).
11 13 diffjcult to derive an average PCR
entration for wildlife. For the purpose of Table
i, low and high PCB concsntrationa are estimated as
gty and 0.4 mg/kg frask weight, and the biomase

v.ine was estimated in relation to iivestock biomaes

b

\

L

»% . 10% kg, Robinson 19751. The range for PCB
iet on wildlife is calculated to be 1.3 x 19 kg to
= b0 hg.

entughk

o

3

vis ul PCBs in livestock may be derived from dsta on
coureatretionk in meat. In Japan, average
valsations Iln wet weight are 0.02 mg/kg in beef,
™, kg Iln pork, 0.004 mg/kg in mutton, and 0.06
+4 th chicken (Fujivara 1975%]1. Because similar
ues hava besen reported frowm other countries, a
L eolration range of 0.002 mg/kg to 0.1 mg/kg was used
Tatie 1.23. The biomass was estimated using USDA

crcubiural Statistics 1977 and 1974 for the number and

rage weight of livestock on U.S5. farms. Ths
iwate | burden for this compartment ranges from 1.1 x
ky tu 6.3 x 1C* kg,

TTAn_inr humans

Lrceks nf PCRS in huinan adipose tissuve ha~= been .wil
documented., A surmary of the data 1s presertud ,n Table
1.24. In those cases :n which the original data were
not presented in mg/kg of lipid, the viiues vere
recalculated assuming thet acdipose tissue contains 76
percent lipid,

The concentrations detected in adipose tissue can be
converted into whole body levels, assuming that lip:d
constitutes 30 percent of body weight, Accordingly. a
PCR concentretion of 0.35 m3y/kg body weight has been
suggested. A population size of 2 x 10% vith an average
weight of 70 kg per person was used for calculating
biomass (1.4 x 10'* kgl in Table 1.2). The PCB burden
associated with humans is 4.9 x 10°* kg,

Irangport Petweaen Lithospherz and Atmosphzre

Volatilization rates for PCAs apoear to defend cn
exparimental conditions. A ioss of 40 to 50 percent was
obesrved for Arozlor 1251 in either dry or wect s2ad, at
26C over a period of 4 weeks. In contrast, loss of
Aroclor 1254 from & soil containing 3.1 percent organic

TABLE 1.24 PCBs in Human Adipose
Tissue
can Concentration

Couniry tm3/kg)
crnma k! s.0
Jagen’ 4.7
west Cermany’ 1.9
Austrial 4.6
v.K ! 1.}
MNOrw g.9
Canada? 1.2
East Ggruny’ 6.4
Israel 3.
wew Zagtand® sy
U.5.A. 1.2

WRCE :

Modified {rom Kraul and Rarlag (]97161.
Imoditrad from Fujrwara (19757,
MModified €ecm Acker anid Schulte 119700,
‘modified €eom Res ot al. 1197975,
Modilied Erom wasscynann v al. {39741,
Ssdilied foom Solly and Shunks I8
"ecilsed foam Julz and Strassman 311915)



v rrcac?ed as negligibie. (D5 in oth-r soils
-+f CENasnlC content ray undc:qo sChe
tilisvtaon.  when allo<ance s made for differences
siriirental conditions, the rate of vaporization of
I i 1254 from sand appears to be of the same ocder
v at.de as the volatilization loss of Aroclor 12%4
itoelf which is 2.0 x 10* g/cw?-day st 26'C (Hague
vroab o . 4:40, If a linear relationship is assumed
iU -va PUB concentration in the top 1 cm of soil and
tte e uf vaporbzation, the eapected vaporization rate
i a4 a4, pical sandy soil concentration of 2 pg/hg
¢ ..oy and Gowen 1976) would be 4 pg/a’-day, or on the
s Licker Ay the atmospheric deposition rate in the
vt lakes area (Murphy and Rzeszutko 1977).
'he 1rsults indicate that PCBs depoelted by
v« jmric falliout onto sand, and presusably other
Cgaaic materials [such as rock or concrete), will not
. wwaiate but will reenter the atsaosphere via
ltiliration at a rapid rate (2.0 pg/cm*-day). PCBs
soj-nited onto high-orgenic soils will reenter the
antilose at 8 slower rate. However, the low
.+ utvations observed in soils (Carey and Gowan 1976)
v s with the estimated rate of deposition {Table
i 4 andicate that the residence time would be on the
cist o ot une month or less.
Wil organic soils in the Unltsd States are
1 +liy covered--at least partially--with vegetation.
i i-v,e aud grasses may be efficient collectore of thoee
ot a L, ocisted with either particulate matter or
{ ¢ 1y1cation fsllout, and the vegetation probably would
.+ rauvily release PCBs via volatilization; thie
- wrgt v Is supported by data from a study In Hew
Tk "8 levels were measured in or on foliage samples
csim oat control eites, upwind of facilities that
i et ly used PCBs, Ranges of 0.2 wg/kg to 0.8 pg/kg
(v vy octed (Leis and Metry 19781. PCBs would be
.1 L ed to the uvpper soil layer through leat liteer
bor oL it iON processes, but the average concentration
L so would be diluted by the additional presence of
1 ot amsnated plant materials.
¥ s deposited on agricwltura) lands may never
+ « aatale in the top layer of soil 1f the food crop is
(w» veed totally. Lands supporting cow Crops, grains,
4 ile: similar plants are typically turned under
¢a.t,, sa that the PCBs are spread throughout a greater
e} W than the | cm mentijoned above. Crop foliage and

&1

;10 ire qrowth typically are removed and used as (~o1 or
se2tyrg for livestock.

Unti! more expsriments are conductl:d stulying
frocessas of transfer between the atmosphere and the
Jithoaphere, many questions regarding the net flux
betwaen these major environmental compartments capnot be
angswered.

DISTRIBUTION NODEL FOR PCBs FROM DOMESTIC SOUPRCES

Thie eection of the report uses estimates of domestic
PCB usage from 1930 to 1977 to derive a Mobile
Environmental Resecvoir (MER). The FER is defined as
that portion of PCBs existing in a form that can be
Leliimdsalid in NI SaVeTIaLlLtol wedie Who Lolta,
including amounts detected in air, water, sediment,
upper levels of soil, and biota trophic levels.
Materisl in landfills is specifically e#xcluded as PCis
within theee e¢ites are considered genaerally o be
immobile.

The composition of the MER derived from data or
domestic production and use, is categorized by chlorine
content of the biphenyl mojecule. These categories are
described below in dascending order Gf biodegradability:

Cetegory 1I: PCBs contsining one to three cklorine
atome per molecule {(moro-, di-, iri-
isomers).

Category Il: PCBs contaimning four chlorin® atcns
per molecule (tetra-isomers).

Category iil. #C3sé countainjy L.se or more chlorine
etoma per molecule (penta- throurh
deca-leomare).

Hagnitude and Composition of the MFk

Data on PCB production and salcs, inCluding .nfarma’ . oe
on domestic salcs by cateqory of use 131 Acacing
designation, were outained for the pori:od 1947 wo 1374
(Durfee et al. 1976). Using these da‘s and knasn
distributions of chiorire ataoms per mciscuie tce =y 5
Aroclor (Hutzinger et al. 1974) the y ar!y dr-2ese,
siles can be calculated foc each of theee cateqorie=s
wer the specified peryod
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1. . .vlable data were extended to cover the entire
. 1 taiagh 1977 by deriving best-fit empirical
suny (1om Categories I, IT and 111 of PCBs ussd in
(1 ~.ie Viveal equipment (closed systems) and
ct: .o al applications {open-end and nominally
i alems). The resulting equations ara:

tlectrical Applications (units are kq/yr)

. 3,0.097¢ - 19300
Car oy 1 usege® = 2 4 x l@a it = 0 at

varoaiy Bl Usage = L.16 x 1059979 ¢ o 0 ot L9I8)
beioqeny 111 Usage = 2,24 x 1039 192% (¢ = 0 at 1939)

‘in order to establish & zero b!n {i.e. starg
of production), sebtract 3 a 18® kg,

Nonclectrical Applications lky/yr)

3 0.117t
Cvogeiy | Useage = 2,81 m 107e it = & at 1950)
v J.Ay i Usage = 2.21 x 105-'-:::' it » @ at 193%9)
Catvgory 11} Usage = 7,35 » 10%%-103% (4 o g ar 1950)

li thrse equations, time (t} is messured in years
t'.¢ initial dates of production [t = O) as
. cu1. 3 for each equaticn. Nonelectrical applicationa
e significant arcund 19%0 and corrslates .
| isiwmately with commercialization of Aroclor 124B.
¢ l4J1, sales for noneleztrical applications
i Leve by became 2ero.
the sdel described sbove results in & total
ative yse of PCBs from domestic sources through
" .1+ 3 x 10 kg, 7 percent higher than the valus of
? x 14+ xg previously estimated (Durfee at al. 197€).
produc Lion percentages, extended through 1977 for

.ol Gl the three PCB categories, are:

. b

Category 1: 38 percent
Catagory II: 23 percent
Category III: 39 percent

Tac assumed loss factors for production and use of
vi swemarited in Table [.25 ace based on engineering

Vet applied to the available information (Ourfee et
i tr. The factors are assumed to apply to all

%+ 1 1.8, a5 noted, through the cessation of domestic
v ium dn 1977,

'

“atie 1.26 summarizes the cumulative losses to the
.. .lated by applying loss factors from Table I.25
st pioduction use model above. For Category I

st v losses in electrical use, the basic equation

SAELE 1.25% Assamed Loss Factors for Produs tion a- !
sege of PCBs (1910-1977)

Pescenz ot
fraction

Percent of
Oveeall Loss

FusceLon Factor Entelvag the FER
Primary Productios 2* 50 a
Transporx/Handling o.5* iot
Fiest Tier Usage * s0

In-Service Electrical

Cquipment 0.) of mategial \n 100
. service per year®

Meterisl in wonelectricel 10 of material in oo

Applicetions service par yeard

Sapplicable to total domestic production.

*applicabls to material uscd sn each of two genersl applicstions
(efectrical and aonslectricailj.

SYsetul sscvice 1ife of 40 years,

Pysetul gecvice [ile of & yoars.

without zero correction was used, and the result
corrected by subtracting 0.2 x 10" k3. A sinilar zero
correction, by subtracting 9.0% = L0’ kg, is required
for Category 11 losses from clectrical setvice. “These
corrections are required because of the extrapolations
made for the period from 19)0 to 1957; however, the
factors are zmall whem compared to the total cumilative
amounts in the MER for each category,

The results in Table 1.26€ indicate thact, as of 1977
& total of akoct £.2% « 197 kg ol #CGs nad entered the
MER. The amounts by PCB caregory were:

Amounte

is 10° kg)
Cateqary 1: ). 42
Category II: 1.83

Categosy lIl: 1.)0

The estimate of 8.25 x 10" ¥q i1s dare~tly ~c-parable
with the 1972 estimate of 8.2 x 10* by (isb - anfd
Sarofim 19721, as well as the vailse Avrite: .n 905 fq-
A1l PCBs available to “re bHiola (LyN.ria} < 46 4=¢* 1. n
f¥27e28cs) of 7.8 x 10° ky (Durfee et al . 198y} Tt

13 xadel suggests that the cumalateoe gm0 of b s



Total
0.7%
0.40
0.98
0.485
$.62

Category III

0.31
0.16
0.38
0.19

s to the Mobile Environmental Reservoir
2.2¢%

and Producticn/Use Function

Category I!

0.18
0.09
0.21
0.13*
1.20

by 2

PCB Losses to the MER as of 1977 (kg x 107)

Category I
0.30
0.1%
0.37
0.14*
2.16

Equip.

Non-Electrical Applications

TABLE 1.26 Estimated Cumulative Losses of PCB
as of 1977 by PCB Category (Chlorine Content)

Transportation/Handling
*7ero~corrected {(see text).

First Tier Usaqe

Production/Use Function
In-Service Elec.

Primary Production

in the mobile environrent as of 1972 aed 1928 .ece
significantly less than previously estira‘ed

Repoval of PCBs from the MER

The major jdentified process for removal of P{Es Ircm
the MER (as defined abovei is land diwposal of sesagse
sludge. Using the estimate of 2.4 x 10* kg/ys of PCBs
in sewage sludge {see the subsection on “Industrial and
Municipal Effluents” above), and applying this val.e
over a 20-yesr period, it is estimated thar about 4.8 x
10* kg of PCDBs have been removed from the MER via sewage
treatment and subsequent sludge disposal.

SUMMARY COMPARISON GF [NVENTORY

The environmental inventory is summarized in Table 1.27.
The tota)l estimated range of dorcstically derived pCBs
in or removed from the epvironmant is betwscen 1.3 2 10’
kg and 8.4 x 10° kg. These values compare faorably to
the sstimated MER of 8.25 wx 10" kq.

The major portion of the envirtonmentally avsa.latie
PCBs is containcd in marine wategs, accounting f-r 50 to
80 percent of the total inveatory. The totai a~ount cf
PCBs in the North American Basin is estimated to b= 0.6
® 10" kg to 6.6 x 10" kg. 1In comparison to thesa
values, water concentrations from tke Pac:fic Ccrar and
Gulf of Mexico ettributable to domesticaliy preli—ed
#CDs can be considered negligible. 1t shoald b nc-ed
that the valuns in Table 1.?7 are hasad cr ~ros.;ever's
referring mainly to PCBs in Cutegary Il and that the
high estimiatae is greeter than the estivata of

environmental relesses of Ceteqoar, 111 rmateria.s. 1t 15
possible that some of the oceanic PCBsS origraat~ fron
European 48 well as North Amcrican sources.  7r

compartment appears to be a dominant renereoar foar prg;
even if the oceansc inventory &8 hingh 52 A v rar of
two. The rate at which PCOs will evrntualiy revch Jard
perhaps become bourn-l tol deep occun sedimene, n..o g,
cannot be extimated on the basis of currcent keou-led e
The close aqreement between env.ronnesraj
soarurerents and the results of the model ohiyir-d an
%7 Analysis should not be interpreted as an LA hicy bun
Tt bhiurtegradation and other procesies cf descr.tn
D3 da Rt ocour yn the eavitoasment. e et poon
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. 1} #17 Summary of Environmental Inventory of
il ivrived PCBs

Est imate” (kg)

aaonoat Low High
o - 1% = 1o
| e 1.6 ala3 1.8 x 1%
tirat Heier Sediments 1.4 x 20% 1.1 x b0t
© e mateys 1.2 = l.. 3.3 « 104
. Hs ¢y BLORS 1.8 n lo‘
Fauae Suarments 6.6 x 207 .7 x lﬂ‘
Ciae werers ¢.0 x 10* 6.6 x 20"
G HAULA 3.0 = J.Il‘
coge vliakye . 4.8 » 10‘
Vo 1.3 x 20’ .4 x 107

“ntage uf Totsl

L cans Watess s0% e
.

ane ext imste was made it 13 placed between the low
dlumns; only two signafacant digits are used for the
Lmsrce and tolale.

s iR this estimatg pay be derived (rom Zuropesn Bouices.

v; 1t the ultimate fate of the PCBa now in the MER.
ity tesults, however, do indicate that biodagradation

. uthei processes resulting in chemical alteration of
. m.lecules) has not destroyed a major fraction of

.iwnmental PCBs at this time.

+ o uUNEL IDAT JONS

P RBycoause the North At lantic Ocean appears to be
St witamate sink, futther studies are needrd to
cain e PCB concentrations and distribution 1n the
st eavironment

! Avvhough modeling was useful i1n assessing large-
»1 sintribution and fate of toxic substances, more
- 1e data bases are needed to develop transport
i 1. 0t eavironmental pollutants. For example,

tacther reseazch 1s aeredad to deteir - toe g
rransfer between the cnvigonmential co~jart-r~rt s

3. EPA should cont inue to develop bebter ana. ..
technigues, particularily those enahling assessterns of
the extent Of PCO fractionation. Because ol con?irying
analytical problems it is dilficait to determin~ “he
entent of ecosystem contamination. ¥§For aguatic 35,3'ers,
the most effective indicator of both the ceqree of (B
poellution and the potential hazards to humans and
wildlife is the PCB content of fish. To effectivnly use
this indicator, factors such as age, species, 2ni
eutritional habits of fish must be considered. Cetailed
information on the individual PCB iscmers should also be
reportad together with the specific Aroclor desijration.

4. Freshwater sediments are important contirontal
ginky $nr PCEr 2m2d checie]l pttartier ghgulA e S e
monitoring programs and studies of PCB cycluing fran
sedisment through human food chains.
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POLICY
* ASSESSMENT

The dats presented in Chapier 1 indicate the extensive
environsental distribution of PCBs and the oxistence of
several localized hot spots for whick removal or cieanup
eaction may be justilied., Statc and f{ederal off:-i1als
have been coordinating efforts to reduce PCB leve's at
the hot spots and to prevent future contaminatios (L.S.
EPA 197pa,b; Hetling et al. 1970}, Thas chapter will
Atrp=pt +n Antemrmics tho cacte o8 Slecss % Dzctrol
and cleanup pclicles and the potential benefits to human
health and the enviromnment.

CONCEPTS OF BENEFIT-COST AMALYS1S

Denefit-cost analysis avaluates brnefacial and o' egqe
rffeets of a proposed action wn terms of 3 cosa-n
FInetary unit, like dollars. (For devlailed dati _35,0ns
<7 terelit-cost snslysis and 1ts cclationship to the
o sty:0g principles of wcifare evalustion, see ifrest
P Tace 2 196%, and Havemap and deisbrod 19750
~Toanvions afe ranked according Lo net
» P AT as, Seaetits minus casts.  Socisl ,aad (s
MR f wne Mo tory salue of rev Son fiicas

ol
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~ithout regacd to whom the benefits accrue.
ik ot the practice of benefit-cost analysis
s the development and implementation of rules for
w oy or inferring monetary values for beneficiasl
¢ ivccse effects where these are not directly
porande.,

“iiy benefits are a measure of changes 1ln utilitiee
vtivie of individuals., It has been esld that to
. +. ®», *"Man is the measure of all (economic}
1. tnus, human preferences provide the baeis for
.+ .4 and measuring economjc benefits. Only those
vhat individuals use ejither directly or
1y can be includad in & measure of banefits.
~us that scme effects cannot be meesured in
s+« terms, @.9., certain ecologlcal effects, such
‘v.slions in the size of species populations, or
<« .hanges that affect freshwater or marine trophic
i However , where such eccloglcal changes affect
“1ally exploitable resources, such as flsheries or
.« o1 ecological systems for outdoor recreations,
tfsits can be expressed in economic meaeures of
[N N

i+ benefits of controlling chemicals such as PCBs

4 . - iue to individuals and society eithar directly in

s .aom of increases in the availability of goods and
«% {€.9., improved health or improved recreation
tuapties), or indirectly through increases in
taon efficiency. Assigning monctary values to
i.+n resulting from chemical control policies
i vy Lthree distinct stages, each of which must be
S 1gud if the benefits are to be measured.

¢ ..+ ne Reduction in the quantities of chemicals

i «.-4 into the environment leads to reduction in the
twcration found in various environmental reservoirs.
i g the functional relat ionships betwecen changes in
2l releascs and changes in ambient chemical levels
v cg-lew matter, yet these processes must be
(«1urd before the benefits of chemical regulation
i - estimated.

- Cuanjes am ambaient choma sl con Rt
- o F s an human vie Attt e Lp2TT0 T )
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estamition process and stouid ce tarsed Tno -ranL-e
process to distinguish :t from the process of i, :::_7-
discussed in ths next stage.

Stage Three The effects of changes 1n a-dDient guality
have their counterpatt in changes in an aggregate
willingness to pay for uses of the environment., Hege
the economic coacepts of demand and ~zlue are Certral to
the endlysls, However, the successful irplementation of
the valuation process of Stage ] must often await th=
development of a better knowledge of the physical,
ecological, and othcr srooeszes 3svirning Stazes 1 oand
2.

Costs

The costs of & rcqulatocry actior are def ned and
measured by determining which utility or beaefit
opportunitles arc forecloind by the a<tion, The control
of chemical contamination invclves the use of scarce
resources that might otherwvise have L-er put 1a‘o
different activities, Costs assoziatcd with these “news”
usee are cslled “opportunity costs”™ a~4 can be m2.sured
in monetary terms by soclicty‘s or the ajjreqste
wiliingness to pay for those iterms that nust be given
up.

How can the gooortunity ¢ost of revlar)o- h=
measuzcd? “hen regulation requires praducers Lo uyse
real resources tuch as labor, capital, and raterials for
the installation of trestment and control equipsernt,
special handling of materials, or develcp=2nt of s;ecjal
digposal methods, the market valuas of thaie ress r-ng
can be taken as measuras of opporiunity cost. For
cxarple, unader cortuin ConditioOns wAge s are a mean._ro of
“eorarqginal productivity of libor in the aconamy ard
"7t fore feflece the value of other q20ds fcreqgore when
Lt .5 Curmrted from one sector of the ecorcry to
st fo control chemicals.

