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vhich ere accumulated by wildlife the chlorinated hydrocerbons '

ﬁ..chcngcc uéou the ecosystem.

" inevitably becoma components of the environment,

of biocide drigtn appear to be ths most abundant.

.-{"rcheuc vaste materials have the capscity to inflict permansat

Among the synthetic pollutants

The waste productl of s global technological society

Many of

i

Residue '

-levsle in marine fish end birds now frequeatly surpass those

recorded fn terrestrial and fresh-water species (1,2,3). Ia -’

|

V'ixgh: be dintlnrly nccuuulahed by orgnnisns and similerly

f dtlpcrled around the vorld could be cxpcctcd to lhlro nanc f

fﬁff-in pacrclo, pelagzc birds vhich do not approach land exeept
‘ ‘?;o breed ou off~shore islanda, are many ttnel'higher thaa
. those recorded in species inhabicxngrtgricultutal and urban

:Tiafealw(l). Other classcs of cnvironmental pollutants which 2

: L.
":or all o( thc following propltti.l ot the bioctdc dartvativto

l

uhich have conttibuccd to thoir uncxpcct.d diltribution.iﬁ e

;i chc ;Iobnl ecoay.tnn. T:

?l'_l) ;gh world ggodgction.

o -lknrlhol &ﬂm-lul C«vﬂunmlbol'rnh\ohy - ‘_.'-
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_\
breakdown in the environment. Ite half-1ife, thcrefore, would -

wvas 140 million pounds (4). World yearly production is thorefore

in the order of 10n grams, only five orders of magnitud: less

. than the smount of carbon fixed by plants into organic matter (5). °

Other pollutanta wvhich are prusent in ecologically significant

‘anounts in the global ecosysten nunf. like p,p'~-DDE, therefore

derive froa primary materials that are produced in comparable

aadunte.

2) Chemicnl stabiliey. p,p'-DDE, thch nay.bn the most abundant
of the eynthetic pollutants in the environne;:. is comparatively |
rcalstant to degradation by the usual detoxification mechanisns

of vertebratas, to microbial action, and to non-biological -

f

appear to ba groater than ten yesrs. .-

" -3) lnsolubflity fa watcr, ‘Water-soluble vasce products will be

can

.diluted to & greater extent in,the see and may or may not be

subsequently accumulated by organisms. The non—polnr‘nature of

p.ﬁ'-DDE and tho other chlorinated hydrocarbons explains vhy

”chey sre concentrated in fat tissues and why‘:hey are prescent ia

greatest amounts in the :orninnllﬁarnivorca>ot food chsins. o

4) Mobility and nerinl disperaal.

Even though vapor pressures

vaote mar
vaporizat

can be fu

" fallsut,

Aor.

. the arocl

Their usc
resins de
and vesia

Uaic
have long
and birds

polychlor

evidence.

1) Masg a;
compoutrds
with a cor
cylortncé(
ae btoéid«

2) Reotent!

of potential pollutants might be very low, the amounts entering - of peaks 1
.tha atmosphere could bccome ecologically significant ovar periods cannot be
of time, especially vhen rates of vaporization are greatly f . - have rater
increased by codietilletion with water ;6).1 Iacincration of are identi
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s;vaote materials uoulﬁ also significantly incrccee the rates of

azVvaporization of soae compounds. Tha global discribution of DDT

3;gnq:bf_fu{}y_:§plg{qu only by aarisl disparsal vith subsequent

a.fellout, inm conjunction with transport by water (2).

suson,. ADO0g industrial products which mect theae criteria are

?.Shc,aroclor’. vhich are mixtures of chlorinated polyphenyls.

tuihelr usafulngss in the manufacture of msny plastics, paints and

ocFesiog decives to a large part froa their cheaical stabilicy

<)and. vesistance. to degradatiod. .. i

ot . ..Unidentified peaks produced by halogen-containing compounds

- yihave.long beea evident in gas chfonitograns of extracts of fiah

oand birde... The fdentification of most of .these compounds as

© .ipolychlorinated htphcnylh (PC3) 1s nov based upon the tpllowtng‘j

saesr amwe

evidence. 3
1

1) Mins spectrometyic analyafs in Sweden. Mass vpectra of

cowpounds present in extracts of fish and sea birds obtained

with a combined gas chronntogénpﬁ-nanl spectrometar showed that

chlorine-containing co§p0undl vhiéh could not be idcnﬁtficd R

.88 biocides wcre polychlorinated biphenyls (7). : -

2) Retention times i{n gns chromatographic gnalysii. The majority '

. of peaks in chromatograms of cx:ructo"of fish'and birds which }

"ﬂ,cnnno: be xdcntittcd as bioctdeo :ha: cncr;c after p,p -DDB

' fl'havc tcccnttan tines on bo:h polar aud non-polar coluans vhich
\

are 1d¢attcal vtch :ho.c ot the pttnetpal PCB couPOundn Tha
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z'~ﬁ——fdaltroyl the-DDT, but not the PCB peaks. . .