-1T2TY actions may also reduce the avsilabiiizy
v ovrvices O Consumers jn a more direct
Tt s v ple, requlation may take the form of a
! 34 p rtacular chem.cal or the



R,

o= -

N

“aot3un of particular g9oo0ds usaing the ctesical as sn
', ut, oF 1t may involve restrictichs on altowxable
. sl talerances in food (e.qg., the FOA maximum PCB
d1:atons in fishl. Such policies do not absorb
-y directly, but they do impose costs in the form
‘) .ts in consumer welfere. In some ceses, the cost
,itwtatuting alternative goods for those binned by
‘v 10n provides » basis for an estimate of true
-1 cost. A well developsd economic methodoloyy
‘. (s making estimates of thie sort.

t.onomic Impacts

1 1;pes of economic impact assoclated with
.i.1e1y decisions can be deecribed aad quantified in
iu1y terms, but they aIre not commensurete with the
.. efficiency benefits and costs described
Lo The incommensurability arises bescause the
i~ of impact are usuelly based on changes in the
.+ 3 viiume of a particular class of sconomic
v .avtiun rather than on changes in the quantities of
*» aud services available to consumers. Tha'
“i tion is similar to the one often made in the
1.1 cost literature between real and pecuniary
in (Haveman and YWeisbrod 1975).
1. .tlustrste the point, consider the cese of &
.-+ 41 plant that closes because of regulatory actlon,
tr.winsting an annual million-dollar payroll. This
.1, nas economic impact on a region, but it le not
<raarsly & resl cost in the sense of a reduction im
i. ie goods and services. The relationship bctimen
sessure of impact and the measure of coet depende on
s tality of the Iabor force and other resources end
t . speedily adjustments can be made. These factore

' wary Wwidely from case to case. Where a firm or an

1. 1.y reduces output because of governmental
Cit.t jong, there s a cost in economic efficiency oniy
- extent that, far & time, resources remdin
.ol or undercmployed. [0St output 1S an
..te measure of cost im this case. The cost of
.. ¢u Absorbed i1a relocation or other activities
¢ .0t Lo sperd the adjustment process (e.g9., labor
¢. . iy programs) should be taken i1nto account. If
Vowoaters lawd off trom a plant fiaud altcosnative
CLeo vt ammedaately and at the sanc waqe., thege o 7
B t ather thn the expeace of velor itics. -

q1

=f ~ue labze force can find alieraative exglo,—ert,
trere 1% A €cost in ths form of lost output, and the los®
grroll may be used as a measure of this cost,

COST-EFFECTIVENESS ANALYSIS

A cost-effectiveness analysis can be used in
citcuymstances where & desired level of beceficial e!ffect
has been estasblished and where the policy has been set
to achieve that level at minimum cost. A cost-
effectivenese criterion ranks alterrative policies in
terms of the cost raquired to echieve the given lavei.
Bacause all the policies being evaluated schieve the
same level, the beneficial effect will be the same and
the varjour ortions wil! $iffor o231y in terss of theair
coets. One advantage of cost-effectiveness aralysis s
that problems created by the noncomrensurab:lity cf
heneflits and costs ars evoided. It should be note:?,
however, that wnereas this type of aneiysis can be
useful in evalueting alternative options for achicving a
specific goal, it cannot be used to determine the choice
of the goal itself.

EFFECTS ON [{UMAH HEALTH AND THE ENYIROLMZINT

As the data presented In Chapter ) and Apperdix O
indicate, the major effects on human health ard the
environsent resulting from exposure to PCBs take the
form of subtle lmpairments rether than qIoss
marcholoaical or patholoalcsl chararg. Aru*e ovprsy-a
of elther humans or wildlife rarely occurs, and those
eftects that have been observed are the resuit of
Cumulative contacts over long perlods of time. <he
section entitled “Assessment of PCB Hazard™ in Chagter )
presents the scientlfic evidence relating wo PCB
toxiclty 4nd illustrates some adverse cffects of
unintentlcnal relesse of the chemical to the
environmeat .

Effacts on Human Healtn
“2fosure of humans to PCiHS cin occur throwgh a nun'eyp of

fttfrront routes--occupationsl exposure, ingest youn of
TTet1ngated foods or fish, e<posure to cuntamirdt-d
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v. 0 water, and transmission from mother to child
t .t breasy feeding. The levels of cortamination are
.1y low, except where occupational exposure or

L1 P oruatact oceurs.  Because of the Iow
~vnt.altions and the subtle nature of the toxlc
*.or. 3t is extremely difficult to assess precisely

difications that may have erlsen in the health
! Luaasn and animal populations ss 8 result of
. iroawecutal exposure to PCBs {ses Table 3.6, Chapter
i wei | -documented cases of PCB intoxication in the
.oan ,upulation have been limited to industrial
1s involving workars directly responsible for PCB
« ..un, excessive exposure to manufectured products
“t.a:ag PCBs, and consumpt lon of edible products
. .ated with PCBs during processing (Matthews et
[IERE T BN
iwne of the nonspecific effects on heelth that say
I. sttiibuted to low-level exposure to PCODs ers ayuor-al
t:t1que, abdominal pain, numbness of limbs, swelling of
iiul .., chronic cough, menstrual icregularity, and
1ooudacle,  Abnormal tooth development,
Loywrytgmentation, end low weight ia newborn children
it may be complications resulting from PCB exposure.
Ainimel ities in blood lipids, snemias, lymphocytosis,
¢t adiwnocortical hypofunct son have besn recordad in a
et of chronic diseases associsted with £CB
.atoxi. ation. 1In addition to dermatologlcal
dvcswalities, such as acne and hyperpigmentation, there
. ivé Leen suggestions of incressed incidence of cancer
io neate of the Japanese who were exposed to PCB through
¢ at.aination of cooking oil {Urabe 1977, Umeds et al.
[ S - NN
Glher potential nonspecific abnormalities that may
. ur as & result of chronic exposure to PCBs have been
sogyeuted by controlled experiments using nonhumsn
(1 linates. In addition to alterations in the menstrual
.- te and births of abnormally small infants, nonhuman
|t imates experienced a greater frequency of early
cbiktions follcwing low-level exposure to PCBS (see
i ale | &, Chapter }). Infants born to mothers exposed
1 Fins during gestation and lactation also show some
. 1ca f immunological competence as well as learning and
i fia.iural deficiencies. These abnormalities persist
Frnately!
tver though a large percentage of the huran
o ctataon has been expuied to varying amounts of PCI%,

' 1 * e
Vi by through the tood chawn Luee., contar Ryl

-

S breosioce, tegetation, end huTua Soavs, o e
A3=a7nntcd cases of healtn problers asecopated -, st
vaaaranmental exposures exi3t. Thus, a foetatloed

cvaluation of the effects on human hcalth in the ceneral
population is not currently available, although theore
are indicstions that even limited exposure to PCSs may
produce injurious effects that will be difficult to
detect sven with close scrutiny.

Asseossment of effects on the environment js even less
Ccleear-cut than analyses of groblems associated w.th
health. The data in Chapter 1 sugsest that PCBs are
found in many places. However, as the results in
Cnapter J indjcate, the toxic etfects ars subtle ard
difficult to detect. Reduced reprodustise capabil.ty as
the most coemon result ©f erposure to PCBs arong rany
species. But other morphkological ard functional chanjes
are noted as well, particularly in the livacs of test
shimals. PCBs accumulate ir adipose tisiue, and .c Fas
besen suggented that severe =ffecis could arise when the
animal is under sufficicnt stress to cobilize the 7CB-
coataining lipids. Eocausea PCE concon‘rations are
magnified ss the compound moves thnrough fosd chaini {see
Appendix D, Bicaccumulation), the mozt pronounced “oxic
effects sre noted in the upper trophic levels.

Excessive accumulations may lead to reduction in the
size of populations and to consequent alterations 1n the
composition of communities and, ultimately, of the
ecosystem.

ECONOMIC ANALYSIS OF PCB CONTROL STRATEGIES

In principle there are three categoriss of optisns fo:
controlling or reducing potentially adverce etfect: of
PCBs on health and the environment, They are:

+ reducing the flow of additional PCNS into the
environment (reducing or elininating direct dischagc je of
'CBs as an i1ndustrial waste product or controlling ‘re
4T¢ and dizposal of matcrials currently W service taat
Vie contaminated with PCOs);

+ controlling the eaponure of populatians

Wlery measures, Such as limiting] cannumption ot
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;. L .hLisrouraging the practic~ of breast f(cedin:, or
.. .. 4 strzict limats on permissible levels of PC8s in
1 . and
. . lucwing stocks of PCBs in environmental
ti+- 118 (dredging river sediment, cleaning or

.~ ,iai.nq existing landfills previouvaly used for
1 g+ .1 of products coataining PCBs, or enhancing
1 fo . wiation cates).

¢ 15 pwsaible to asseas, if only approximately, the
v .4 effectiveness of specific control strategies
5. win fuuem one or all of these three categories.

.. 1 ;tiectiveness of Contrcl Strategies

e fullowing specific control optlons have bean
cusidered for this report.

i. Governmental Requlations oo Disposal of PCBS.
(10 has published final regulations on the disposal of
I tslkes containing PCBs (U.S. EPA 1978a) and is
L1-0nl)y considering revisions and additlons to the
Lepolalions {U.S. EPA 1978b).
?. Lrgdging and Disposil of Contaminated Rjveg
. dument. The Department of Environmental Conservation
sv mow tork State has evaluated proposals to dradge
1. <ul contaminated with PC8s [rom tha upper Hudson
\..vr as & means of controtling furthexr flow of PCBs
,ta 1 he estuary. Analyses are underway to determine
‘L. tzchuelogical feasibjlity of effectively reducing
bt 0 Juvcle in various localized "hot spots” lHetling et
E P9re).
) rimitations of Permissible Resjdues ion FOA
¢ wtated Products. The FDA has implemented a temporary
.1 at tolerances for PCB residues in scveral classes of
i .1 an) currently has under consideration a proposal
i ¢ fureher reductions (U.S. FOA 1977b). These limits
piy vt milk and dairy products {current limitation--
S owmgckg, proposcd Jevel--1.95 mq/kg fat basis), poulkry
¢ aerut limitation--5.0 mgshg, proposed level--1.0
k. fat basis), eggs {curreant limitation--0.5 mg/kg,
4 e level--0.3 mg/kgl, and fish and shellfish
wio-ul limitation--5.0 mg/kg, proposed level--2.0
oy The FOA reports that in all categories., except
Jsl .l sheblfish, che observed contamihution levels
¢ il betow the propoicd Limacs. Thetefore, Lthe on.y
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» TTOERIrTicen O TR? propased regulation -oujd te
.177d with comperciral distritution of f.sh acc
cr L ifash.

For each option we assess efflectiveness in terxs of
the quantities of PCBs removed from the environment and
destroyed or immobilized, or as in the cases of the FDA
regulations, the gquantity of PCRs prevented from
entering the human diet. In each case, we assure
perfect compllance with the regulations. we alsc
provide estimetes of the cost-per-hg affected for each
option. These estimates do not include administrative
costs ar the costs of inspection, policing and other
enforcement activities.

Controlljng Use_and_Disposal Table 2.1 summarizes the
available information on costs of existing ard propo-ed
regulations governing use and disposal of P°Bs. Th«
values were derived from two reports covmissioned by EPA
(versar, Inc. 1977, ¥estin et al. 1978), and from
additional information preovidod by the Agency's Office
of Toxic Substances. The data upon wihich the costs ::-e
based are presented in Appendix B.

The first column of Table 2.] presants the
quantities of PC8s that wcuid be prevonted from reachirg
the environment, either through destruztjon or
immobilization, for aach policy option. The second
column gives the total cost of each policy oplion. The
thlrd column providea the average cost of each opiion in
dollare per hilogram of PCB controlled. If within each
option there were no variation in the cost-per kg
removed under different circumstances, then this figure
vuuiv ke LeAcl a» Lepiuselc iy Lhe LI EeTental or
marginal cost of renoval for that optiosn. Tadle 2.}
does not address all the EPA regulatiors, be-ause scoe
data on costs are not available. Also the propase! £PA
requlatjons would impose no special requirer~nts on
disposal of small appiisance capacitors or hign intersity
and filuorescent lighting ballasts, althouqh estimac s
indicate that n-arly 81.8 » 10* kg Of ¢TC- are contisinnd
in these items and are cuircatly In scevice (drstin et
al. 1978). The Committee .Jor5 nat at present have
cstimates of the cost of controls on these pPCS
raitorials.

The rank.ng of options 1n Table 2.1 1s based on the

TPLion that FCH releases prevented by cuach

-1t1on would have resulted 15 eyuivalent



+ABLE 2.1 Costs and Quantities Controlled for EPA Ragulations on Use and Disposal

neity Controlled
dus {kqi Control Costs
relicy

Avaragqe Casc

b Per kg

A. Inginecste tiuids 123,000,000 $ 75,000,000 $ 6l
) trom PCH trzansformers
lrequiced)

n. sared and ncinerace 90,900,000 $3%50,000.000 $ 3. 058
high voltage
capacitors (required)

¢. Shred and incinerate 31,800,000 $141,000,000 $ Y
low voltage
capacitors (require)

D. Flush and drain 12,300,000 $105%,000,000 $ 0.50
cransformers altert
A. (required)

E. Place tranaformers in 1,360,000 $ 45,100,000 s 13).1%
chemical waate land-
fill (required)?

f. Replace PCB-containing 100,000-150,000 $ 2.800.000-),400,000 $ 18.€7-34.00
electrozagnets and
ineinerate fluad
(propesed)

. Replace PCB-cOntaining

et IR PLALAG BJUIPe
~ung (propored)

(1) Losders 11,000 § 2,000,000

5 1%5.30
{2) Continuous Miners 1,136 $

640,000~2,240,000 $ $62.00-,,
N, Orain and incLnerate 10,900
mineral 0.1 transformer
fluids 1! concaminaced
by more than 50 ppm
PCBs (Proposed) ¢ '

$612,000,0C0-769,000,000 $70.000.00+-. ¢

1. Flush and replace con- lata 1ncomplete?
taminated hydraulic
fluide in die caeting
{proposad)

dats i1ncompleted $111,.000

‘1t i1s assumed that transformes will be disposcd of in chemical waste landlills ratner than Ly
ingineration.

Loprivns A through € will be undertaken as PCR-cOntaining cquiprunt 13 taken out of service.
cxarPle 80N PMCO-CONCAINING r.anafOrmers may FemiiaA in SCrvice tIr up to forty yesrs. The
contral cosks here will be inenrred over the usuiul life Of the rquipment in question. Thrse
costs have not bgen discounted te the preosent., Discounting would roduce computed control cott.
aud would have the qreatest afieccet on control options wtfecting trdnsformers aAng translormer
fluigs. Duscountimg would have relatively litetle corluct: on options F chrouah @, since theose
onrtigng wouwld have to be undertaken snortly attuer the clfcetive Jace of tna proposed regulat.ons
‘Flurds with dicacer than 500 1pm are covered By Policy A.

Tincremental custs ATC ©stimized [rom gvordyc custs per Jic-casting machane.
#nd quantity conetrolled are not kuown because ¢f lack of Jati on the number

¥aor

Aggregats coscs
of affected macn:.ncs

SOURCE: ModaCaedt from Vorsar (%771, weetin ot ai. (1978),
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R antal ant hoal*h r:isks. e _oyap, s fores of
e coul? be prtentaally more threaten.n: ‘han
fei. especiaily 2 health. For axarple, continued
! iUBs in mining eguipnent {optioa Gl could subjzct
. ors to significant risk of severe contaminatijon.
v+ «.th this gqualifization, the data of Table 2.1
2ty a classic pattern of increasing marginal costs
wt1ol, rising to extremely high levels for the last
...ents of material controlled. The options listed
nta, if implevented, control a total of 260 x 104 kg
f . us. Virtually all control is accomplished with
,1irns A through E at average costs of $3)3/kqg or less.
‘4w i<waining Ooftions listed {F through 1} would
.. ibute less than 0.1 percent to further control PCBs
wld add significantly to tha total coat: marginal

.ot 1 o the last option rise to more than $100,000/kg

PEE N T
e ;ing_Hudson River Sediment The New York State
Gegras veent of Environmental Conservation haa axsmined
21 e01l options for dredqging contaminated sedlment in
,iprer Hudcon River and encapsulating it in special
Information on these options is
, ~sented in Table 2.2. Maintenanca dredging refecs to
- uline maintenance of river channels. Although some
114 would be removed by this dredging, tha only portion
{ tur cost that can be properly attributed to PCB®
.mtrol is that associated with encapsulaticn of tha
$yaalpe spoils. During the summer of 1978, tha stata
:.move)d portions of the remnant deposits and stabillized
e gemainder. This appears as option B in Table 2.2.
tacth of the remain.na policy optioas (C through E}
inuLives more comprehensive and extensive dredging
grrations than option A, and thus greater cosis.
(ncremental costs and quantities of PCBs removed
i 2 r heen calculated from data presented by the New Yotk
Yot - Department O Environmental Conservation iHetling
1978). These control costs are computed on the
I'v .3~ of encapsulation of the dredge spoils rather than
Menrruwctive incincration of sediment contaminated with
If incinegation were employed, costs would be
i\ ..ne1. The data shov increasing incremental costs as
ta, jot quantities of PCBs ate removed. These dredginn
.u.t3 are higher than the least costly use and dasposal
{eawlations of EPA loptions A through E, Table 2.1, but
© i1 Lelou the most cost,y F{A propostd requlatiors.
cost-eftectivencss measures for the 4udson Paor

fiet

iendiill sates,

vt oA

i B

o

N Cansy »
rodscy thr: L2 T
A. Trinisnance dradqing 11 l');-_— < 2#:1‘;7“)
. Li12,03)
8. Partial ve=avi) of LTI
rernadts and stesiise : ; e * *
Eat1on of rensindes
lpetiserwd Quring
sctvae of 1973)®
C. Memova remsinin
g 9
stabilized rewmant 13120 > 299300 P
deposity
0. Mct spot dredn.ng 17,000 3 17.4%99,0%0 1
. 0% %
E. Recove a1l tiver $3.400 3173
hpiing e 1¢%,370,0.,9 51 1%
. man ———
umulative Total 1le.tco $294,097,0m9

——————

-
agxtg:::i c::tf:l!:d 13 based on rrviscd dica receiond o ¢

o Woe d55v Shete Do an e
s eat ton 1eie. LI vAL ol Cur aroatian, peemin,

frmnant rofern 2 scdiment expngn ero/al 3t the Foes E:carc Do
o e 1 3
3~q by a Lhe d L -]

BOURCE: Modi’ied from N
Consecvat oy !","-r New Fork $*ate Drpact-weat of [avisns - ral

gredq§nq options are based on the assurption that
p:cdgqu and Qisposal of spoils do not of ~~»w§

ae significant i el
re) environmental hazards ike~linc 2 al.

T;&;fe:Lfﬁﬁ_ﬁwdﬂsgt QE tish -or Mu—sn Corsirpt:o :
mit on the arsuat of PCSs 1a fich ;J;Q.;FD‘T;:—1° o
'foﬂc”fc Productivity of fisheries wo#iﬁ b;.:;dfin;ﬁe
;;l:ﬂ?l!h.PCB content exceedin; the 1i-:t Caatd t e e
fﬂlroged. and it is likely that Fishi~n ro- . C
Sfecies i1n contaminated areas would cea;n PR et
rcaq?T: :?f: of :nposinq a mAasimus 1inli_on alina it e
teanonic éqdﬁqu ? T2 the vatus of rthe grodurtion n ;nn
czrom lgs 9ctxfxty of fiihorie3.  Precise meras re -
cf thi s is difficult in practice. for s1Tp! e
: f:ﬂ be assured that the effac® of tre lin jqflf.‘tv'
iyl outpat of fisheries would be sq :}:;;_Tln or
= b b no change yn the price of .. h ;‘.:

Loy ;
1} ecan . dratsys 15 Lasead cn oty

. aMich cupe. ] - - - -
LI - 151 .
1i51ble A cCne entr- the




L .- 1 wou'? be that fishin: ast:ivuly Ccontinuecs at
wn lovel, but that catrhes contaminatad by PTEsS N
..t the limit woul!d ke confisvated and destroyed.
vo - .alting reduction in sales revenue at the dock
' 1s 1 salue) can be taken ¢s a measurz of the economic
.1 .t the limitation. It'has been estimaied that the
,os o+ 2 mg/kg temporary Limit for fish would result
v s 1.5 in landed value of $1 million for marine
'v neries and 357 million for freshwater fisheries, the
Li ter located primarily in the Graat Lakes region (U.S.
ICA (P17a)l. However, landed values are likely to
st st imate real pet lcsses because at least some of
‘Le iprtal and lator, whose producttivity is impaired,
<cui! be deployed elsewhere.
Ihe assumption at the other extrene would be that
ya.ticatar fishing activities are decreased, but that
~a;ita) and labor in this fishery would be abie to wove

- .tl- 4t productivity losses to other activities, such as
‘yul: ; for other species or moving to other waters. In
', ace, the loss in output of fisheries would be

<+ 1)y offset by the increase in output of other areas
vs Le .ources would be diverted from one use to another.
teither extreme is likely to be an accurjte
“rjaveentation of the real world. There will be changes
v Ve oe)s of activity and movements of resources 1n
(e¢sjunse to any limitation on PCBs. But capital and
{ «tor in fisheries are specialized resources and not
;- tfe tly mobile. Shifts in resources will occur, but
ai; with a time lag and some reducticn in productiwity.
Fictise estanates of cost associated with limiting PCB
aesatrations in fish would require better data and
ware caveful analysis than we are able to pravide.
ite.eture, for purposes of this study, $6 million 1s
' (hon as &n upper-bound estimate of the economic cost to
comarvicial fisheries resulting from the FDA limit on PCB
Tevels in Fish,
{he eCOROmMic¢ impacrt can be translated into & crude
v 1.1:te of the cost-per-kqg of PCBs avoided in the hunan
b1ct au @ result of the regulation. 1f, as a first
1jp1ovimation, 1t is assumed that the averaqe landed
vre.. af PCB-contaminated fish s S0.44/kg, an S8
tmaid.on loss a1n landed vatue 15 equivalent to a
fode tion of 18.2 x 10 kg ip the catch. Since the FDA
jeup =al would lower the allowable PCB content from 5
Ve to 2 mGg/kg, we assume that the average
. ivsation in affrcted f1sh would be 3.5 mg/kg.
input to the

t*hi, 1he Limitatjon would reduce total PCh

. Yo% TIA Alnn w5t i-a

Lade

. 3 e 1T Troe-
L7 a4 landed vylee fro- Joaering the todagra- e
ST A L orifey would be $10 ~3tlion 3v g§:1-

+Tulaticns, the cost for avo:ding an aééxtxc-. 2% v

FCHS in the human dies would te $293,000/r<.

The FOAR lim tation applies oaly to fish eétgrnnq
interstace cemmerce, If individual s:ates also irrosed
effective limitations on PCB ~on ent of fish cai=ht a-d
consured by sportscten, the total cost of controiling *te
intake of PCBs f{rom fish would be Figher but na:
necessarily the cost-per-ix3.

The cost of regulatirg sports fisheries cculd *abe
two forms. If the reg.lation applied only to
consumption of fish and nat to the fishj-~1 =~ - »
itself. the utility ard value of tire spont fx:f;n%
would be reduced. Zven with no chenge ik tolal s
fishing activ:ty, this reduction in value wauld
constitute a rejulatory cost. Tc the exte-s t-as
recreational fishing activities w-re -od: d, therae

would te a furthar 0%, 2903l to their vajue per day
nultiplied by the: rurier of days of lost anti-gs-
Quantitative estimates of ta~ ragnitude of ﬁﬁ!;?‘??&iﬁ
sxe# not available. Tota! speading on socrts ‘ishin=
activitiesa (for such items a; food and lciving 2 rang

trips, 9car. boats, orF bait) 1s not a seisure cf -he
potent ial economlc cost of a sports fishirz ban,
reduced spend:ng on fishing probably uculd‘te o!ls
increasss in other categories of expenditure.
Prcductive resources would be rezllccated, and ¢
tesources were perfectly mobile, there would he n~ re:
Auss_xn tne output of the national eCCnInYy in 0092s ar-
services.

Cost-Effectiveness of Alternatives

The preccding sections provide ogtivasasg cl st
effcctivensas for threo dilforent catnung,cs of SR 2
policy, using Y1firront “nasures 0fF afface  nen . ,;a"
allowing for a rarking <f =otizns «i(hi1y ern ~ :~;(‘
Citcgory. The cost-efic iy eness ressure«c _-yu'+ -n .
uscfyl, however, . f they could be 15'e CU"?L‘S.:%“;n
1°r2%n catejories. If a kilo=rwm of Prfs e le -y
Tyt unreguyiated dysrucal Lere trartlens g
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wr sedinent, the cost #f r-iiveness ol rrasurses
‘ratroying FCBs and for dro23:n73 wo:ld be
. - surabje. If that assi~ptinon were tO hold, the

.» six EPA regulations foptions A *hrough F} in Table

{ . uld be more cost effective than any ol the
i .ny optioas. But if EPA were to approve all the
.oed regulations {options F thoush I, Table 2.1},
iiv .. sang those dealing with contaminated transformers
.+ J.e-casting fluids, removal of all Fudson River
L. st also would be economically justified. Dredging
Wi .ties wou.d produce equivalent results in terms of
“ 1 . .tro) at costs considerably beiow thcse expected
.1 (1l mos: expensive EPA ragulation.
nowever., the control of PCBs through dredging
. us may not be fully equlivalent to reqgulating PCS
B sto} disposal, The New York State Department of
\.. .. rsation estimates that abcut one-third of the mass
.1 v.tis in sediment in the Upper Hucson is subject to
¢i.ton by river currents {Hetling et al. 1978). Given
1115 irstimate and assuming that dredging could not be
- loctively applied to the mast mobile sediment
crataining PCBs, it would be necessary to remove perhaps
3 hj of sediment for an effect equivalent to Jdestroying
1 by f PCBs prasently in service. To make the costs of
1:uliing compacabie to values in Table 2.1, ircremental
mioa:ures of cost for complete dredging vould be

it 1¢v15ed by perhaps a factor of 3. Removal of rewnants
A1) hot spot dredging are more selective operaticns, and
i av.res of cost effectiveness for thesa options are
[« tably closely comparable to those for regulation of
u.e and disposal.

1o make the measures of cost-effectiveness for

Are lying and regulations of disposal comwensurable witn
the tocd tolerance proposals, it is necessary to
e:timate what Eraction of PCBs released to the
en/ironment would eventually accumulate in fish and
vivlifish destined for human consumption., The following
Jl-ulation was used to estimate this fractioa. In the
«t Lak=s, the total quantity of PCBs 1n sediment is
v the order ©f 3.% x 10* kg (Tabte t.]6; St. Lawrcnce
d oy uavae, upper towrd estamated. Fishing 7emoves about
27 x 19 k/yT (about 9.0 x 10’ kg contaminated at
typ1-al PCR levels of about 3 mg/kal. Assuming that
e tmyels wil! be maintained for 30 years before PCBs
ai- tnried of diusipated, ahont 8 x 10" ko of PCBs would
te ancorparated 1z ‘% a- ) consumel by hutans.  dencnt.
vlimenating 1 Ry ¢f PCfs {-om the haman da-t wou.d

[

e

On the basis of these admittedly rcugh zalcy
o

: raTiT s,
a Cnnservative esiimate )3 made thac 0,25 Fer Tt oald
PC8s released o the enviconnent ener “he - ;:'s-

figure was derived from 2ata on the Great La-es' 2
relatively -lose? sys*en; s:milar caleo=latin-; :u: H
HuZson River bHiota :ndicates ro.ihly .19 pe:cn:‘ 9:
PCBs released into the environment right en:er-;ée :

fHetling et al. 1978}). 1t ray bs expected that jr {*;
open areas, such as estuaries and oc=ans, a s~al er o
fraction of PCBs would enter the “urman diet. <h,s, :-m
MRRRNCES OF COst Pffnrsicenar frr tha Lol e o
r,qulltjnq PC3 use an! din!q:r2 can ta m;de Cu~ e . rate
with the FPA food tolerance proposals by ra:sir; ;F;: 51
400 or more. In o:her words, re~o2neng 1 ka trr: :~n. '
hunan di=t st & cost of 312%,0C0/%5 15 equi.alé-*\’;
Fenoving 460 kg or rore from the envirmnroa: a:'Q ;QS‘
Of $312/kg. (It shou'd br noted that this acds.is-.. -
implies “hat cthere are nc benofic:ial effects of ; rg
-1

and requlatlon otner than irpacis on tha hucan d-;:-l
On the basis of these ccrputations, either c; ;;e
FDA logd tolerances (2 m3/kg or 1 ny/k3) is rore F;;t
effective in Protecting humans against ezrosure"é bCSs
in the diet than the more costiy of the £pA p‘-n::e;
regulations for use and disposal. Ho.ovar, &;g :-c:
dredqging may be a preferred option bath bccacce ce
slightly lower estimated COBLB-per-k5 rer-ra? ér;>
because of the possibility of pre-aptiq~ ~-ta- Ao
in addition to those to human hea!tf . This 1; LOL ot
$ay that the FDA regulatisna shou'd ba a:::o:n‘“o: N
incinerating contaminated transforxe;s f!;;is T; - N
costly for policy consideratlon. Cost-q‘:nf-j
data do not corstitute an adequate blSls.fn;-:-
pol:cy decisions about conten! CP' tons. a!:ﬁ~;
canking 2! copticns by effecrivrine. 3 prr a3 1ac
ros0uree cormitted 15 passible, thege . Vg a1
=% how far out am! up aluny the yreopese gy oo - o
=2 should go. To maxe sack deterrinstians
Prter=ataen 55 needod on the Lemidge gl ctle-- g M
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e tyanq reloases af UC3s {Tarle 2.1} or of

| .. 1ng FCPs already releaveld {Table 2.2), ¥ajor
v 15 of benefits derives from ccntirol options

{..: rediced rists to humar health, enhanced

1 benefits to commerical and recreatiocnal fishing

-, .t1es, and reduction in pollution camage to the

,1 .ament. We are not able to make any quantitative

.wwnts of the last two categories, and esven a
.. ve estimate of benefits to human health is

.. inpiste and subject to uncertainty.

'

Many of the risks to human heslth resulting from PCB

L\ .1e ace perceived as subtle physicel and behavioral

s+, 5. Recently it has also been suggested that

, .ire to PCBs poses & threat of cancer to humans

. sty et al. 1978, Urabe 1977), Numerical estimates

. a-ailable for the latter type of risk only.
10c National Academy of Sciences' Safe Drinking
it (ommittee {National Research Council 1977}
Aed that the lifetime carcinogenic risk to a
.. o ingesting p micrograms of PCBs deily {in drinking

. .1 would be approximately 3 x 10* p, The estimate

.+ -iived by lincac extrapolation of results from &

11, vy for cagcinogenesis vsing rats exposed to

..l 1260 at 190 mg/kg in the diet. This estimate
s a high deqree of uncertainty, for three reesons.

i The est imate was derived by extrapolating over an
. uadly wide pange of exposures () orders of magnitude
i ¢ highly exposed persons};
. NO scaling factors were incorporated for
“4. .p.tation from potential risks of cancer for cats
wiv ne | t0o low doses to expected risks of cancer for
2. exposed to correspending levels of FCBs; and
3 The estimate wis derived only for pure grade
.o toe 1260, without detectable impurities:
cumsental residues of technical grade PCAs may be
e ur less hatardous. (See the discussion of PCB

cptiataes in Appendax 0.}

The daily :nqgestion ¢f p micrograms of PCBS would
. _ult an a lifetime intake of abou: 2.5 x 1¢° p
v i 1vacams.  Usina the above relationship be tween
. yusa1e and risk, the incrementyl cancer risk per
(e tram of IFCBs 15 approximately 1.2 x 10°%. If the
i .te visk relationthip LS assumed to be linear tat
1. ot the marqgin', *he es®:mste of .nd.vidual risk
.4 e extended 1o a population. Neither the

Poovmir v umn nt yToE res sen tre o et e e -

g Fos 5 - = ;¢
MR Lt A mre Le menngecs o . o
a e, fex geiitlenal sargar feve w3 ‘e )

sz3uls §from an incrercatel intake cf 2
hosnover thas intake may be A,strid,teq
popilation.

wWe assume that the econonic berefits o so-i=2y of
reducing a general risk of cancer range f:-20 $107,097 Lo
$1,000,000 per cancer cdeath avoided. {The basis for
this is discissed in Appendix €C.) Given *his
assumption, the benefi-s assigned t> the reduci:or of
PCB intake are in the cange of S12/7 to $129/9 (512 x
10'/kg to 5127 » 10¥/kg) .

To reduce human intake by I 3, a iarger guan* i1t of
PCBs must be remdoved from the envirorsent or u:t&heid
foom AloIRar . NS deacwdesd seure, Luuyiiuy #Uu S Or
more of PCBs must be withheld to reduce d:stacy intake
by 1 g. Thus, the narginal! banofits to be gain=! fron
remaving PCBs from the envirciment would be in the rare
of $)0/ka to $300/kq. '

In addition to the rajor qualificat:ons slate?l
above, scvera. uncertaintics about this =2stimaze skp)ld
b emphasized.

s The estimate refars only to carcirocer:c risks,
although other types of ritks o Fealsh 2rd othe- forms
of benefits may be motz irportant {sce Hjzard
Evaluation, Acpendix D for PCB toxic:ity).

+ The costs of PCB removal are ~c-jaced wi-*
putative benefits that night not be realized f5: 32 o
83 yzars. If it is considered aporoprista to Giscou-~t

hennfite monr ~arh JTaamtbhe maw.aBs F 4 o ~
L= A e & TR

the amourt discounted might be !n the crder 0F 1 *yv2-o¢
of 100 or morn,

. The assurption is wmade that PCAs relrssed t “tae
eaviroarent nov will continue to zcouiswlata [ fiqh r--
approximataly 10 years {(potential rrs;dvnce : s
in sedument; see Chapter LY. If hHyg o e bt
long, bennlits resulting {rom contcal o' tons wr.
cocrrespondingly overastimated, I t8n ege e 40 oy
short, the calculated tinclats wruly he 2
primacily by the discoant rate and rot Y parrs. ctence of
tre PCBs. ‘ 7

-
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ceno3e 530/kg to $1320/k 7 tanafits cera
. s =f Pras, it is nct pessible to state with
o pce that “hese costs are not much higher or much

Ve g
(tnsidering the areat yncertainties in these
Wtistes, health benefits of $30/kg to $300/kg of P(Bs
.\« 1 would economically justify only the least costly
1.~ l.<posal regulaticons on strict berefit-ccst grounds
Ii.e 2.1}. Tha FDA proposed food tolerance limit may
vie b= justified at this benefit level because the cost
1iv ived, adjusted (ot the ratio of environmental to
.c+ .y levels, is only $312/kg. If we recall that the
. 1,1 estimate is only for one category of health
1s and that it may underestimate expected benefits
-4 orders of magnitude, economic juatification for
iiv wrrying incremental costs of $30,000/kg may be
{+ .»itle on the basis of potential benefits. Several of
‘t. tin proposed regulations and the selective Hudson
i1ve ¢ dredging options also may be justified since their
.-t . lie wi*hin the estimated range of beanefits.
i w1, given the range of uncertalnty, we cannot rule
..1 1he possibility that costs may exceed benefits for
(11 ¢:-ntrol options considered. .
wtwn requlatory decisions such as those essessed
iv:e must be made in the face of substantial
coeitianty, the final choices involve value judgments
o v eplicit trade-offs by the responsible public
Lt.:1al2 (see NMational Research Councll 1975 for a more
+ suprehensive discuxsion of this point}. But one
wllitional set of calculations can be made in an effort
v 3 1liugtrate some of the value implications of

wlte native choices.
lu 1968 more than 1,000 people in Japan were exposed

t 5 hagn dietary levels of PCBs from the accidental
Otlamination of rice o1l 1n what has become known as
“tie. yusho incident. The average cumulative dose was
. .t imated to be 1 g/porsan. 1See Chapter ) for a
'+ ription of this incident.) The cost of preventing 1
v, of Jaetary intake (sufficient to prov:de a Yusho dose
L., 1,000 peopled by lowcring PCB limits in fish would be
1.4 ,600, or 5125 per person.

If this weze Juciard as a reasonable price for
(wwer=1ng the magnitude of effects observrd in the

‘o wactime, “he FOA policy as well as maintenance

t.ing and the o' her lower cont EPA control aptiuns
tim? of

‘¢ e eccnemical 1y gustified. But by thas

i aang, a0 Justifacatian far the haoihest coast DA

I. The PC3 levs.s chservod in *,s% wr_ld -~ pro M
the Yusho desze %o srall aumbters cf pecpie at ;rnrv -
typical levcls of fish cor;urptlcn.l Patter l%;;n-.-
numbers of people would receivs on.y | tc 2 ;er;;;' af
the Yusho dose. Thus, the above co~parison kcu:‘ ;- -
valid only if the dose-da~asge reiat:onship hern‘; near
throughout this range. . Lo

2.l7he Kanechlor involved in the Yushd incid<-t w=is
contaminated with urusually kich Jewels of N
polychlorodibe~zofurans;: these mav haun bren responsih:
IOF SOome purCion Or the ooSserved ;((ec:: an h;;‘;4' ©
(Miyats et al. 1977). o

J. Accumulation of the | g cose by the Yusho vict -
occurred over a shortec porio>d than would be ‘;91';1-1 f
:c:erton wvhorse diet coataired fish contammate.:j.u;tb *

s. ;

Tables 2.1 and 2.2 incicate h:g% aseraze or
incremental costs with sore cpt;oné for (“’OY“;‘ﬁ' F5
alreedy dischargod or capturing those c::gén'i}-:; -;:S
to_prevont thelr eventual dischargr to the ﬂ;u|r;;—; .
This raises the question of whether it r;;h; hx e ﬁn:‘A
less costly for society to have avzide? trese r';‘l-;:
by preventing the initial produzt,sn a-4 JSE’C;“";

The cost of suzh en injtial prospr-tie bon -;- .
neufured by the additional cost of achinving e 1 atant
FTILLTL PITISITSATL thiduyie deuaanar o -j:-‘ <
substituting other materiels. for thw;o—-:;fgrn~ d?;
redesign and substitutions ere no: feasnbgn ..;-:,;‘Vre
asscss cost fictors related to reduced proé;“ )
performansa ¢r the wzintenance o!f salety :n Casans
éccurn'.:,-!': 2s5iimete thosge cosis, bat --‘ c.-ln "k"' -2 .
illusirative calculatinn, e

The raznqge of the current €9+4* rut ryve for peo-n, -
the use of PCBs in truniformors an-! Capaciiors 1 S:.l ‘*
'ftllon to $32.58 miliica pir year flestin et ‘f_"ﬁ;);’

repro ve ot e
FETS NS primac; ! the £o875 0f sabitetut oro

. ..':l-‘l,s‘ recleagien g ) IS, oant antress. g ac '
T e T B O B TR AT ;3.'r'.n,'-:.
LR Y T 7Lt Incoall emes e ¢ --..

TOTR 6 4t e thls amn s Tr e |.'.‘~
It T Lnaing ta o wote Pa b ST
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L - 0 Latue of a taire st rean of rosty evaluarted,

. Tretacally, at the tare of the first introduction of
b ita cormercial use. if we assune nfinite time
ol 3 discount rate of 3 percent, the current value of

.4*s ty ban PC3s would have been $1.6 billion.
Caruiative production of PCSs has amounted to about 650
1L ky since }930 (vestin et al. 1978). Thus the cost
; 1 hiftugram of avoiding that production and its
..treuent damage ¢ the envicronment wou:d have been
ale:t S1/xg. This is at the low end of the range of
crnl pltectivensss measures.

e calculation suggests that prevention can be more
vst «tfective than control and cleaning up measures.
(ut tins should not be interpreted as justifying a
. i=iun not to have allowed PCB production to begin for
‘.. trasans. First, the costs of such a ban would have
v, Le ¢ mpared with its amticipated benefits. Second,
.t 1% uot appropriate to think of the choices as baing
J.mit-4 to the two alternatives of no production versus
yrady tion and use in the current pattecrns. Instead one
“ioaiid attempt to perform sepacate benefit-cost
¢+l .itations for each type of use. Use of PCBs in
C1o.sd systems with strict controls to prevent
9.4t ution of PCBs in the environment might be
l. ssible in benefit-cost terms, especially for those
+.#3 where PCBs are particularly valuable. As Table 2.1
44 uy, costs of collection and destructlon for closed
% 2tvn uses are relatively low., The high control costs
ai» m-vociated with recovery of those PCOs that have
ol aminated other materials or escaped to the
cRv L) aament .

UoNCLES TONS

1. Substantial differences exist in the costs of
~arinus options for the control of PC3s. Among the
21 -inatives analyzed--which included EPA proposed
y.oooulations on disposal and use. options for dredging
a1] drepesal ol contaminated river sediment, and FOA
iejlations limitina pepmiscible residues in fish
g 3 pned fOr human consumupition--averade costs variced
Ly s+ much as 9 orders of munnitude.

. Ex1s5%ting FLA reauiations on disposal and use are
Vi 4. Led to result an the control of 269 x 10¢ kg of
b, wath avetann costrs of o to SY1/49 of Fiks

craotled. Froposed £PA r-oubalt 75 would Increase tie

v e T

' o e ] - .
.o~ . cf the hpdscsy TLosr edypcatao o -
war1cus alternatl:ives for dredgaina secyment oo, A oo -

a total of about 178 x 10" k3 0f FCHs fr-m porer- st
mobile river sediment atl costs ranting ftom S T/h; o
$3,150/kq.