- as San Francisco Bay and San Dicgo Bay and concentration gradients f i{nterferer
. - apparently exist from thcse areas to regions more remote (1,2). o shoulder ¢
A consiaténcy in the ratios of p.p;-DDE to PCB among the birde i As a
of a given region suggested ths existence of rogional fellout . '~ of che val
" patterns (1). PCS has becn found in all aea birds froa the ' . recent 1ic
. . . N : e ) \
Pacific Ocean 'so far analysed, but they could not be detocted *© . y
. w90 tar yeed, they ° . ; . reported i
";. . ..- I..' - '.- ' . _‘ l‘ _» ‘ ) _.. . ‘ . !.
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major pcaks produce ‘a characteriatic pattern on each kind of
coluan. -The same patterns of peaks aro evident in extracts of
vildlife (ron around the world (1,2,8,9). et

3) Chlorinc content, - Microcoulometric analysis shows that the

compounds-identified as PCB contain halogens.

&) Sﬁpnnlftcatina and nitratfon. Unlike the pcaks of toxaphens ‘

/

(10); é.p'-DDT. P.p'=DDT, and p,p'=DDD, tha PCB peaks are not
’ , vemoved or displaced by dechydrohalogenacion with alcoholic KOH.

Vigoréua nitration carried out at room temperature with fuaing

attrid acid (11) rewoves the chromatographic peaks of both PCB

lqd the DOT compounds, but does not d;etroy the toxaphene peaks.

At 100° the DDT compounds are tctranitr;ted by this procedura ‘-
- (12). The nitrated dcrivatives would.not pass through the e
coemonly used GLC colu:np. A wilder nitration process, carried
out at 0° with nitric acid rather than funing nitric acid, -

$) Diancribution {n the global environment., Concentrations of o,

- 'PCB in fish and birds are highest in such industrial outfalls

in pengui
compounds
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in penguin eggo from :iuf.;n:'.rcu,e which did coatain DDT

_ compounds (1), . | ’

The reteation times relative to p,p’'-DDE, -ol peaks {n .

. chfo-ntogrc- of oiérnctl of fieh and birds wvhich are identical
vith those of PCB-co-poundu in tha coomercial preparations ares
DC-200: 1,25, 1.48, 1.75, 2.05, 2.41, 2.50, 2.90, 3.41, 3.88,

. 5,53; dieldrins 1.00; p,p'-DDDs 1.27; p,p'-DDT: 1.68

" qrels 1,10, 1.33, 1.50, 1.65, 1.72, 2.14, 2.59, 3.23, 3.88,
| ‘.86; dieldrin: 1.49; p.}'-DDD: 1.75;-p.p'-DDT8 1.9

° The columna employed wcko 10X DC-200 and 3X QF-1, both on e

;- Chromosorb W, 80-100 mcoh and were maintained at a temperature °

. " of 195 ' The veteation timea of tha three ‘prtncipal. peaks are

uvaderlined. ‘rhal ficst of these, with a te:en:ton:um of 1.25

f._on DC~200 columns cmerges with p,p'=DDD. - Another major PCB

'.1pe¢k energee slightly lltor'tﬁdn-p,p'-bbr on DC-200 columns.

%-: On QF=1 coluzmns, the compound with vetention time 1.33 aomcrgos

‘ :' victh 0,p'~DDT and the compound vith rdcent|ion time 1.75 fatorfores

\vith the determination .of p,p'=DDD. On this colunn there is no
1nter£urence'wtth p,p'=~DDT. Diold}inlappearl as a trailing :l_r

_ phouldef on the ;cuk with rotention time 1.40.

As a rosult of this htuﬁuncc, it appoars that many

,4°£ the values 6! p.p'=DDD, p,p'-DDT and o,p'~DDT reported in
P . \ -

L . i . - .
.recent literature arc erroneous. Iha DDD valueo originally

. reported in Pacific¢ eea birds in & paper from this laboratory . .

—
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(13) Qerc <00 high becnuue of 'PCB intorference and have
oublequentty bcen corrected .- p.p'-onz is. ;hc most abundant
o}‘ég;‘aatico-poundl 1n ‘the “environment and’ there 1s no
significant PCS interference in the detcraination of pop'~DDE.
Conscquently the total DDT residues reported 1n;thc past, betorc:

the extent of PCB intorference was known, would not be greatly

—-— e ———

changed alter correction for :ht- interfercnce. o,p'-DDT, uhxci

has baen shown to be an active cntrogen (14,15) 1is present 1n

S E e ew ey vewayenn ——

I';' vcry lov aoounts in the slobal envxronucn:. although o,p -DD!

is comparatively more sbuadant (1,3).

| When both DDT and PCB peake are preosent in chronn;ogruun.‘

_ Jiltkn clue to the rolative amount of PCB comce from the height

o f_'_ot those PCB pesks which do not interfere vith any of the DDT
\\\;l co:poundu; With tha exccption noted below, the three -ajqr

) :‘ ppak; usually hava approximately the same hefght on chronnco;ra-n-_
“obtained with an alactron capture datuctor. If tho peak with '

il'rctnntton time 1.48 on DC-ZOb columns is approximately as high
_aa che "DDD" and "DDT" peaks, no or very small amounts of