4. It is estirated that yp to 0.25 percent =
to*al PC8s relzased to the snvigonTert entec -6 Fl-e-
diet: thus at jeast 400 kg of PCEs would have L3 te
removed from the mobile environmen*a! rogery-:-
to achieve & reducticn of 1 kg of PC2s 10 fon .
figure (600 kg9) is derised using data fron the
Lakes, & closed system; it may be toz los fror
systems. TN lirfiv:ivisnrs 2o PIT onzentrsticn
commerciaily distributed {:izn coul2? reduce PCL Lapat 1o
tha Arerican diot by about 5% kg at a cost 3¢ !« g tran
$125.000/ka. (M reduction cf an adtitional 34 =; .ould
cost less than $29),C60/kq.)

5. Dastd on Lthe ficuces uzed in the anaf -5
report, FDA requlaticn of PC3 lirits in 21359 4 stg-ad
for human consumption »opnars a rore cosi-eflo - - o
method of controlline dietary inta%~ and huran ~eslth
effects than some of the most costly EPN prore o 2
regulations on use and disposal. Scw dredai-: options
may be preferable to either £PA or FDA r27ula* . <rs.

6. It is difficult to assess the barcfits of
controiling exposure to PCBs with Curreatiy e :.lz2ble
inforsation. The analysis in this r2por: esti-atas t-e
beneflts as $)0/kg to $100/kg of FC2s renove? f:rom the
environment or withheld fraon discharce, H:+ qntes tn:-
even these figures could be hioh cr low by & {»c2or o*
100 or more.

RECCMIIENDAT:ONS

1. Toticy makrrs «ho9alA 1me A labls data oo -y SRS
tla 1acreecaal or i rws 0o i et Le g s e
conductiag maeoTamc 3y et af

2. A uprater curtcol of B F Ve
furts shculll Be cancearrated o- ar-
LR O e L T e B i T SN

eeml e gl g fer o awaR e Lo . e P
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c+lvtery authority.  The analysis Tculd then show--as
. the analysis presenied in this report--that some
i+ s beyend a perticular agency's authority may be
: ~antially more cost effrctive than some that lie
“.itn the agency's jurisdictjon. A comprehersive,
¢ «1'inated goverament policy toward control of
> tiutants should reflect such findings.
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GUIDELINES FOR
EVALUATING THE
POTENTIAL TOXICITY
OF CHEMICALS

‘e passage of the Toxic Substances Control Act, a
~nec s ted effort was made by various governmental
o ‘s and nongovernmertal groups to develop testing

cashilines.  The guidelines describe the type of data

ctyrviied for an ageocy evaluation of the potential
»i.case effects resulting from the manufacture and use
1 .o« chemicals. The purpose of this chapter is to

drucamine whether the data required by the gquidelines

vie sutficient for and relevant to wmaking an adequate
rasrresment of potential hazards to human health and the

o rroament .

tiaft gquidelines were examined that had been
si-yated by three different sources: the Office of
b=~ aryde Programs IFIFAA, U.S. EPM 1978al}, the Office
+ ! luv.c Substances (TSCA, U'.S. EPA 1978b), and the
o atiom Founelatyon {1978). Uasic datas reguirements
cie consistent amonn these drafts; variations generally
1 -4 on the intended use of the chemical {e.g.,
yoniae s 1e versus comrercial chemicall., A summary 5§ the
aneental requirements was prepared, and PCB data
S ~npiled accord:mgly tAppendix D},
it evalaation was perlocied as though PCDs were new
. vabts. Thus, when the coquitements for pacticular

vareckar e .73 1T W3 e s,

7 {tu replac2 nataray -vnnd

€QUATE: Taken from Penning 117101

data depended on aaticipated exprsure or 1Use palerrs
le.g., terstocenic, reproduction, or sorme chroric
testing), decisions 8bout whether to inciude > .2 da'a
in the assessmen® were mnade based upon irforra.zn
regarding the original uses of PC3s {(Table 3.1, raiter
than upon our knowledje of the ultirais exp2s.re ard
environmental distributicn. By 1330 co-rerciel ?C6s3

B
- .

wera haae FAnridaend for ohen in pestass
such as varnishes and lacguers, in inves:
castings, and as h=at-transfer as nts ‘Praninc (730},
Testing was under way to determine suitabilat @ for otrer
uscs, suth as waterproofing, tert:le flare-reraridane,
and artificial leacthe:r fin:shing, but full-3=zal
expansion of PC3 use cid not occur until ruch Ia~er.

art dio-

GENERAL TESTING REQUIKRCALITS
TOXIC SUBSTAKCES

A comparison of the proposed EPA t2siing quit~lises was
made to identlfy those elcments corron ar-n: cralss.

Test protocols were similar for rcs:
TSCA guifelines followed FIFRA rejuirc=2nts -at-or

clczely. WA majee Aifferances hetlgen 1 g
involved the prescribed scquences of Fazard =.
test3 and criteria for the choice of part:ccl
Summaries of the guidelines dsta roquire~~nts
presented below followaed by comients of the Cu-nittee
wherever appropriate.

Product Idnatity_an? Cancloars 0fF Tnare! et Comple it
ation ©n thn co-rasonts of The (oot =
T red, 1t shontd 1a7lde, 2 "he spsa-t o s L
seor e, tmareddieats of manfact e ant taral |
©othat Taa rrancaably ke g len et
LI Fel-ieY Sk LA ER S 1Y ol FRRRR A



Pl

ite» chemical name frcm the Chemical Abstracts

e Y naves:

i« the Chemical Abstracts ICAS) registry number;

! the product name, trade name, and common name (if
cobviched):

4. the experimental or internal code number:

5. ihe molecular (empirical) formule and the weight
tle .olecular weight range for each ingredient; and

t. Ine structural formuls for each organic
e lient,

¢ ownittee's Comments: 1t is uncertsin whether a
t1iw order of presentetion will be established for
this ynformation. However, because many substances
tathartted for approval will be mixtures euch as

«#: 15, the following sequence may be wmost appropriate
t v identifying a product:

1 ine product name, trade name, and common name;
the erperimental or internal code number)
3. fur each ingredient:

.
the chemical name from the Chemical Abgtractsy

I «tex of Nomenclature:

» the Chemical Abstracts {(CAS) reqistry number;

- the molecular formula and structural formula
{far organic, organo-inorganic, and inorganic

Jwpiuunds whenever appropriate); and
+ the molecular weight or weight range.

woorplion_of Manufacturing Process Guidelines require
» application for approval of manufacture or new use,
n.tlh, include information regarding the basic

i facturing process as well as information on the
1w ton of the starting and intermediste materiais.

a1 o of Unintenticnal lrgredients An indication of
i ¢ner anintentional ingredients are formed is required
) »tih information on intantionally added
»-3¥ieats: identification of components that might
.ibiy be detected as present in amounts of 0.01
i+ ver or more of product weiqht are to be included.

¢ osotteels Comments: A variety of chemical
ol amanants 1s present 1n manufactured products in
vioouits less than 0.01 percent of product welight

voram e, AL ot Lo T
A cciii anofarary CCIIS0 regc -
Wt i il sargies 20 Toorermial PTT procla -5

s.t=tantially balew thas limit, and low-
cyposurces to CPfs have been reporind to produce
texic «ffects an anirals (Titko =t al. 1973, *.asbet
1776, Qishi and Hiraca 1978, Qish: et al. 1272,
I-ternatioral Agency for Research or Cancer/lARAC, in
press). Thus & listing of all ident.fiable
“"contaminants”™ or unintentionaliy added irjrediants
should be required Lo make possible a proger
evaluation of the potential toxicity af rew
ccnpounds. For those ingredjents know: to ba or
suspected of being hazar2sus, an exp=cted rarsi=um
limit within the product sh3uld ‘e state?, ave- :f
this limit is _ess than 109 uar/a of orodus: we:--~e

Declagration and Certification of IagreZient lLir:i*s
Estimates of upper aa?d lc-nr i17:ts should &
established for each ino:2lizrt as w2 1 as I5r any
impurities kao.-n tc be present. The [itmits shou.d te
presented as percentager of the toial procdu-r,

Comiittee's Commeris: In aZdition, 9u tles
shouid be established for irourities *hat ra; te
expected to arise during nornal use cf the prodic:
and under specified disposal conditions.

TABLE ).2 Amounts of Chlorodikenzoafurans
Detected in Commercial PC® Mixtures

vy/y
Aracler L2148 1.0
1254 1.7
1250 1.2

1014 nD tless than 1. 0D,
Chaphen A-%0 1.4
Phonoclor OP-6 1.4
Kanachlor Y07 1.9
400 l=.2
5Co .0
) L0
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1ne

vioiueal Methaods General roquiressnts 1n-iude
titiens of amalytical oethcds (of references to
‘ly recocnized analytical technigies in the
¢ Tiocd scientific literature) for detecting and
v eiing the concentration cf ingredients or
»':€5. The techniques should irclude extraction
viutes, confirmatory methods, and validation
' »wlu.es, including background (or blank) values and
' vs7iy values: and they should be capable cf detezting
¢t evanuring ingredients or impurities in quantities of
© )V iraent or more of total product weight.

i cortitise’s Comments: In additjon to methods for

H vicduct analysis, methods for detecting and
hiteimining ingredient or impucrity levels in
tivaisonmental media shouid be required for

tvr fquent use 1n monitoring programs. Detection
si0f weasuring capabilities must be in the range of
Y orroloqically gignificant guantities, Lf they are
teoovnn, rather than at a lamit of 0.0l percent of

i1 fact weight.

©

viowie el and Chemical Data
ta 3> required on the prysical and chemical
i+ toityrs of the technical grade of cach active
siote lient present in the froduct. These must include
. + i1 «ndor, melting point, solubility, stability,
t i water partition coefficient, physicai state,
‘v or specific gravity, boiling point, vapor
o, pil, storage stakbility, flammability, oxidizing
++ng action, explosiveness, miscibility,
e ly, COrros10n characteristics, and dielectric
t. v .wn voltage. The FL1FRA guidelines apparsntly
¢ tiiw data on all these properties for each new
vyt TSCA requiremrnts are more flexible,
ey on use of the chearcal, testing condition, and
-ut wf measucable parameters.

a0

. Conunitter’s Comrepts:  Regquired data should be

' telecant 1o asuessing the hazard potential of the
% cbetance. Tiwey shouid be [Tesentad for kaown
: i Fapaiaties as w2ll as avti1.¢ 1agredients., 1n the
: '\ et ol assessmeat of the caemcal's
. ttownental fate, the reractions of interest are
Tatne thal determune the stabality of a corpoan?

- e o - .
> Tooe H Lo

. PR T S b L I T |
Fomeraln, CF suapligt ).

Tre stebi ity assess-ont pay b gqual ta e,
Zised na a conpacison of physicat and cken -al
properties of the siostarce with those of otter
chemicals whose envaronmantal prozecties an? effects
are kncwn, or the analysis may be quantita’ive,
based on mcdels and Juantitative structure-activit:
relationships.

Mobility of the substan~e in the enviraorrani can
be judged nualitatively frcm its phys.cal
propert.es, such as water solubilaity, tcilair; 7 arc
Oof vapdr pressure, oT octandl/water partiticn

P LA L
TT.-ITLENY.

P S T

also, bas=d on physacal ard cvom OF°crtits ay

well as additional data, such as the vclatiliz=212n
rate corstant/re-asration rate coastant rat1o, a-~d

partition coefficinis Ior nataral sed:-toats (L ui-n
et al. 192727,

A variety of reacticns including o .t iirm,
reduction, hydrolysi s, elimination o s..s3titution
may affect the substai7e 1a the enviran” :nt. The

science of reactions and reytavities s sr:ld
largely in the empirical stage, Sut 1t i ge-er-ally
possible to predict apprcpriate pithaas by
considering functional grou:s present in the
molecule. When reaction raies ha.e been neas ired
fcr suitable mydel compounds, corralat:ions of
reactivity based cn electroniz and steric facii -y
c3i ba wozl T $El.eder S@eLLaviog VALUZS. Alin L gh
physical -organic chemistry provicas cols for —eej
predictions, more data on mode! co-;-ndi ar reeloed
to incr<oaz: the reliability =% thn 17109805

A myre cormplex situationh ¢ocurs .t h

photochrmizr]l [eacti1073%. Here ajvis, o ‘ s
can genecrilly predict fron tre Daani,n=a.

present- in oy malezale and oo the ooyagt 0 o
ulitraviol?l spoctren Jhith as 0 noralkly 1
predictable from e STFuTh oresd, o arotoer bR
rolacule will absarl :rr1a7 b I A
Fhototoacty, ., un e | :

cr Yictice Coewiet oo a3l

s - CUSE L FE AT f TS e gy

Stedt —stesgle, sRoge o Lttt

R TR SN T I I L




i the various teaction channels. nORFeAS TAany

i+ rachemical reactions have quantun vields less
tuia unity land most are accorparied by considerable
e-u:1qy wastage, so that a large fractiom of the

1. nt absorbed is simply degraded to thermal
curigyl, there are some that produce free radicals
a1V may thus involve light-induced chain reactions,
Civin lengths in suca reactions are complicated
twictions of initiation, propagation, and
terination rates and tharefora, are not predictabla
«. . any degree of confidanca in uncontrolled
en.ironments. For thase raasons it ganarally will
t~ necessary to do axperimental work on tha
awsessment of persistanca and the hazards posed by
Lew chemicals in tha anvironment.

e b ctuaental Data

1. pioposed guidelines require a variety of data with

‘hi-t to evaluate the potentisl environmental fate of »
..+ «1emical, Both FIFRA ard TSCA require the tyges of
¢.:1. described below; differences betwean the proposed
yialriines are noted vherever appropriata.

‘e wical Degradation Degradation studias ara required
| . 1eiecmine the rate of decomposition and to identify
1.wi al residues that mey adversely affect nontargat
, .inisms. Oxidation and hydrolysis tests noting pH-
i tempersture-dependent properties must be made in
{ i1, a..]l and aguatic environments, The TS5LA
' ‘L‘.ﬂménts speci'y that only acid- or balcfcctaly:?d
.. a2 .s+.ns need to bs considered. Atmospheric oxidation
(ov:, are to be performed only on organic ctenicals with
.« 4 pressures greater than 10 wm Hg at 3ec.
.daiion tests in agqueous sclutions are required for
ive soluble chemicals (solubility > 1 mg/1 at 20C) .
Fieitolysis should indicate intensity and wavelength
{ ¢.distion. Data must include a material balance,
i 1t life estimate, and the i1dentification of each
Lot prostuct present in amounts greater than 10 p.rgent
t the product weight. TSCA exempts from photochgmncal
i« ,aalition testing those chemicals that have extinction
. fticsents of less than 0.1 M'cm! at wavelengths
sster than 190 am.

B LTI . o

ct . ¢ the rra-,-a . - 4

A bl * .

I Sata o ni3rclysas, owxiriataon,
sreiLzracn, and photolagcadation should be gresented
as apglicable. Coalitative predictions af putential
docrsdation and toxicity of nes chemi~tals are
possible through (1} identification of functicnal
grocups in the molecule. (2) xncwledjze of general
degradation processes, and (3} towic properties of
similar chamicels. The confidence of such
predictions will imptova with & better data base.
However, slthough they will prove valuable 1in
determining priorities in the sequance of toxicity
tests, the pradictiors cannot replace tha
toxicological tests themselves.

Thr fito ol Uls coewmatdl uUNOeIrgolng reacticor
also must be considered. The eavironmental probiem
does not end when the chemical itself 15
transformed, unless it is cospletely mireralized or
convarted to species availabie for norral Lialagical
utilization. Transformation products nay be mZre
persistant and smore hazardous than the parent
compound, and thus must be dealt with in any
analysis.

Piodegradatjon Microbial setabol:ic transfar=at.on nay
be ths major route of degradaticn in soils and :n the
aquatlic anvironrant., Transformation data must de
obtained under aerobic and snaerobic cinditions in bolh
soil and water. Information regard:ng the cheny-al ‘s
affect on microorganism development (bacter.a, algae,
diatoma, €Ly .} iw requirad. Data concerning tre
discuption of such activities as callulose
decomposition, nitrogen fixatlom, sulfur transformataion,
and CO, effjux are particularly important. In atd:tion
an assessmert of potential discuption cf wastevater
treatment systems must be made.

Cormittra‘ts Comronts: Microbial Awqgracation s
probably tha smajor chrni-al transfocrstion toate 1n
s0ils and aquatic sodinent. In ad2i1tion tc tre
required data, estimstes should be madn of tre
biodcqradability 1rdex {(baologicil oy jen &o—gnd |5
dryst/chenical oxyqgen doaand = BID,/C00) s}

coTmpatiiuiaty with bolvgical write treat-en: 1310,
* 50 gorcent anhabation cf acecivated slcdger ur g
LS aurob.r ard ancterchc conditaons . L- tha et
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“~ty,lies of bivdegradation intermwed.ates should be
o y1ired for compounds with 3 jow biodegradability

1112 or a low compatibility with waste treatment,
o buth.

iilriy Fovement of a product through the environment
vanse contamination of food webs, l10ss of usable
1 snd water resources, pnd loss of wildlife habitats;
.. v 1eqauirements include informstion on leaching,
tacclecy, adsorpt ion/desorptlon, and water-dispersal
yrities.

i umulation Data must indicate the extent of
wrslation and potential adverse effects on nontarget
,=itsns lin particular, agricultural systems and
t. b, Hesidue levels and rate of uptake in plants must
1 deteirined according to the TSCA guidelines. Fish
‘. 1rcamulation studies should use flow-through ard
1 systems with sunfish and catfish as the FIFRA
oo wa anled test species. TSCA requirements specify
‘i1t taish bioaccumuiation should be assessed when
ool water partition coefficients are greater than
) ) when solubility in water is lesa than .9 x
i M 1 20C and degradation data indicate
.- si1sirnce. Minnows and sunfish are preferred species
. %, TSCA guidelines.

voawittee'y Comments: At least two accounts of
telsvionships betseen octanol/water partition
vefficient and solubility in water have been
j-ilished. The relationships derived by Chiu et al.
T1317) and Moriguchi et al. {(1976) give solubilities
ot 0.966 x 10° M and 0.621 x 10* M, respectively,
1... a partition coefficient of 1.000. Tha

4 dl.ubalities correspond Lo an accumilation
toerricient of 80 to L00 (Chiu et al. 1977). The

5 1idelines covid be modified to reguire

i swcumslation tests with fish only for those
com;ounds with a partition coefficient of 10,000,
-wiresponding to a solubility of 0.02 x 10 M to

# -1 x LO* M, and an accumulation coeflicient of
3l 500,

-2 reprned TostiuT Leoels for bHagzs-d
L -
. d Trets bza=i i Tas+s Lenl B§7 Tre-y
A, ACutEe Tumicity A, CrrDhsc Toxicety A L3V wnrs,

Siculation

8. Short-term 8. Reproductive B. Mstatwol.c Tes's
Screcning Tescs

C. Environmental C. Binascc,iTuiation C. wang-tom Chr-r o
Chemistry Tearczincical Tests

Ha 4 sment

The FIFRA prcoosed suidelinet of ' -n 1073 "o .
hierarchical tes-ing schore for hazatd asses;~sot.
Table 1.) summarizes the ant:cipated roverent thraugh
the various tests. Tha =stant to which alvancazent
through the hierarchy is r2juired wou'!d depornd on two
factors:

+ results from tests in the previous leval fe.a., f
there (s acute toxicity, proceed to level il; :f ther=
ia no acute toxicity, no further testing will be
tequired unless environmental chemistry suggests
persistence, in which case reproductive tests should be
performed}: and

+ anticipated use patterns (e.9., 1f use doss no:
indicate repested human exposure, tests are not re-sires
for long-term tokicity, teratogenicity, or reprcductive
impsirment).

The gquidelines drafted under TSCA offer a btasis for
assessing potential rlsk associated «i1th anticiopateld use
of rew cremicals. TSCA proposed recomwendatiors co ot
include a rigid testing sequence. Manufy-ture:s are
given the respunsibility for determini~g which tests
should bte perforied to dr-elop the exsontin] "wfn--q.
data™ with which scientifacylly sonrd agiesnents of
i3k may be made. Two s-%3 ©f studics are & ,or.het:
reference studies and hazard
Prference studies are Gugj <

“alwat ton stutias,

4 for ail res cr-aicala

uriiess the manufuctiurer caa «row thit scve aga rat

relevant to a particular suuitance le g., cho -(cat
creadistes and substan - that are peoduced -] v

fTTats by in closel spesema The: T&fager, o
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. arnte toxicity studaes,
- rabchroniec toxicaty studies.
. ivproduction studaies,
.~1atogenic studies,
rotagenic studies, and
1ort-term predictive oncogenic studies.

h irity tests. Oreft guidelines recommand these

.i1% evaluation studies include chronic toxicity and

. ta from reference studies ere not edequate to

4at potential toxicity of the new chemical, or when
_z1.e hazard evaluation is considered essential.
e difference betwesn FIFAA end TSCA proposed

-, 1icments can be summarized es follows:

. rIFAA establishes a set sejuence of tests with

{1 4ue: points for movement through the sequence:

. 15CA allows the manufacturer to determine the

vieat and sequence of testing deemed necessery for

junt.tically sound hazard evaluation; exemptions or
fopaitures from recommended tasts may be permitted if
_lijuate justification can be provided. .
.uweial descriptions of the tests specified in both
1 lines are presented in Table }.4.
Tests within the FIFRA scheme proceed from basic
. v.aatory tests to applied field tests. Beyoond tests
te toxicity, wildlife data are required only when
, -ttr.ns of use suggest exposure in the habitat. When
. ce pitterns indicate no anticipated exposure or a
vninia) level of risk, data from chronic tests are not

oy aiied. ) .
ks with the hazard evaluation tests for wildlife

.. .vure risk, the data required for assessing risk to
|~Lu>:zc animals and humans also would depend largely
L1 us anticipated use patteras and results of acute
13ty tests. )

1w addition to the FIFRA tests for animal toxicity
si.ation, TSCA requires assessments of effects on
s, both monocotyledons and dicotyledons. The
wended tests determine effects on plant growth and
,ermination. The TSCA quidelines concentrate
1. efforts on assessmeat of risk to human health
.y 3., not consider risk to domestic or commercial

-
1
s
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1. Physical ard cheri-al PrCpeslics apparently
are not used o detersine the APPIIPrizte tes:ng
route for each chexical excrpt far deciding _Netkrer
reproductive toxicity tests stould te ferfor-ogd; axd

2. Use patterns combined only with results pf
Acute toxicity tests are inadequate mesrs for
selecting further appropriate tests of rna
ghe-icall. For example, in this evaluation forrat
chronic data are required for human health
essessment only if use patterns suqggest repnated
SXpOSUre over a significsnt vortion nf thka h e an
lifespan and acute toxicity results are posity re,
similariy, teratcgenic:ity and reproducti e sted.es
are necessary only if significant erposure to huians
is expected. The prablers associated with these tuo
points are digcussed in the following pages vys;ac
PCBs as the test case. )

The rclatjive flezibility of the TSCa Guilelines
reflects the fact that ro single, rigid test.rg
scheme is suitable for the evaluation of a:|
chemicals. 1In the opinion of thys Czntmiitne, the
flexibility is good. Hovever, the dec:sion tc allow
exemptions from the test requirerents o: to rejigrce
additional testing should not be left to an
individual but should be maje by a group of eroaer-s
with backqrounds in chemistry, tax:cology, ecoio;“
and agriculture. ) .

ASSESSMENT OF PCB HAZARD

An analysis of PCB data {Appandix D) cc-piled fnll-

“he criteria of FIFRA and T53CA Propa-~4 ¢ur2dnlice e
lrais o the conclusion tna- pons as. F~t..%"n1 ’-".
it Likely to accumulate, PCCa do not A A
F r~icularly toxic for shoret torn ®UFO s, cut 00 g
*Tosibect to intmrprotarian LEer E ) T A I

! on aatae:pated patteras ot usn (Tat e ) gy, -

* Prrt PCE dintriburton gn the orer REEECY SRR B

fa ¥ T30 Matan: throuah use of
BEER Y o N N S P
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TABLE 3.4

FIFRA and T5CA Data Requirements for Product llazard

gvaluation (Spp - species!

Choma L te aL wee Must il WILOLIPK »
tagia rirsa

| S PPy
ania. wemmwi. 14FR

"4 = Lrup andR
M i e

IR IR I
seaize 1faset ae

Ll Cagre  taen
TLETRE smp Sy uiiy
LEBsn salny $L
T

THEOR(™S JBahaly 404
et #Lvao

Sha geuei L)
' LT R T R Y TE T

criene rrace

Catieria

. LT 1

R TN T

TR 1
1

Lidus ¢ demiip

Wiy 1001 gn) welds
Candacr cglomm cm “1i et
Wy

IR
LI TN e 3L o

£y el rhwmy -
Al L e
adu palier+ DapRel

10 cemayurisraes |
isdir e »

1oV FreeeeL

Fiwooems 1l
e

o A iafaet 140
Rl e dorud dm cong: iy
A LIT])

Physical, sremLEsl aad
arv. e cens Al deta 1cdis

Ly il!i z
TRIITTIT N

7 "
e of Ty
fSLEe Tium seifRrem
tie .

|
!
| A e g
|
:

Ly - ewesi dumrare

iy -

Hv

bt PO jund

e Ramps BEeish [Lisgss

wr oW S aemCead by
awsne

Sibdare mal Biaaate
R AL11 RS Ttem Teed
JUART VS mwavuapl ) e

» ity ¥ Earaiad
AvsAomE ol ir Feienis
a1 Slavarees

ol an v
tara

.. -
witns « csGRIES

[T

‘ RN eoir LICIWRL 1€ PgLEL i
wt
Lnet anaulate:
IPRTIF T H Tawes far dcwes TE sevie ¢ soptadwttave
b ——— P TeY L TR PR T TR )
o aps L siterss
tuatbd Wi ure
SrIinmys uig @
w etvindoral
i e
st atinsal e snehim sLALTN)
rirea aes
Tealn Tos
. Matutssar Sus
LRI IT AT TY r 1 obd WRsiatan BNt od PAr 1) s remr bany 010 riren
j LeadRs - MR rondia. ertnieas 'pwale)
4 dmrLaliny. 17w e
' WA 1a. b 4mimohe e
mimey il dies v
tomnia
1 M iuiced far 411 new ‘amm ieane ae PAFa

Brisyed w0 WRIBaLe
R 18R] pered
- ..
el they

Leryiens. fa

ey

sl tru'ive -
LI DT L]

LR

aariny

Lhbet pil mew
’

1458 11 usm ynnderve
d1Casé ruew 0 8] Ramgh
e P fa rayeried

B li1ad ) et
E3on empl b b
LTI )
e
Hestri-a

s
e

SO creniom tind 1o S0lerencs T

samp 40 YT W

IR LT
Wi e bmw se
1itea

Jewb wa il oA

#ar o premealsd om Bed

T IR LI
. . b

MSeTmeEtEd 1F1 1) vy
ERORIPINE 1481 HEjuits
TACA meLilicanien

cenaraded tor al) e
crdmiTaie ararer
Teuh it Tiegie

THCA nmb

Gecommenien T k1 cw
oo .

-mre Taaty

LRV |

yit



[

J16

- R T - N - . - :

S oyn: Ygh a5 pattegns a3 a- it fiT:t _noof
rozususe.  ire T3IA reguiresnts call for
~--n extans.va tes5ting {1.e., reproductisn, subsarcorn:ic,
elz.) withou: consideration of use patterns or results
i of other tes:s.

ey

resagaln ENST (ORErFE

TECA mendrans rim

Wy tade 13 the

FIERA Testing Regults

Subih SHPEE AT bE 4laEl

ana ot b
BEgwh d4fCimmgn

eounmpednd L) prodecicd

Snemimus jod I préduitad

TICA amnidisatim
aticecs Sanmn W 8
antigredtes

Aacammpagey (47 Lo
mteronee

The conclusion reached regarding the potential hazard
posed to the envircnment by PCBs basc? on FIFRA
regquirements is questionable. Acute toxicity is
observed only for some agoatic invertektrates, but these
species e:e not required test animals in the FIIPA
quidelines. Based on anticipated use patterns, tke
expacted human and environmental erxgosurs to the
chamical would be primatily frcx protectivse coat:ngs.
B Some risk would be articipated in occupational
B situations, but these e pirsures could be carnfully
controlled. 1f the anticipated use had been l:mit=1 to
hcat-exchanqers and closed elactrical egquigrent, tha
testing data might not have saqggasted portent.al tazard
to human health or the environment, [3 such a case PCBs
R might have "passed™ the toxic substance evalua*ica. The
: aggregate deta presented i Appandix D ard the ":«a!
world” ewperience of more than 40 yz2ars of use of th.s
chemical indicete widespreed environnontal ergosure ani
possible serious heelth problems. The discrepant; s
due to the fect thet the current FIFARA protocols for
hezard eveluation relate the degrae of required testins

paisem 3

1

micapeted

bargvemia wut
L
teavy we FiTRS
- an the

At resnmmpaded Wike Ing dmEmELIRLEE W

COERS D ity anad éhramic

Nehm 4 F1PRa

Sema d¢ FiFAS

oy ¢y B TEY

it AIPRELIE T
amhs |y 2h MY
PN Y I T

P
-

Lhe JRedsdal ¢
ot

H
3
:
X
;

Py
L D i ol

earrie. paws.

Mogvired ! g

urs A8

af
Arumes wb,
.
e
ey

LU glupused usua. JTim FUB ¢eXPerLEence prov:3e3 & 1sefll
test of the approprieteness of relacing tes:
requirements to projections of chamical uses.

The question of shsther projscted use pattarns
an adequate indication of snviroamenta)l erfp-suce
compler. The use patterns anticipated prior t2
manufactuzey clearly do not give an adequate l-press <n
3 of the hazarrds associated with a<cid:ntaj reiraese
b environment durirng manufacture and wse, or 0f “kn
§ riternded problems of ensironmenta) reicaie from di.frsal
7 "t equigment contasn:ing PCBs. The erpanled uins of

fter 1020, i1llustrated in Tatie ).%
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ranzhers bagan noticing reproductave corglications 101
excessive Xit mocrtality arong theigr s*oce
problem was evident by 1967, rezalting - an
unprecedented 80 percent increas? 1n rewtarn cortality,
Sutsequent investigation indicated a sircne relat:onthap
between kit mortality ard the percent 32 of coho sal-or
in the mother's diet, as wvell as the curation cf (<eding
with & salmon diet. Factors such as rancidit,
pesticide contaninatior ard mércury poisoning were
susoected but wers cho » -2y 13 Zonloslute to the
problem.

Experimerts with the mink diet were co-ducted, ard
the resulta indicated that diets of 10 percent saison
produced the reproductive problems. Further
investigation ruled out salrmon per se as the cause,
because other spacies of Great Lakes fish caused similar
adverae effects. Th= following evidence stronjly
implicsted PCP3s as the cacvsative factor:

Ar AT itwe

« high PCB reaidue levzls of Lake M.chigzn roko
salmon;

+» sensitivity of mink to PCBs;

+ similarity of reproductive complications
wmink fed coho salmon and those fcd diets
contaminsted with PCBa;

in

cbserved in mink that died while on 2iets coataining
coho salmon and diets containing PCPs: and
« acomulation of PCB residues 'n micy

tesn_e.
Rige Qi _Contamiration in_Japan (Kuratsine ey al. 1772,
Horld Wealth Qraanization 1976) 1n June 1968, Japs se
patients suffering from chloracn® bejan appsar.iq 211 thae

¥yshu Unaversity ltogpital. Cy Octabor af 'k yenr tan
dircase was of epidenic proportions, 1nvalving moc=2 thaa
1.200 people in 21 prefsctiy2s in thoe westarn cectio- of
IPaa, The exposure factor COTmon o thers patients .as
Tnatption of rice oyl producd in Fabruary, 1968
crtacartion of the manafaciufang procogs pteptat | o
o .a v hat wrchaaqger, which

resulted yn ol

v with Yanvotlior 400, a 44 ;erecont
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potwsen February and March of 1968, a disease
.:;ed 1n chickens in the same section of Japan.

1.

ti;
\rtijations revealed tha

120

i v el biphenyl. in additicn to s 7 ptuns

L+t with chioracne, climical siges included a
L werum transaminases and alkaline phosphatase,

.. ..ty syoptoms and chronic pronchitis-like

swy . decrease ia conduction velocity in peripheral

Ly uerces, diminished growth in yaung males, and

are )l skin on newborns.

sy, 100 animals died. Clinical signs included
.. .5 nseathing, droopiness, and decreased egg
tvon. Autopsy indicated subcutanaocus edema,

.pe~ticardivm, ascites, pulmonary edema, muscular

515, and a mottled appearance of the liver.

t the chicken fesd had been
., sted with the rice oil contaminstad with Kanechlor
tuisequent study of the Kanechlor indicated large

i+ of chlotrodibenzofurany presant. The antant of
ramical's involvement in the Yusho Symptoma ia not
vy reaolved.

N

]

.1. 1278) MResidents of @loomington, Indfano.
tsing sewage sludge in tfertilizing their gardens
! ii}h concentrations of PCBs were reported in the
1~ 1. 1976.  An investigation to locate the source

\+s had mean PCB levels of 47% mg/kg and :anploa of
¢ eated with the sludge had mean ccncentrations of

il

) "
‘niugton residents who had vsed the PCB-Conlenfnnlfd
y,» for tertilizer. Serum PCB levels, altecation in

si1lular function, and plasma triglycecride levels

Voo

Ve

(led that a local electrical firm was using PCBa aa

had

~lectric in capacitors. The company had been
154k Jing wastes Comtaminated with PCBs into the
(1)l sewage system. By January 1976, sludge

oo kg

Mesith olficials conducted clinical eva!uations on
v:s in the electrical firm, their families, and

ovamined, Although wean sefum levels were

t.vely high compared to u.s. populntign qroups
hats 72 mg/kg; (amilies )4 mg/kg: residents 1%

'

Lg: U.S, population 5 mg to 20 my/kg) no correlation

V1 1o detected between the serum levels and the

.4 uf years using sludge, total pounds used, or tim?

w tre last use. Serum levels of selected liver

k . inrreased significaatly with PCB levels
i plasma traglyceride levels.

in reI

More

4+ Siudqe Problew in Bloomington, lodians McCloskey

. - mel Flettrat biapta on o les otk
1o rreri; Toe wuiszn Piver had Laen
atnd betenen 1942 to ke 21 13308 by PCY
~t3, a0t lrom General Electrac manufacturing plants at
fers E-4aard and Wudson Falis, averaging aboaut 14 kg ;o 2r
4=y. The long-term Contamination has polluted vartcally
the entire river bed for many miles downstream. Bcttom
sedirent below Fort Edward reportly contains 5S40 u:/r 7y
to 2,980 ug/kg. The average contentrat:on of 2Cas :n
bass, perch, and sucker is 62 m3g/kg to 135 mg/vg.

B

Contamination of Figh freal At a Palstcn Turiny Plan-
(Jegosloveky 1978) 1In 1977, a poultry firm began
noticing high chemical levels in tissue semples taken
from their chickens. The fe=d supplier was asked to
help in plnpointing +Fke cacge -2 b SSlpral was fourd
to be fish mcal contaminated by PCB3 that had been uzed
in formulating the cricken feed.

The fish meal had becn prepared and stored in Puzrtc
Rico at a Ralston Purina plant warchouse wvhere tuon
electrical transformers containing PCBs we:re stored
also. Contamination of the mcai occurred duriag a (.le
in April 1977, which damaged the electrical equigrer:
and aliowed PCBs to .eusk out. “ater from [jre hcses
evidently mixed with the PCP fluid and scaked 1nto tre
atored fish meal. The contomination was not d=tected
and the fish meal was subsequently sold. As a
consequence, 400,000 chickens and 15,000 dozen ¢qggs vere
destroyed. Some of tha contaminated feed did notr
actuaily contain the PCP fisk meal., but “he feed had
been processed with tha same machinery 4as the fish m=al.

It is Clear from these iilustraticns that z:a :<ted
patterns of use may not provide an adequate :iniicatinn
of the eventusl distribution of PCBs in the cnvircnesat
or the extent of the hazard this distritution can goie.
These incidonts were the result of manufactir:rg an!
disposal procedures--factors not consider:d in proposing
guidelines for testing new chewicals.

Toxnic effects of PCOS in workers expo-4 .n thke.r
accupations were noted as carly as 1737 an? Sttt hayse
‘eon anticipated even =arlier {rom the afticrs of
“rderinated paphthaienes cetectnd during world Lar !

Tenkn 1949).  #ad the zwarcress ~f tozyc crerical:
Toraa oas widespread as 1! an o curgentls, the «

Tt sua Rpre bean Tore thant sufficaent to ha

Tt re msfacture anl o u e of PODS oo, at leat
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.« dcemanded detailed test.ny that would have
«+1 1 the chemical's chroric and more subtle toxic

vy 114l and chemical propetrties of PCHs indicate the
©. Jray of these compounds to persist as well as their
Ui .accumulation potential. The data compiled
o1 1) the Reference Set requirements and the
, -4 use of PCBs in protective coatings, which wouid
41t 1n some exposure of humans, justify the
. i +nent for Hazard Evalusticn Studies. These
i .tie: probably would detect at least soms of the toxic
.:° t. uf PCBs. However, it should be noted that most
.t +.t . hronic tests proposed to assess human health
Ui w1 1s tequire use of species {rodent plus one other
n.ad) that would not adequately reflect the human
¢ 1 - response to PCB exposure. The common laboratory
(-4l smals {rats and dogs) do not always respond to
S saposure in the same manner as husans, and Table 1.6
o *t5 that no one species exhibits “typical”™ human
i, tuns of PCB poisoning except in the case of
provtuctive tests. Thus proper choice of the test
... .5 becomes important when evaluating the potential
vaacd ol any substance.,
rithough PCBs have bcen detected in the U.S. human
yolation [Kutz and Strassman 1973, Humphrey 1927),
\« s have been no documented cases of PCO intoxication
! 1.mans other than those related to industrial
., isure. Effects, when detectable, have been subtle
. er than overt., For the most part, the proposed sets
't (¢sis for FITRA and TSCA sre designed to detect only
.. . imtomication. Subtle effects are not considered
.t +i! in the scheme proposed for 7S5CA and only
Le: slLerally in those drafted by FIFRA.

i1 ottt NDATIONS

. 1t.ps the two most amportant properties of a chemical
il selate Lo polential haiirds to kealth and the
Jroeaent are 1ts persasroence and lipophilicaty.
.1 scores” am those testy rhar adectoly these
v s should alr e of€aciais to the tnevitibelaTy
At amanation snd health pacbloms.
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thror:c Fecedazj;

Aqustic Spacies Threskold eflestas gm ro g b oo
sbhrbaty 22 ~mpaehoiss o0y oy -

veitohrates % Lol o 2-5% _31s0

Eryo touicity evidcat at 30 .31
Terrestcial Spacies Mmouse - some liver chavge s:i-h
®xfosure 0 hich chlarine cn- -
tainihg procucts, I09-5G2 3/q

Rat - 30%e Liver chanies, *i- "4
reproductive effects. 102-307 .y/q

Mankey - Yusho syrprori, altescd
renroduct inn ~yclea, b norplascac
Qastratys and yizeration, 2.%-% ,3.g

Chicren - mome rorphaiogic delor-.t .
reprod.ction decling, subswtanos g
cdea, 20-%0 /g

Mink - dose retponsc relatioasSi; n
3fosth and reproduction, 1) u3'g

Pelican - sore hepatocellular
charges, 100 ug

Doas - reduced grovwth, some liver
changes, 106 o9

Nlld!oul_- some reproduction (harzes,
varies wvith species, 30-260 uq.q

Teratogenicity Effects sean 1n avian species,

30-200 .9/9
H-Itat_-nniri':- Fhrrqnen=pl cbr-ce .t .
resuits e Tmateen

Dominant letral mutar:~ns - argar,ve
rasuite

Amas test - 1221, 4 chyin, A,
significantly vytaniag - '

HiGh chlor _pat? » -rq - tq - -
LR R L I S R LA R,
XL e TRE LI SRR TP '

Oncagenicyty
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wiv ..} ba enphasized, however, that <vidence of
i ,rrsistence or nonlipophilicity does not suggest lack
1 Liarard potential,

{ iysical, chemical, and environmental chemistry data

st nabficient to determine persistence and lipophilic
jro,+ities of chemicals and can be used to predicaste
it ntial bicaccumulation and environmental

.:11bution. Therefore, the Committee recommends a
w.odt.tiered evaluation acheme sa illustrated in Figure
1}, This scheme requires first)

. chemical identification of the parent compound,
i furities, metabolites, and degrsdation products:

. determination of phyeical and chemical properties;
!

+ assessment of environsenta) and bioscreeaning
inrtoat-term toxicity) test results for parent compouad
=iul metabolites,

21y this point, if the data indicate that the chemical is
Liahly persistent or lipophilic, or both, its
v wslopment for lLerge-scale use should be acrutinized
v uelfully and possible alternatives considered. On the
1245 of the scrutiny, the chenical may be either
e e ted or subjected to additionasl testing. If the
ety indicate that the chemical is not highly persiatent
ur ti1pophilic but there are indications of potential
1ics1ds, the chemical should be subjected to additional
iesting, If there are no indications of potential
Latards, the chemical may be approved for manufacture
a1l use,

Additional assessment of hazard potential for all
sugpect substances should include:

- deve lJopment of a mass balance model of the
otential movement of the substance through the
#: jronent using data rcgarding physical and chemical
{t prities and anticipated source function parameters;

. identificat;on of "problem areas™ or sites of
rotential chomical accumulation {e.g9., agricultural
tants, urban arcas, marine or freshwater sources, or
< wbanations of these);

. specilication of testd to assess toxic effects
. han the “problem areas.”

fv ¢ quidelines should be lormulated specifying
i1jvsentative speciles for cach environmental medium anrd
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i .1y such an arproach, industry could conTentrat=
i .(1ng efforts on ident 1l ina efiects in spezif.z
-1eas. For exampie, if the model predicts praimary
. 21 accumulatiorn in the sedineat of rivers aid
tire mapufacturer could concentréte on assessment
.« ..115 vithin these systems, using quick screening
i 1.{ other media when results indicated possible
Monitoring after a
1.1 1S been marketed should be required to keep
wsty, and government alert to unexpected
woiisi1ons, and additional tests and the

.. aentation of appropriate contro)l measures could be

Ir1 as necessary.
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~ABLE A.l Areas, Volumes, and Miscellancous Quantities
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APPELDIX B

COMPUTATION OF INCREMENTAL
COSTS PER XILOGRAM
CONTFOLLED FOR EZISTING
AND PROPOSED

EPA RECULATIGNS

Thie Appendix provides computations fcr each cf the
average cost figurea of Table 2.1. The acurces for the
data are Versar, Inc. (1977), Weatin et al. (1978), ani
Steven Malkenson, Office of Plannlng and Hanagement,
U.S. Environmental Protection Agency.

B Resie and tesinarats qekiTi! Tlods

Transformers.

Lewt BCH

Each transforrer contains approxlmately 1,354 kq of
fluid of which 977 kg are PCBs. Draininy is 30 percant
effective, yielding 1,228 kg of fluid {890 %q cf pCis,
for handl.ng ard processing. A cost of 353§ o- .61 v
of PCB is derived basad on the following:

Transpartation charqge, 50.07/ky 5 e
Incineration charge, $3.11/%g 04
"andiing charge por unit

Y
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4 i ed and Incinerate High Voltage Capacitors.

Lt - h capacitor weighs S5 kg and contains 11 kg of
. .. 1the cost per-hg destroyed is $).86.

Hindling and transportation charge, §0.13/kg § 7.1%

fu:cineration charge, $0.5%/kg 30.3%
sandling charge per unit - 9.00
$42.50

v . whied #and Incinerate Low Voltage Capacitors.

1T each capacitor weighs 9,1 kg and contains 1.6 kg of
vihs, a cast of $7.19 or S4.49/kg ia derlved.

itandling and transportation charge, $0.13/kg $1.18

\scineration charge, $0.55/kg 5.::
ttandling charge € unit ~1.00
) ? I p $7.19

" rinsh and Drain Transformers and Incinerate Fluid.

i+ h transformer uses 1,022 liters of solvent at

v 1nsl. Contaminated solvent weighing 1,350 kg must be

“1 ypd and incinerated at a cost of 50.40/kg {see Ab.

it the process removes 90 percent (or 88 kg) of the PCBs
cainng after draining, the cost-per-kg of PCBa

t, sroyed wilt be $8.50/kg.

sulvent $108.00
Transportation and i1ncinelation 5;:.02
tandli charge ¥ unit 100.00
e " 9= #e $148.00

I . Prace Transformer Carcasses i1h Chemical Waste
Lend€all.

i inposal rosts are estimated at SISyt or $0,°?qu with

i1 portation costs of $3.04/kqg. The average we ight of
tiae Lranstormer s 2,955 ky and cost per unit 1s §)25.
it vach upit contains 9.8 kg of FCBs, the cost-per kg of
i+u sramobilized will be $)33.16.

centza el oall (1272) escivrtes thac :
T3 kg to 757 kg Of PC3s ger anat =l
replacsment at a total cost of $2.3 ..t
nillon or $19.67/kg to $15.00/k73.

.

it ot St

G. Replace Motors Containing PCBS in ininy Fquig rens.

The following estimates are bagsed on Yestin et al.
{1978). The regulations would force “he rebutlding of
652 loader motors containing 20 kg of PCBs each at a
coat of $3,100 or $155/kg. Equipment in ssrvice
containa a total of 1,45 kn o® orng atob i
prexature scrapping or replacexcnt of these machires
would range from $640,000 to $2,240,000 or $560/kg to
$1,955/kg.

H. Drain and Incinezat# #H)aeral Oi] Transformer Fluics
if Contaminated by “ore Than 50 mg/kg PCOs.

Westin et al. (1978} estimates that the cost of testirg
transformer fluids and subsequent ir-ine-ation 1f
necessary would ranje from $61) rillion to 5762 milivan.
ft is estimated that transforrmer flu:ids may be
contaminated by 175,000 kg of PCB:z. If afi of th~ PCps
were detected and removed, the averaje cost would t=
$3,560/kg to $4,400/kg. However, th.s calculat, .u may
underestismate “he aversge cCost of Aestzurtir~ A% ~rag
11 1n the absence of requlation, confaminaset #',.d5
were normally used as ytility bosler fusrl, sc-2 f-i1-t.o-
of the PCBs would be destroyed in an, ever:. [ 3
perceat of the PCBs are deetroyed when covhistlc: ccirs
in utilizy boilers, then the average destru-<izn
attributable to the regulation is crly 2,159 w: (2. 05
175,090}, in which case the average cost of dartg,
el PCOs 15 $70,000/k3 to 5S88,009/kg. U -houl! he - iag
hi.zver that the euwidinct on affactiva dettrg -t e, o f
755 10 utility boilers s scanty. tf for esvTpln ssc
*itructlon rate wire as low as 50 pertont, the araga
in Table 2.1 would be lower by an orler of

MRS LN

“

“Laaon

.
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} 1ush and Replace Contam:nated Hydraulic Fiuids in
112 Casting.

.. stin et al. (1973) estimate a cost per machine of
i

i,vt0 and an average PCB contamination of ¢.11
mathine of $:3),000/kg. However, there may be

) -lantial variation in the degree of contamination in
‘tvrent machines. True average costa would be much
<1 for a policy directed only at the most

Ltavinated machines, but would rise es the policy was

. «tcaded to machines with lessar contamination.

i, 1 it NCES

i1ww, Inc. (19771 Microeconomic Impacts of the

Py sposed Marking and Disposal Regulations for PCBs.
UFLS Report No. PA-267 #))1/2WP. Springfield, Va.:
tiac ional Technical Information Service,

{14, R.A., L. Fourt, D. Berkey, and B. wWoodcock
{1478} Microeconomic lmpacts of the Proposed "PCB
#an Reguiations.” National Technical Information
Geivice, NTIS Report No. PB 281-081/3WP. .
sjec ingfield, Va.: Versar, Inc.

APPLLDIK C

THE BASIS FOR TIIE VALUE
OF STATISTICAL LIFE

A number of approaches to assignihg moretary values to
the loss of life have been prcposed or used 1in tl«
literature on the economics of health and salety,‘ The
uppro;?het can te broadly categorized by the w:; they
determine values, l.e., either according to nnde\d;al
pPreferences (villingness to pay) or according lé
rca?urce or opportunity costs. The following 15 & brief
:V;_?:tT:L 2l tlhe iwu mipsuvacnes. (For rore srteriase
diacuaaions of alternative ccncepts of the vatue of li1fe
or safety, sce Schelling 1968, Mishan 1971, A-ton 197).
and Jones-Lec 1976.) . ’

Willingness _to 7a

Canceptually, the more attractive approanh is #3 /st o
ILIICJ8CS 1n 1cn:]evlt‘1 Cr reduirtiory LR the Fiobr '7

o .‘;"‘-jl‘.."l dunr to accident n: Dlkresn aconr hing te <: .- .:'.
Teerienal af willing to pas 1o aTbir A teen )
el eften sct et o f Late e oot (R N R
- oot rhat s, cla s ac wili1ag Yo tia:m fi1e
‘.'_ fac gooudt: ard .eer g o hat the s vagun IYED
. ¥ ITM verea, v widusls make devisions 10 oar
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git an reducticni an ly’e erparctancy or increased
catslity of dea*h in retuto for 10Cceas2s 1A LACOT?
rer goods and services, and perceive themselves o
(. t.tter off tecause of these choices. Exanples_uould
i - - epting risky or hazardous jobs because of higher
E s+ of travelling by air instead of on the ground
[ s .t arg travel is quicker and more ronv:nlevt.

A+ these examples make clear, the quest:on 1is not
.12 +wich an individual would be willing to pay to avoid
“1:e:n death tomorrow, but rather how much he would be
.i.l4w] to pay to achieve a small dccre,le in the
,. bab.lity of death during a given period. This
¢ L.uyness to pay can be translated lnto a more useful
ir).i¢ for policy evaluation, namely, the value of

.+ 1stical life or the value of a gtatistical death
J‘”;wédfﬁ'éﬁaﬁose that in a group of 1,000 similar
i\t vidusls, each would be willing to pay $1,000 for s
¢ it.} that would reduce the probnbility of death by
RR] This policy is a fora of collective good For the
. .11viduals involved. The benefit to the group is found
"y alling across all individuals. ?hu-, the aggregate
Jii.. ghess to pay would be §1 -illlop {L.080 x $1,000),
a1t 1) expected nuwber of deaths avoided uoyld be 10.
ite statistical value per life would be $1 million
.-t 4l by 10 or $100,000.

T. > approaches to the espirical measurement of
itignesss to pay have been used in the liserftyrc.
< 1% to observe market transactions where ?ndmv;duals
. tially purchase or sell changes in their risk ?cvul:.
s eaample, 1f wage differentials among occupations are
{1 tated to differences in occupational risk levelp.
‘heve differences might be interpreted as reflecting, et
'he margin, the individuals® trade-oft betufen )

.1 b/safaty and money. The other approach is Fo conduct
warveys that ask individials a series of questions about
1o« thetical situations inavolving r1sk/money t;adc-of(l.
it tne Questions are carefully designed, and if
lnt.viduals are truly capable of predicting how ?hey
viuld act Af ptaced in these hypothetical situstions,
Lhess answers may teveal the monetary values they attach
ty (eductions 12 cisk.

Tirce have bcen two major studles using waqge rates
} . +iymate willingness to pay. Both studies are base?

. tiw same wige data but they employ different scts ?:
L. peatachal pisk data ard thus present guite difloer
iv.utts. Thater and Rosen (19761 concluded that ‘?
(st .tical vatue of life licy between $140.000 ar

- . . . 1
€ L. teg srane 3 oro-L LT = -

The e, oave 3ivy f tlec.cel D . e

elfforts o Uit tte gsor

LR 1 3 e Jat TR E a s
for statistacael lafe. Actom 1i373) o -
resporses from a stratificd randca wa-
in the 8oston area. The surv2y ans rp.-:

LT

situations. The question of Greates:t interes
the willingness of the ird:ividual to ray for a pr-iram
of emergency coronary care that would redice the
Probability of his daath from heart attack. Two
different forms of the question implied alues for
stztisticel dafe ui 3ii,vuu ana 333,000, Jores-Les
(1976} asked & similar smajl sample of i1ncividaals
several gquestions about their willinqgness to accept
higher air fares to travel on lines that had lo.a-
probabilities for a fatal crash. The value of
statistical llfe impilied by the respondents was ak~ut 55
million. The disparit:es sujgest that substantialy,
more reseerch is required before reliable estimates of
the value of life can be obtained with such techriques,
But the results may suggest order of magnitucde tounds an
eppropriate figures.

Opportunity Cost/Humap Capital

The more common approsch to the valuvation cf life & tha
GppUrtunity coust, proauctivity, or hunan caratal
approach which values each life 1ost gt the preent
level of the ®arnings that an indavicdia' z-uid n2ue
expected had tie death not occurred. Tha ap;rTach 1§
based on the assumption that *ACNINGL reflect thna
indivijdual's margipal productivity, or the ird.is.¢ual’sg
contributicn to total economic output .

There are three criticisms of this approach.
it has no necessary relationship to indpvicaai
“::lingness to Fay.  Sicend, it alloss ano roj=e tor e
Treabilistic nature of doath and Lhe avaicdance of

Firse,

death

**7 haalth and safety areas, or for 2. flncent

sobioal atbitudes or proeforencns tosard rigas oa- ! 1t
c.o By definition an andivaidual c- sl Feooro
Tt Turrant vat . cf has DY T I ERE I S H

BithCLgh Lte statatrcal val e of g ocas
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I o willingness to pay for small probsbility
. . ould be several times the discounted expected
... . wtream. Third, the irpl:cit judgment
'210g Vhe approach is that an individual is worth
. i she does, or that productivity is the measure
. ith
v ause of variation in patterns of earnirgs over a
tr.s and ditfercnces among individuals in their
Livaces in the labor market (including the factor of
:swiration), values derived from this approach
‘v crucially to age, sex, and race. For example,
.« b percent discount rate and 1972 patterns of
Litgt, saving the life of a white male between 10 and
+1 s of age would prevent the loss of about $180,000
‘v wuhted Lifetime eatnings. For a nonwhite woman
.1: same age, the earnings loss prevented would be
st .t $70,000 (Cooper and Rice L976). Some
trL .0st analyses using productivity values have

iiowied to adjust for these factors. Others have used

i virs for the population as a whole, while still
radies have added estimates of the direct costs
| .:»s as represented by such items as doctors' fees
vpteal bills. .

yoeitally Derived Shadow Prices

‘adicated above, empirical estimates of the value of
.- tical life vary within two orders of magnitude,
v a1y vf them can be guestioned on statlstical and
~vjtua).grounds. An alternative to the empirical
iite 1% the judgmentaily determined value or range
.+ ¢s. There are zeveral instances of this approach
©1.. literature on the evaluation of health and safety
T8,
i« earliest official use of an explicit value of
i the analysis of proposed governmental strategies
. ii~1 in the RECAT report (Jffice of Science and
i tingy 1972) an which a life was valued at $140,000
+Ltiasting the costs of fatalities associated with
c.uile accidents. The [igure represents the average
.+ participation in the personal income of the
1t 15 the product of per capita personal ainccrn
i1 times the estimated reduction of the expected
sy of “he averaye accident victim. Another b
v vyiae of life occurred i1n a report by the Nali7ne
Cwieh Council 11974) where the value of PREFTT A

Tt IrTe rectatinG gostT LS res hfue
fi.7 ruvrTTblles was arcived at o0 the
T .o 3l prr Geatn avorded.  Another report by
*tian:l Research Councal (19768) used a range of
3.2:,0C0 1o 51,020,000 per death avoided. Most of the
rora broadly based empirically derived estimates cited
above reside within this range. For these reascns we
chcse to use this range for the calculations i1n the

tent.
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APPENOIX O
CHEMICAL AHD TOXICITY

OATA AS REQUIRED BY FIFRA
AND TSCA GUIOELINLCS

CHEMCAL IDENTITY
Product Jdentity

The PCB product contains & mixture of chlarinatsd

biphenyls; each biphenyl can be present as any ore of a

number of isomers. Table D.1 lists the chev:cal sa-=

and registry number for the most common ([APC, in
press).

Synonyms for PC8s lnclude chlorina:ed bighervi.

chlorinated diphenyl, chlorobipkanyl, polyctuloriri-=d

biphenyl, and polychlorcbiphenyl.
The fcllowing trade names have becn used:

USA: Aroclor France: Phenncior ftaty: Fen-tlap
Chloretol
Oyranol Jepan: Kancchlor USSR:  Sovai
Tacrtecn Saatntherm
Mof|l ymol
Pyrannl FRG: Cl.phen
corelecular formala wrl weht, periort fh(nc e

c€ Al asomers dars Lh-owie b0 Tabae U.2 0 Lugten

g




+ABLE 0.1 Chemical Abstracts Ragister Nurber for PCBs

1 meegy PRI ST YR TL 1T LY

Inss BT SErVaC e, PO 1 3)-3)=4 Chmm  Abgtr  Services ey B (dedd-d0-t

She=  ambir. weme: |.1 -BipA®RY) Capm. ABRET SsWe. I' 3.4 tricnietuei | -Fipheny]
i—‘(-\arux!h_n_u_l NN -hnrntnlar"nnhln;l

Cren smatd wreds Aww. wo.. Cham. Abour SETViCIh Saq. AR, LI823-4i-1

Chen. Abet?. Nele ’.l.l‘I"'il!l!llnta'\.l"ll'uctyl

Lces apEtr wame: JoCRLOcwsl. )
dgnlopow, reay! Ll :feteechierce phsngt
Ledvrcss Fou. wa. . J93(-40-9 Cham. ABBtr. Services REqg. we_ - 41 48d= )9+ %
g:: :. l: o '.' SCMioTEsl. ) roisneRp Ches. Algra. woms: §.1° . 3.3 *TecracAlere+1.1 ~Rrpheny|
1,2 =nichioron phanyl 3,070 V' vYersechiersn prenyl
Chan. MBBLY. Pe/cirSh A0q Ve, 1 10]9+Q0<4 (] . Sarviceo & []
Crgm. Mbptr. Warm }, 1 -Bignlarerd. L CBiphenyl CM- htut. wamg 1.3 4,3~ .uuu.“-. +amipheayl
Lapicnisrangtenyd 1.2 1.4 ~Toypaenlatun i pheayi =
Choo. ALNIT. 347vICPD B LY P AL AR L) Chao. ABORS. Sérvicas RBq. #e ) -
CRen. Abbir. Weme- J.) +Dsenlerosi.i’~oipnanyl Cnen. ABIT. wewa. ).}, 1 sBaphoayl
L4 -Duckioron iphenyl I8, 8 -Tecrachierom,
o ABsat Ertvicde Aew. WE. . JPAS R4 b)Y Chem. Alsty. Bervicoo Bey. M. 1349 190.
c abecr. wamp: 1 wenlgroci. i +Riphonyl Chem. Mbote, dean: 7.1°,%.3 <Yatrdeniese~l,l -viphoayl
4 4 Dygh shiphgny? 2.3 .80 eTecragniar n phenyl
Cnes. MBeLE. 3ervices Mee. W8, )} Chem. agsir. 3s¢vidoo Ang. Wa.. 11190111
(hem. ABSLE. Kemmr 0, 8 -GiERleder i, L' wiphanyl Ehww. Abers. Oamay 1 17,40, peTeeroenlorsel, L oipranyt
' .
Li l-trieniorss phany] LA v atetrsehint 9 phenyl
Shan. MBRCY. b ,-..... M 15484 Thed Chom, Aboly. Servieon Rey. N, H398-))+)
Cheb. ADSty. Nama: L istrieniereni.l ipngnyl CAwa. AboCT. Wama: 3, 1,4, 4" ~Totrachiors i i’ piphenyl
L SsTriesiaremipneny) 10,90 ,0.0% penreghicrons
Cves. aAR#ir. jervires Dyq. M. ABAe svailoble Ches. Absci. Serviceo beg. a.: J2390-ided
s agBir. Namm: 3.3 tetgighlutesl. i -Bapeenyl Chem, Absty. %amar 1.3,)'.4,4° -nﬁtcnlnn-l L -oipranyi
L0 o TracALaragaphenyl L L 4.) rrestagniorens
S sualr sedwices Req. WL THI)=)TeY Chen. ADSLr. Sersicoe Bwe. Wa.. HIk8-0)
LEETI Y s B AL FYT Tt [T TN | Chon, Absay. Hamm: } 3°,).8,8 «hontachlas@ L. L' sruntnye
! '.-‘—ai ll"hl"hhn“nlavu.m
.- ey Be.: FTERE.gYAR Chom. abe
\ . . Ye e, SeTeige [ TEIR T TYTY L
VPSSt aftat g Ay o0 ouphenyy Crwm. Mberr. demat T 1a Pons en ey .1 I
4 - N ! N
Lig puspnesyl !‘l'.)-",l At pen b T88ipneny)
SorT ARENE. Sefmichd Mo, Y. (4486 -816)
on Rt SR T T ey g P A R PR
L} PR T
ALY el sching spreny) 2.3 04,80 8 chanael levroripnenyj
LERY ADALT. Servites Mpy Ne EIERL N LAY ] [+
L N T A T R O e Y T Y o LI R, AUSte. Aecwsenr Bew. We. . 2VB43- 200}
L . A =hisneny) Chem. ABOLE. Wagwe 3,2',).%, n-,; B T W
LR N | pdoBrntachi o8 ipeny ] ,3°.0, 0,8 - Wessenlprok P
IEARRYS AN 1 ipheny
Chem  ANERT. Sefvices wed. N0, FRIM- #)ed
» 1. 3, Cnen .
VAT ABILT. NaPEL FUL 18T eerening lere 1,1 - Ripnenyl Chea. :::: ::2:" ‘“i'l’
* CLES . LI
S sy .
S —— LRt enpaenyl Ldlt. 00 8.0 -wencen urewipasnyi
AIBET. Lrevices Beo. Me o fiesdatial £ -
. et Mok ABSLL, Serveces w
Abs, D . . % o 15983037
r Names 2T VL Sepentactinie-] 1 e iphenyl Chem. AReir. Name: 3, .l.!',5,!'-:::"-1::.-l..-»on-n-u
ehine oy
ioh pheny| T3 b 0 b rabasch aramipreny]
T axabr. Services WA, mhL; HYMY )
! . . LT
Alabr s 3T 44T Ve ReRLIER sre=l, 1 ol phenri w‘:;“:. o I"“"':Jf':l-ﬂuJ-l Lo
LAd ciesigen) sresipneny )
T T L1 Sodeghe hicroniptenyd
Tes Ldbe Seaviers Red, Wt 1A Qg Yok
EXNEPEVNIEN Wer s L Chem. ARBtT  Sirmicen Wy we FLURTY T P
NI Mt TS rentaen ores]L ]k phenayl neA ALSKE. Yeme- 2.2 0. 00 a8t Sevgpba vl b
I I R LI LYRTS ST, "
A st b g deagl LB 3.8 Mepre ingenipaeny |
.o :‘.',“ :M\,“‘:‘ BoCoNe s M ged Chre  apatr. '.—...‘.- . LIS
' L L L B A ITTT W T o Chvw. ALStE. Saewp: d. .J. CH ALk Mol et lora Ly
Fo il Sy e vaprEagt I L t I PR R L AT LTI ST LTS
. ': :‘ BN ) 'h-‘ ~' N Oe- CheE AUSLE. Suivirvs my e ELLYS WSl '
B L L LI T UL SR R RT Y Ly FRed. ALSTF. Ry 4.7 L0, 4", % % -ty i pl. H
[ . L
. ' PRI A5 LLARY XN
ool v [ BRI PRTYES BT T N
- ————— - ——yma -
Vaa .
Al MG IR
. ; u A - 1 o

. R



e

P

1846

i1 % D.2 coaposition of thiorinated Bifhenyls

: I.”.;:‘l molecular Percent . No. of
« iobpphenyls weighte ¥ Chlorine 1somuyrs
LT 154 ] 3
LIS 13 1) (1] 2
pLta L2 112 an L2
LIRS ] %6 an 24
gy 2% 4 42
(R P pY L) 54 46
(AR ) 3ss 30 42
‘1;“."1 pL Y] %1 24
LI I 426 (3] i2
PEIATY 440 (£ )
CLo1p 4%4 ial ]

“uaned on €)Y

W E: Modified from Durfee et al. (L9763 .

{946). The composition of s

ore commetcial mixtures

the timted States, Italy, Gegmany, and Japan are

tistet L9764,

b .tugang Frocess

., e produced by chlorina
. +v5, sllustrated in Figure D.1,
4. sus chlorine, a catalyst such a
and elcvated

.. chloride,

. 1xllataon

wir tee et al.

by Gupfre,

s nemecal CompoOsition o

1976},
1. turang process of Monsanto tth

terperatures.
v, 1% purilied by alkali wash, sometimes
tourtee 1975; ARC, n press; -
A detairled discussion of tk
o U.5. producert

ne tegree of chiorinaon ard with the
ot rces wvth

Lmpinged

RN nternc

. F
nay

wobho

var

in
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the
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tion of biphenyl,
requires biphenyl,
s i1ron filings or

t1ated in Table D.3 (UARC, in press; Curfee et al.
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®

foltowed
Hisbet

[ the final prodect Vv
1.

S

o ——

V-
DR S
soeon 25 o nme eyl s P .

pnjredents reasurbla at L7 .

produnt weaizht ,sbet 17781, il

soe Table 3.2) of chloro:inrrniolnyras +ov o4 -0 -
#C8 mixtures, and quentivies maz vary treoo batop
batch,

s . L o

The fact that different ba-ches of PCas, & =20 Srcn
the same manufacturer, have 2ifferent arounts cf
chlorod;bcnzofurans (COFs ) appears tc ke a veflect,or
variabilities in the proZucLion process. bacreas tre
primary process in the production of PCBs by the
chlorinaticen of “igucuyi woild not qgive CDFs, the
aquecus alkaline washes and steam dastillat:ons ~co'd be
anticipated to give the swall amsunts of COfs ohuer.«4,
as shown in the following example.

cf

L) O Chy e O Q.
Y
a 4 o on O 0)_/
e Ny I

Such a schere could have besn involved 1n th=z
Japanese “Kanemi Yusho" incident, where “he PCa-
contaminated rice 0il was heated wi-h stcam av 2007, ant

where a relatively high ratio of CDFs to PCBs was
observed, althrnck Sreicsss lircwciyacors of the prebian

suggested an alternative route of contamination {Miyata
et al. 1977),

PUYSICAL AND CHEMICAL DATA

Thele dita have kot Decn reported 1n A caonsiclent mancer
0 Lthe scientific literaturs. Chemical aad phe
Trirerties have been invost. i) fer o andicadaal
2Mobiphenyls in Comer anntances acd on others for e
“roia) product oz miture. fn o avchirional pron -
Prcanse two radas aof P0Bs cvys it d

ol

[N SR §
S Char B ptaonerd, e quire ol we,
Tre prosieal ol rhariTte-w,c 0Lt

he . cx. grads abut tEr 58 Nt




TABLC D.) Approximate Percent Composition of Some Commercial PCB Products
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2ol craies mosee Loasr Syt .ar IMerntanto
SLoBulletia 0T JC- A [-p.rities 1n loanr
| /0 inrs hate pot boen derarpice 2, nor NMave these
1. o oa chirretrriied trdicalofically. I s not

4 percentasic 0f total Aroclor usaje in the
© 1 wtates vas represen.ed by the tecknical grade
, T As far as we kpcw, sll toxicelogical studies
‘evn done with the purified grades, and thersfore
v wu technical grades are aot avrailable. Thus it is
pv.iible to assess the tomicological effects that
. i tealized from exposure to technical grades of
z T I {“ee Tables D.4-0.7.)

| LiAUnHFNTAL CHEMISTRY DATA

i toosg  PCHBS may erter natural water through
.t. 11l discharge or as a result of disposal and
. of equipment. However, they are inert to
‘., Iy.is except under extreme conditions (Hutzinger st
) : 1774, Nisbet 1976}). .
1 3l Deqradation PCBs are extremely stable
j+.....}i, not reactive chemically under environmental
Vit aoas, Oxidation, reduction, nitration,
. . sti1ration arnd rucleophilic reactions (reactions with
' .1, alkowides, amines) have been described
Vounger et al, 19741, The conditions required for
: 2 rvactions make 1t unlikely that they will take
i . - ¢ in the environment at any significant cale.
‘.une applications of PCBs, such as queachiny of
it} metals, heat-transfer media, and transformer
... wn, lead to the formation of degradation products
* . an escape ihto the envirormert. The formation of
- t.irsted dibenzofurans on hcating of PCBs Lo 5BC-

. ' 1r one example (Duser er al. 19781, Polymeric

t . i f unknown corposition, possibly incorporating

v i owre also farmed from PUBs upon heating {(Zitko
1971). Chemica)l contaminants {penta- to

R . - vnquatethonyls, hepta- to nosacthioro

R ' (- i1yl ethers, and penta- Lo

. » ruiioterphenylsl, consideced to be a result of

H ¢ ti.aron were dentified 1n Kanem, (Yushod race ©
e ot oal. 19770 Atwt 90 pecceat of thus Mt

+ . r1 of the guatzrpher.yls, and thelr con - at: "

- Seede L, s taTee, the caqmoanrioer L 8
L cnal.ies opl tAcrc il oo, L ca
e Sroonafied ol szarpels, vl ot eg

cfirstauen 9f the resuits 1s requited.

Tvosodesradatint Photoreattion of CYs procures a
ariely of products. Loss of chlorine, wvith replace-ent
by hydrogen or hydroxyl groups, rearrangoment,
condensation, and “polar™ products have been obssered
{Hutzinger et al. 1974¢.)

One of the rtcaction products of sunliakt rrad._e” 100
of PCA mixtures is the replacerent of c-loring by
hydroxy groups at the o:tho pcsitions. Th:s allcws
oxygen to bind in a similar position on the otier ring
and to produce chlorolibenzofurans. Both heat snd liah®
can sccelerate the t-anefr=—ntinmn ~ & arso oo -t
(Nutsinger et al. 1974),

Jt is pot possible to assess quant:itat:vel; the
importance of photodegradition of 2C6s In the
enviromment. A wajor portion of PCBs in the ens.ror ent
is not Accessible to sunlight &nd, consaquently, :-e
amount of PCBs decompored by photodacradation 13 Lirely
to be very small. Table D.3 provides extinct;ca
coefficients and guantum yicld data for the loss of a
given PCH isomer (i.e., transformstion by loss of a
chlorine atom and formation of & PCB molecule with one
less chlorine).

Bigdeygadation

Microbial degradation of PCRs denmrds nn *he de-vr- o1
chlorination and the posltion 97 the chlorine aiom or
the biphenyl molecule. Lower chlurinate- hiph®nyls are
readily transforn~d by bacteria. but the high:-
chior.nated compouads are not (Nisbet 137s).
Achrompbacter 1sclated from sevage sludye rapidl,
degrades PCBs {Ahmcd and Focht 1972). 4 ar 223 -
11974) also 2ztablisted micrabial d--;radar;=a . a
bacterial cuiture {so'atad from lare wirar, Bi tncga)
Growth was not ffecte? adsmizely wein oep 2o §,

PR
fraclor was ardded o tne culture Mong ~nd 3|1<-rr17)n1
> Table D.%.}
Bicdegracation rates of chlorobiphionsts oy on
Tt from the data of S wrvk.wy ot ab. 173 us .

o o! Alcaligenes ana Rciperobiccter . Figa veace
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data, the mean primary blodegradation rates were
b o calculated {Table D.10).
~ B . Considerable differences exist betweer the primac
s v - b } biodegradation rates of Llsowmers (Furukawa et al. 197fb).
_e S © - = ! THIIZ sutilaiseled an 2 wna o positions” are d=graded
) much more slowly than othecs, but the rates g:ven ir
. 3 Table D.10 would probably be useful In dnsigning a
- - ow & model .
- LAl o C v A d B h M [ -
.03 he o = ccording to Baughman a Lassiter {1578),
e oo Sas A - representative concentrations of microbes i1n differ—at
—~u - ' 2z - - water bodies are: ’
o
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s o - a Strear 10+
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[ ‘alubility of Chleorobaphenyl I[sorors and

t. an Water (ng/1}

tatapten, 1p
3. %0
1.50
1.19

stiyrenyls

1.%0
1.5
| 4
¢.08
1 Lghenyly
05 ok ac’?
IR R R
icbaphenyls
w 6 x b0
) 1.4 w10
Sy 1Ta 110!
. v oxta?
4+ s.8 5 10
s 01 10!
‘- ko0 w0t

fentachlorobiphenyls

Hexachlocoblphenyl
2.2 ,0,40 5.5

Octachlorobipheayl

2.27,3,)°,4,4°,5. %

Oecachlorobiphenyl

dcoclor 1741
1240
1154
1760

7.1 a 18"
1.1 192
4.4 5 2072
4.7 u 302
1.8 = 1077
©.14 _
$.40 n 1077
1.20 « 107
9.10 2 02

*aiifred Trem Durfee et &1, (L¥76).

Tewpls to extrapolate the rates to environmental
« n5 antroduce considerable uncertainty.
c e measured under optimum conditions for the

The

s pshasm, at cell concent:zations from 4.4 x 10® to
celis/m) and chlcorobiiphenyl concentrat:ions of 50

i, whigh is 1} mg/} to 15 mg/} for mono- to
nocrubiphenyls, respectively, well above tie
i "y of di- through tetrachlorobiphenyls (Weil et

Caa.

~+ a<sume that the rate depends linearly on the

11afion of chlorohuiphenyls,

extrapclation to the

1 anmkient concentration in the ng/l range would

muitiplication by L@°.

vy be deqrading PCOs

tnsl ceid) concentrataion.

Auvout 10 percent of the

iilong and haiser 19751.
ro, the rates should be multiplied by 10 percent

il ang are given in Table 0.t

that the biodeqradation of most
wienolaphenyls may be extremely slow,
ot wore substituted chlorelaphenyls praci:icaldly

and

The resuits of these

thit ot

are cmrrazabh e o o the vyt oy of

)
..
e W

Lite o ydlusicatiy o Lo oLoe

Jtie s of PC2s OR MiCrocOrganisms have been studied
oo Ay arnvestigatdrs and results are presented  n Taktle
.24 'Poirguin and Cassudy (979, Ewald ev al. 1974,
intet 1976, Powers et ai. 1977, Blakemore 1972,
plavenore and Carey 19789, Furukasa et al. 1972a).

PCBs may induce changes in the ecalogical roje of
microorganisms because of differert sensit;vities,
Thus, community composition may change depend:ng on
level of PCBs, tenperature, and the abiiity of the
organisms to metadolite these compounds (0°Connors et
al. 1978).

TR

Mobility Through the Envivonmert

Adsogrption and Leachiny {.aboratory tests iadicate cthat
Aroclor 1254 is adsorbed most efficiently on so:ls w:-h
a bigh organic content snd or clays. Aroclcer .CL€ was
adsorted strongly on silty clay lcam soil and zould Le
leached only with difficulty from silt and sandy loars.
Less than 0.05 ‘percent was leached after ¢4 months, and
it conslisted of mainly mono- and dichlotobiphenyls
{Mague et al. 1974, Huto et &l. 1972, Tucker et al.
1975a, Maque and Schmedding L1976, Kisbat 1976).

Transfer of PC3 lsomers from 30il to vater follows
Closely their physical properties, especially water
#olubility and partitlon coefflcients as indicazed in
Tatla D.13 {Halter and Johnson 1%377),

Volatility Monsanto Technical Sulletin Q/PL-20%r giues
A graph of vagor pressure (“F, sm 89) of Arcrlo:s 24,
1248, 1254, and 1260 ovar tha tempersture ranje 150" t o
JRQ'C. From the graph, the logarithe of vapor pressure
is a linear functior of 1/T (T » tecporature, ‘¥
logivel = A-B/T

VP extrafpolate!

Aroclor A__ | ER. te 207, w- ¢y
1242 8.8 1.%90 9.7 x 10~
1248 8 3 3, a9n 8.1 »r -
1254 e.8 y.100 1% - e
i260 3.% 1,100 T e b
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TABLE D.7 Electrical Properties of Some Aroclors

Volume

Powar factor
tood

100°¢,

Dialectric
scronqgen,

0 ce at LOO'C

FeaLsCIViItY,
500 v,

00C cycles

Dielectric constant
at

L\

ecycles,

de

[

Aroclor

5.7

1232

0.1

above 300 x 10% ST

9

)

1142

0,1}

*)8

above 300 x 10

4.6

1248

0.1

¥ above 300 a 10% »18

5.0

1254

0.}

3.7 above 300 x 103 >33

4.

1260

2

12¢s

Hodifiad [rud Durtee st al. (1976},

SOURCE :

cre o= U taty for Selacied PTEs

Molecitar Srtarcuiron

H Cacfl:cicals JuAt ¢ Yael d
- _‘—?i_— T _D.)OTI-—LA
Z_A-Clz 25 0.22
2.4.6-Cll ? 0.25
#.27.%,5"-cl, 0 Q.11
Clyg 1200 *0.21
Aroclor 1232 60 2.006
araclcy 1263 110 L IR L

SOIRCE:  Reoprintsd [with =odi! cit 19N wit porrisssian
from [Chermosphere 2:155-164, Bunce. M. J., (. susac wvid
8.G. #rowniee, An asscasmcnt of the inpact of solar
deqradation of polychlorinated bipheayls in *he a: .atac
environmerti. Copyright {I9i4], ‘crvsnns Press, ott

TABLE D.9 Microbial Species Used in Degradation
Experiments

Species Time ODegratation 37 PCD

Achrombacter + {unsubstituted ringl

Nocardia 20 days + (low chlarinated)
‘tetra C#

Asperqillus -

Pseudomonces 1) days * lrteerad Cai

Arines ~hcmpan -

« sndicates dogrsdation.
- indicates no effect.

TABLE D.10 Chlorobiphenyls Primary
Biodegradation Rate

nradso o hovae

Mono 7 x d0°t
Oi~(both gings subst. i 6 x 177"
Tea-ithoth rings sabst ) RN R
Trtra- {Both rinn: Labst ) VRS N
Yiata-*rbott. £ings subc ) P.% a0 '®

*raly onn asamer, 2.4.%.2' L -




fiir .11 Primary Biodegradation Rate (ng/ml-hrl

Lutiophyn Oligutropine

Lo enyd s Lake Lake Sedirent
, N N TS I O N T I T
. l.n o rings subst. i '8 T 1.} = Iﬂ::s 1.3 a 107 ¢
L5 6 U cLngs subst.} 1.)=x lo:n 1.3 ¢ 10 3 1.1 3010
¢ 4 .k orangs subse.) 1.1 a 10 7.3« ulrl Y. u ke
fe lih rings subse.) <5 a TR <$ = 1010 «% x 1012
ooa Lian pesta
BroWersdation
,-c.\‘iw.u
Y Arecior 1321
- .
t iabp-
-
]
u‘ ik Dweradstion
. B.ohenyt 100 Avoctar 1016
v Aroctor 1370 [ NN )
- MCS 104) 56 16
o Aractor 1018 132 14
PR ¥ Arestor 1243 %is
b Arecion 1254 e 8 Acoctor 1254
' Aaditron ore ) mg/ ¥ hre
ot Pa— | A -\ - | i | —
0 0 20 k1] 0 50

% CHLORINE (W/W)
cMct Juehererad ({7740

L ! Samerintrnuss ac feated duilpe primesty beodugradabom s cb e
. et of the weg s ponentibbmng

-

Litact

irhibits gro-th

intLbits growth

mocified qrLowtlh tate
(reversible corditior)

162 -090u9/1 inhibit grovch
Euglens 199-0000g/1 Ledlbie growth
Fseuwdcmonsd

l¢rrecasnuy

10-100ug/1 ce2aced raee of cell Sivis.on,
reduced tatsl araant ard s, -t'metac
tate of nucleic acids
Cyclosterium 1sq9/) teduced growil rate s-2 chlotoghyll
Llevels
Thaiessioslirs 10wg9/1 suppresse? Qrosth rate 0%
rietoRyNENES) 3

Pisperssl through Water PCBs #re strongly adsoctad g
sediment and their dispersal through water dep=nZs on
tha novement of the sedimert. (See discussion of the
PCBS in Sediment in Chapter 1.} :

Biosccumujat jon

PCBs are remarkable swmong orgs#nic industrial chemica:s
for thair low solubility in wster {Table D.6), tre.-

high octenol/water partition coefficienis, accumulaticn
cosfficiants, (Tabjes D.14-D.16), snd their resistance

TABLE D.13 Equilibrium PCB Concentrat jons and
Distribution Cocfficients (Kd) for Aroclor 1254

S01] Concentration M0 Coacerntration velin

img/9) =g 10 Fe
Static Condition 502 T.60 S bn
158 110 104
100 1.%0
100 V.0
Continuous Flow 500 .54 LB R
150 O e
100 L2
100 Ll

—————— e e e e —

b Madyzicd Tean lhals

g 4rd Somraen (bwng
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TAPIFE D.14 Octancl/Water Fartition Co=fficients and

Ecnlogical Magaification Vvalues for Selected PCB3 : ' ' = ' e = = -
Octsaol /Warer Ecolngical . - ot ' ¢ ’ (
Partition Magaification ) 2.l
i Cosfficient value " n;r - o o - - -
S—_ ——— - 1 » .
t-¢: toto )0 "o 3 "SR - - A
4.4 -dichlore 3.700 1.700 o &
1.5.1°-trichloro 1,930 ¢.400 FY TS
1.5.2° .5 -pentachioro . 100 12.000 v 2ef + 2 2 ®° e e -
1.4.%.2°,4°,% ~hexachlore 17.003 12,900 bt g7l ¢+ &= 5 = =z -~ -
decichlioro 39,00) 42,000 L4 -
139,000 ¥7,000 2 L
] T ° il ° ° e - - ~ -
- I 1 IO S
-l 1 ’
to in vivo degradation (Table D.17}. As a result, they -1 s -
exhibit extraordinarily high values for biocaccumulation 3| 3 T o - - I
in aninal tissuves, especially in fish and other aquatic ' & l - s - = ° 3
“rganisms. For emample, the average concentration of v ™ ~ 5
PCBs in Lake Michigan is about 0.098 swg/kg, yet mature ! - €
lake trout, Salvelinus namaycush, contain an average of b !i Z
28 »g/kg., equivalent to a bioconcentration factor of “ o 2% 2 2 e 7 . 0~ 3
}.41 x 10° (Mevcalf 1377, U.S. EPA L972). O L A A S
Bioaccumulation of PCBs by fish and other aquatic D|583%] © e o o o . - . .
organisms may take place either through ingestlon of [ $828l 2 s & = 4 2 & 4 2
rontaminated food organisms or by direct absorption W - »
through the intequment. Coho salmon, Qncorhynchus < s H
Yisutch, were fed food pellets contaminated with ‘> - H
1.4,)° 4 -tetrachlorobiphenyl, 2,4,6.2°.47,6° and o 5 T I o= o= 5.
1.4,5,2°,4",5" -hexachlorobiphenyl. After 100 days, the H g ;E: - - : : : : f 2 I
salmon contained an average of 1.4 mg/kg of each of the ! o E:E D R T .
two hexachlorobiphenyls and 0.65 mg/kg of ; al #33 = - 2 2 2 5 - Le
tetrachlorobiphenyl. From 30 to 60 percent of the ’ byl ;‘
g 1, -
O ) €
H uvr
TABLE D.1%5 PCH Accumulation Coefficients in 5 555 - I R R :~§
celected Animals P I
- o] - Ik
Angral Accumulation Coefficients g . E EI zl
oystrrs {Aroctor IJSA“ tot » 107 - 165 x 10! " ' El H] g 0o S5
<hyrmp (Aroclor 125447 , 26 x 10} L @ ] - B S
tish testuacincl {Arocter 12541 37 w303 - s ;l P 'I . . e
s laneton tdechloro-) 3 - 10Q % bdy wt x 107 M :, o | s N ' L
vinus ltetrachloro-it * x I fr 5 :1,:.7 5; ;:-l . :,_! i ' ' ! .
o o o = . - «; L [
ot "N H w:l : o '-: et !
Mol T d feam Hanaen 119061 o r :r.! 2% s -t
et Lar ) feom MoNgugiee ({918 i L N B b ' H | 1
L ala ‘ T

Mmidi ‘4 ) froum Branson ot a). (191%)

G25834

MCNS

e
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Ecological Megnification (EM] and Biodegradability Index (BI] Compared
with water Sclubility and Partition Coefficients

TRBLE D.17
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r ozt teelin ot ot AT S A
Lot tetcacnlorclipnensl 0 The 2! [ use

croocLrecnad fron 138 ra/kg te 2.9 wo/kg c.roa
orat 0l 4B s, corparcd with 2,4,°%,2',46°,5%"
wesachicrobiphenyl, which decreased from 33.% m:/v5 -
<

> r3/k3; and with 2,4.6,2°,4°,6" -herachlozob:;ren, .,
whizh decreased frcm 20.2 mg/kg to 6.0 mas/kg (C: .zer ex
al. 1975).

The direct uptake of '"C-2,%,2°-trachlors-,
2,5,2".5%-tetrachloro-, and 2.4,5%,2°,5%"'-
pentachlorobiphenyls by the green sunfish, Lepcr:s
cyangllus, was studied by Sarborn et al. 1193%). Aftre-
the fish had spent 15 days in static watar, ttra
bioconcentratlon factors were de=termined a3 trichioro-
f4  tervecklcors 300, wou pencachioredipnenyl 1,510,

Mode] scnaystew studi~s PBiocaccusnulation ani
biodegradation studies with a serics of '“C-labeled
chlorobiphenyls have been made using the terrc<--ial
aquatic model ecosystem involving both fooi-cni.n
transfetr and direct absorptiod in aquatic organitms,
Including the snail, Physa sp., and the f.zh ¢ —r_-_:
affiniy (Metcalf et al. 1575, Metcaif and Cu 1)it}. The
degree of biocaciumulation, as determined from the ratio
of amount of parent compound in snail or f.sh t< a~a_nt
ln water, increased in proportion to the d-grae cf
chlorination; and It reached high valies for
hexachlorobiphenyl--42 x 10’ in fish and 109 x !0’ in
sndil--and for decachlorobiphenyl--97 2 0% in -Z13i ard
930 x 10" 1n snail.

Correspiud.uyly, the nlgher chlorobiphenyls were
more stadl® in the tlssues of the organ.sms, as
daterained by biodegradability inde: or ratio of amcunt
of polar corpound stored. The biodegradakb:l:ty 1ndex .-
the fish decreased from 0,69 for trichlozodb:pher ;. to
0.005 for decachlorobiphenyl.

NAZAPD EVALUATION

Acyte Toxicity Teses

Lethal Dasa Studirs L0 oo §0,, hia asgae ¢ an?
terrestriasy wildlals s pe - e d g Tazte s D 22
vial doses ranqe frem .00 53 kg 1o 1L, €L e, e
this lavel s fequiten bt ot - ain LT, ueger ' [




TABLL £.i8 Toxicity of DPCBz and CUOT 1n CORTLRUOUS Flow Tests
“igg
Arocloc Species 5 days 7 days 15 days 20 daya 2% days 30 davs
1254 Rainbow Trout 150.0 LIS} rem. ceaw venw R
‘250 Rt 1490 4.0 .0 - e
oot F 0.9 0.} v——- aene cese
22342 Oluegallsn 1%0.90 12,0 $4.0 rem= coea cman
1240 310.0 160,90 .0 10.0 ae-e ceme
iisa samn 440.0 200,0 l40.0 54.0 seee
1240 - —ena I 140.0 0.0 1500
1242 Channel Catfish .- 170,90 110.0 ——— ——— came
Laa bk d 230.0 1)0.0 e e ——rw
1154 e m-—- 740.0 300.0 110.0 e
1240 === “ans -m>= 300.0 170.0 140.0
xzu: Olueqills 145.0 6.0 .- ——— .- -
1249 Channel Catfisn - 4.0 $7.0 e [P .ma
‘temparature, 1¥°C, -
SOURCE: Stalling and Mayer (13721,
TABLE D.19 Toxicity of PCBS and DOT to Invertsbrates
Exposure LCyo
Compound orqanism Bicasaey Type? tdaysi [ V2N
Atoclor 1242 Crayfinh atetie ? 30
Aroclor 12%4 Craytish static 1 100
Aroclor 12%4 Crayfish continuous~flow ? (1]
vor Crayfish statle 4 100
Aroclot 1242 Scud continucus-llow 4 ¢
Arocior 1342 Seud eontinuous-{iow 10 5.0
Aroclor 1249 Soud static L] 92
Nioclor 12%4 scud static 4 2,400
voTt Seud statie 4 3.2
unt Seud continyous-flow s 0.5
Aroclor 1354 Glase Shrimp continuous=flow 7 3.2
LT Clase Bhrimp static H iV
5ot Glass Sarimp continucus-{ low 3 t.)
Avociot 1242 Mragontly matic ? 00
arovlor 1734 drageafly stacic ’ 1,000
Arociet a2 Domsc iy continyous=tlow 4 400
Avector 1104 pamaecllly continucus=-fiow 4 200
ret Damselfly statie 1 %6
e rata e, S e 0 alkabandry, JSpom: e, ToL.
R Se gt by ansh Moo (1978),
4l e
e et - . 1 ! '



TABLE D.20 Toxigity of PCBs to Rats and Rabbits, LDgp

{mg/%g of body weight)

roelor Aroclor Afoyior Arogleor Aroclor Aroctlar

?;gflor ?::: 1242 1243 1254 1240 t26A
Rat iorsl) 4000 4500 8100 11,003 weo- 10,000 11,300
Adult cats torall 1000~10,000 4000-10.000
weanung rats terall 1300 1300
Adult cats {1.v.) 400
J0~day old rats
(oratt 1400
::?;ﬁy ola rate 4000~ 3500

000 >1300 »300 >9300 *1300
RapRit takim :;2:0 «1000 «1300 «1300 3000 <2500
woUNef: wodified {vom LARC {sn press}).

Thnik D, 21
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Acute Oral and Dermal Toxicity Effects of PCB Exposurs
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warsl Vay ant 2% dayw CEALr7al ater say
[ X3t 6 dally goves M a Bt dar Increaas ot -eiynL; erin
] avellvag, &Y (Led SEanuied
AT AN L1} 0ng swvery s 8 in % vesaa 1T weignt 4 e fegie: fel]
day Auvlling: Ay bsh sianuirl
T -
ety Suimed Piy 1l dai by, 4.3y 100 between 1} ang Orcational thigienin
21 deyn 1 wt ine epidermue
CLE LITTR S P I PR
in 3 e IRT Ll
Lia Faboit AjRermale Ay 180 rotwren |V Fally dyengiitarm: drneral TRanRAIAS of prarsle
Tolhl kee deoa N0 Y My sLropny Nl jarre smg
Ve a0 1d0gay tAWRe Py cl s
TOVRITHAY Fay
LY RS LY TN macly. 43, 0., WEam ot el wilae he o L N Wrgdemiag. Foarlae, o
and 0 Doorare lawer LI I I R of smgll ptppdet na
LWL YT I e T IV} ALTRPAY - 2 ey te Phestoely: (imoity
Laoedl B e o F e dem. T TR
e me e
— = —— . —— —— - — — — A — s
Lo - | - AR N
R
-
. T 1

991

e



Japanese Quail

» 5000
*3000
4800
2400
2200
1330

(mg PCB/kg Diet) of

3000
2100
1200
00
7%0

bobwnits Qualil
870

Pheasant
1200
31100
1300
1100
1100
1200

tiers) .,

Mallard

1200

1800

2700

2000

1000
Modlified from Nisbet

2-Week-01d Birds

TABLE D.22 LCsqy Comparisons of Aroclors in Diets

Ateclor 1232
Aroclar 1242
Aroclor 1244
Aroclor 1254
Arocliur L1260
Aroclor 1282

SQURCE :

fo.v . 7in_Shrta Tests using Daphnia, fatheac wiproa,

stwrila, and Gammrus irdicated that the larval s'aje
ts a5t sensitive to PCB effects {Nebeoker ev al. 1977).
(See Tables D.19, D.23, and D.2¢4.}) Life-cycle effects
on birds ere given in Table D.2%.

Heta ic_and Chronjc Feeding Studies The predominant
route of PCB metabalism is hydrorylation (Table D.26).
Sowme chlorobiphenyls mey be hydroxylated via arene oxide
intermedietes which suggests potential carcindjenic.ty
end wutegeeicity. The hydroxylated chlorobiprenslic »-a
FEIT Llhde Lhan uiw persnc cospounds. The icz:cologital
significence of the recen:ly discovercd chlorobiphenyl
methyl sulfcones is not known. Results of chronic
feeding studies ere presented in Table D.27.

Hutagepicjity For Aroclors 1242 end 1254 no statistical
evidence hes been presented for mutegenic sffects in
bone marfow or spermatogonial cells, for mytangenic
effects in domlnant lethel asseys, or for chromosoril
eberreticons in human lysphochromosomal cultures. Ames
test results with Aroclor 1221 end 4-chlorobiphanyl
indiceted significent mutegenicity (Wyndham et al.
1976),

i t Date indicete thet Keneclor %00,
Aroclor 1260, end pecheps Aroclor 1254 are carcinojonic
in mice and rets (leble D.27).
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i 3 Spawning and E9Qg Production of Fas'cye

- 2 TaTau and Has Hilit.es <
. i aposed to PCBs . 2 Hacrahilit.ies ©

- Wvomonk ie aac 3urvival arnd Sizes of Alovins
3 ’ £aaas — . r 2% Hfrer itatching, After Exposure to Aroclor 1254
s tation Spawnings 998 998 Percrae - :, -
v temale spawning female Ratcln: tar 5 and 2 Weeks at 12-14°C
e !;;: Incubation Mean Alevin Sire
[} L] L} [} rca Percent Pefcent Leagth eaght
iwg/aql Dayw Natchabil ity Sutvival (ra) 19}
L] | ] [} ]
2.9 3 19 [} Exposurs for ¢ weeks (2 betore and ¢ after hatching)
1.9 ob 10 L ° 310 ' "’ * 0.10
i3 1 ” I~ ] 490 " 7 H 0.3
1]
.. % a0 ) ’
10 9 " (1] 34 6.)0
NELY)
- 1r
° ° . ° 13 38 24 b1 [ ]
[ ] ] ] o b3 1 (11} "% n 0 0.28
1.0 ¢ 1to 7 s 450 3 ? 20 0.24
$.2 109 560 [ 3]
. .
1.0 o 110 s Esposure for 2 wagks (to 2 days belors hatching)
1.4 100 2% 13 L] 300 : 3 ] L B 3% 0.0
.
T 3 "o " 70 1% 0.19
-t h.dified from Hisbet (1376). 10 40 % o - 0.
[§] 90 9?2 (1} n 0.26
13 e " 73 3% 0.2y
33 "0 (13 ([} 34 0.25

SOURCE; Modified from Nisbet ([1978).
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TABLE D.26 Metabolism of Polychlorinated Biphenyl Isomers

Spacies Parcnt Compound Producta

et 4-chlorobiphanyl monohydre xy laced derivative
dihydrony lated derivative

rat 4-chlorobiphanyl 4'=-ghlorc-),4~biphenyidiol
4'echlorc=)-methoxy~4=biphanyidiol
4’ «ehiorc~4-methoxy~)~biphenyidiol
4'~¢chlorc-4~mathexy~), $+~biphanylJiol

rat 14:.2.1 dichiorobiphenyl 17,3 -dienloro-4=biphenyt

rat “c-z.l.s-nr..cnlaraxmnyl "‘"Td"”‘ ‘laced derivative
3* 4 =dindronylaced derivative
3 =hydrox -4’ -methoxyisted derivative
4°*~hydros/~)' ~methoxylated darivative

tag rlcrosotes 2,1° ,4-trichlornbiphenyl nonohyere (ylated derivative

1et H-2,2",3,5'-tatrachlorobipheny i J-monohyd ‘oxylated derivative

rat I4-2,2",5,3' ~caccachlorobiphenyl 2,21',5.5 tetrachlocn=l-biphenylol
tyans-3,4 dahydro-2,3",% % ' ~covra~
¢hlocubip) enyi-).4-biphenylol

rat 1,}'.4,4" ~tacrachlorobiphenyl 2 ard %=mydroxylated darivativa
3 snd S-mydroxylated derivative

1at 140.2.).4,%, 6-pontachiorobiphenyl 3 and 4’-hydroxylated derivative
3' ,4*=-dihydroxylated derivative

rae 2,2°,4.5,5 -puntachiorocbiphenyl 2.2°,4.5. 9 ~pentachloro~)' =

LT A G pentaciloeob s rheny
1.4 b =i, B

cAR L Ay

C e

biphenylol

3.4 ~aihydira-), ¢ -diol

3.2' ,4,5 % ~pentachjoro=-), 4=
biphenylel

motchyltonslated dertvative

[t L N R L RN
R+ THEA A E IU) A R R
sepen 4.Ja A0 tuszyva
e A L RS IR |
N e
Li, st =
P L BRI |



vLMLE D.25 continued

Spetiny Parant Compound Preducts
rat 1.17.4,4'.5,%' ~hanachlorobipnenyl no hydroxylsted producta
Tet “c—-l.i.‘.l',l‘.t'-hunehlaroh:- monohydrony lated detcivative
phanyl
rat 1,2',4,4',5,5 =haxachlorebiphanyl 2,2'.4,4°,5,5 ' ~hexachloro-)-
biphenylol
raubat 4~chlorobiphenyl 4-¢hloro~4'-biphenylol
rabbit 4-chlorobiphenyl 4<chloro-4’'-biphenylo)l
{liver micTo~ 4’ =chloro~),4-hiphenyldiol
sonen)
Tabbit 4,4'~4icniorobiphenyl 4,4'-alchloro~ »biphanylal
J,4'~drcnloro~4-biphanylol
4= ehloto~4~biphenylol
rabet 2,2',5,5 '~cecrachiorobiphanyl 2,21',3,5 ~tetrachloro- 1-biphenylol
2,2°,8,3"~tacrsehloro-4-bipnenyiol
tcans~),4=4ihydro~2,2',5,% - watra-
thloro~), 4-biphenyldiol
rabbit 2,2,4,4',5,% ~hexachlorcbipheny! monchydronylated derivacive
monshydroxy vath chlorine anift
- monohydroxy sathoxyletad derivative
piqeons d~chlorobiphenyl aonohydzozyleted daTivative
1'taeone 4. 4'~diehlerebiphenly sonohydroxyleted derivetive
cang 2,2',%,5'~tetrachlorobiphenyl monohydroxy latad derivetive
yigeons 2.2°,4,4%, %, % ~henachlorobiphenyl no hydeoxylated products
chickans 1,2'.4,4" .9, 3 " -henachlorobiphenyl metahyd: oxylated derivative
pentech orobiphanyl derivative
pentach. ore trihydroxylated
derivet. ve
crout 4-chlorebipranyl no hydrosyleted products
trout 4,4 ' ~dichlorobiphenyl no hydr¢xylated products
trout 1,2',5,%" ~tatrechlorobiphenyl no hydrcxylatad produces
trout 2,2'.5.35 ' ~tutrechlorobiphanyl conjugated merabolites
d-hydrony-2,1"',%,5'-7C8
trout 2,2',4,4',% .5 -henachlorobiphenyl no hydroxyiated metabolites
goat 4-chlorobiphanyl &' ~chlora-d-biphenylol
4'-ehlory=1,4~Diphanyldiol
yort . 4" ~diehlorobiphenly 4,4 '~diciloro-)-biphanyleol
tow t-enlorokipt anyl 4'-chlori-dvbiphenylol

1husus monkay

2,3* .3, 3'“tatrachlorobiphenly

aonohydr. xylated derivetives
dihydrox: iated derivactives
trang- ), ', dihydro-3 4~ dicl
Rydfoxy~ ,4vdinhydro~),4+7C8 diol

mire 2,2'.5.3"'-tacrechiorobiphenly methy lau; fone derivitive

nice pentachiorobiphanly methylsulfons derivative

mice 1,2 ,4.4° %, vhexachlotebiphenyl 2,2 ,4,4',%,5 ~hexachloro=3+
biphenylcl

S LT vodidaced [rom LARC (im pross).

LY



TABLE D.27 Results of Chronic Feeding Studies Using Various PCB Mixtures

Specics Dose PCh Time Ef{ect -
mouse 100e9/9 ranschior 11 wesrs Hepatoceilular gagcinomas: some w.de-
or less 500 spread nodulasr hyperplasis (Nagasak.
st al. 1971, leo ec 8l. 1973
500vq/9 Kanschlor 32 wesks NO slfect (Nagassr; at al. 1972)
J00, 400
1009/ 9 Aroclor i1 monthe Adanofibrosie of liver (Kimbrough
1154 and Linder 1974
J00wq/ 9 Aroclor & months No alfect (Ximbrough 1974)
1354
At 100 & %00 Aroelar ¢ roncths Adenofibrosis (Kimbrough ot el. 1912)
ve/q 1254 —
e - 616 Kanschlor $? weeks lFemales developed neoplisatic nodules <
/9 400 in liver 1Ximura and Gabs 191))
100wq/9 Atoclor 21-21 monthe Incresssd numbaer ef stillbecna and
1260 reduction of fstal weirght: neoplastic
nodules of liver (Burke and Fitzhugn (%70}
100u5/6 Aroclor 1 yesr Mo L{llness;: increaes \n total serum
1354 ¢ 1360 lipads & cholsstarol: #silight increass
in trigiycerides: liver hypertrophy and
focal arsas of hepatocellular degenera-
tion (IARC lin presel)
20 - lo0 Kanechlor 1 waeks * offspring with reduced lsarning sbility
v/ 500 {geststion) (Shaots 197¢)
monkey 1.% - 5.0 1240 ¢ months femalas developed scne, slopecia. srythems
/g and awaslling of syslids: alteration ot
manatrusl cyclessr increased frcquercy At
abortion (IARC {in press|}

14 monthe Males develipad only 8light pariorbica:
oedems and vrythems [Barsott: st al. (i
Nypertrophi. hyperplastic gaatritis,
ulcerstion ond anemaia {IARC {in pressl}

1 months Infents with ovidencs of savers hyperplast.ic
gaatritis and hyperplasia of hair follicle
spithelium .ad spidarmis (LARS [an prsss)!

Chickens S0ug/9 1154 19 wasks Reduced 8¢y production end decline tn
fercalicy {I'laconou and Reiphart (97))
S0ng /) 1354 6 woaks Deformities in neck and tos (Bush ot al.
in iz0 1974}
100vg/9 13% Decresse haichability {(Keplinger et al., .97h)
10ug/9 ¢ weaks Subsutancou . sdems: atrophy of the spleon:
mild mecros 3: congestion and facty -
infiltratioe Of the liver JOV mortility -
third ¢t al. 1970) ~
Miux 10ug/9 1254 4 moncha Douwa tespom e telationshipy 1n depressed
weilght gain  reduced reproduction
{Aulsrich ard Ringer 1977)
5.5 months Mortality occurved {Aulerich and finger 19771
Celican (0dmg 10 weeks Increascd ' 1c af hepatocytes; number of
vaicuoliv= ey hgpatocyta and fumbor of
mitochondrii (Stoce and Creichys 1974
hogs 108uy. g 1200 12 months Males = codi ovd Qrowth ratgo: jucroasng

baver weaghi et elevated serum alkaiing
phesphate {teplinyer ot al. 1771t
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