L~ .
. -
"o ' Psp'~DDD ond p,p'-DDT are prescnt. When one or both of these

peaks is relatively higher than the PCB peak vitl retention time

" 1. 60. the amount of p,p'-DOD and Psp '«DDT can be catiuaccd tro- :

1

the chnngol peak height with oAponitteation. Tho sapoaifi- -

: caticn proccdurc is rnpid. end -eince only 4 .relative chanso in

ponk heights 1is d.tcranCd, it nccd no: bc quunticativ.. Ai

- - .« . - e - * meo
* oewea’ \-.-.- e e eas L L e . € mer

m e ——— - tm—— o

<Ll o . . - T
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aqueous NaC
the hexane
have been ¢
con§ribut1o
can thereby
PCB ha

hydroxylasc

< partially ¢

" that Ahe PC

of é&nparch
/  Since
individual
future, the
Q10), aho. :
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'altquot of the extract is refluxed for approxina:oly’aninuten
! /

- 'in ethyl alcohol with 5X XOil, to which hexane and concentrated
aqueous NaCl gsolution ara added {a turn. Chromacography of

_the hexana' layer shovs_that the p,p'~DOD and p,p'-DDT peaks

have been displaced, but the PCB poaks are unihnngeq. The

contridution of PCB to the peaks of the original chromatograms

can thereby be estimated, provided the detector response is linear,

13) . FCB has been shown to ba a poverful inducer of steroid

s hydroxylases ia birde (1) and, vt;h;p,p'-DDEJ-nay therefore be

cfpeg;inlly taoponsible for the aberrant calcium physiology

,iobserved in spccles of raptorisl and fish-eating birds which

e

accusulate chlorinated hydrecarbons .(16,17). . It. is probable

Co..o ¢
"chac thc Pcn_tn husan food supplies would iaduce ihe.lyn:hcaia

a0t conpnribln _enzymas in aan, .

------ e b

.1__.LHS}ngq_gtltu.htghlydunlikqu”;hqc primary standards of

v‘;ndtv;¢ual.?§§_qugqgndQ.yill_bg,avniinb;c in the, foreseeable

tu:ura, thc quanttiica:io& procedures, like thosc for toxaphcne

wat,

'y
o

preaen: ba approximate,

l\ Cak

uaed (1 2) 1- based primarily upon the.determination vith a

[N

Ihgﬂgqantgfiqntion procedure we hav._

ntcrocoulomotrlc docbctor of. the total chlorine content of the

Cun teene .

PC! conpouq?- encrging after p,p. -DDB._ Tho, chromntogranl of

(Y] TRV

fiah anddbxrd .xtr.ctl most. cloacly ressembla; :hole produced

[\ VR T WY

ha ounercial aroclor which pan an Avoragc chlorinc content -

'L; c-\u.lv [T

as the "DﬁD" nnd uJ M poaks,. Ao or Vt’j sanll .‘001 LR

p.p '<-DDD and p.p_-DDT.J‘ ‘pro3ent. ‘ﬁﬁ.Jx wna oF bn.n o :E{;c

hinh

peaks {3 velatively wig than ey 203 peak aizh :e;.;L;:. R
1.43, the acount of p, ' =009 ~nd O,n'=00T7 caa se walar.
. A )
: . . ..‘. - o
the cnanacs In soak heisnl wita 3 Jioamis AR
- e Dk i LA 2 B et LAt SRR duniv M S A gt Aaast Shaih etaal hia )
o A . R
- cof N RIS Y]
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_"Bt‘SAZ;"PCB concentrations in fish and birds were thercfore
dorived froa'the chlorine values Ly assuaing that the chlo;ine

, Jéoatenc was aloo‘562.“'Thio-procedurc would occasicaally {nclude

..other chlorinated pollutants with the PCB. It =may, however,

..be more mcaningful to mcasure total srgnnic chlovri-. <1

,-of non-blocide origin in tissucs of wildlife than parts per
1milldon concentrations of individual compounda. Thie might

. be & better indax of phyeiological effects such as enzyme

N ——— et 4 p = v e e c———— e ¢ -~ . E

induction.
Since we do not yet have in our lsboratory the pernuneat
. wee of a microcoulometric datector, we have had to depend upon

_elactron~capture for routine quantification of PCB. Each PCB

: compound was initlally assumed to produce tha saze peak height,

with the el:ctron capture detector, &8 an equivzlent aazount of

T pP,p'~DDE. Acounts of sample injected into the .. .. > ~tograph

wore adjusted in order to fall within the linear responsc
. range of the e¢lectron capture dutcctor. The amount of rotal
PCB considered as p.p'-DDE was then multiplied by a factor
'.;h;ch would yield a velue equal to that obtained with a micro=
_ coulometric detcctér. :h;llproc;dure was pcriodicolly chcckaq
by electron cuﬁturcrdétcrnination'of standard PCo ~. o s,
Alchough thil.ncthoﬂ yielde spproximate results, it does

. A . "
perait accuratae detorminations of relative concentrations. It
A .

s \ . _
- - ~has shown that ‘soms spocies of birds, notably certain raptorial

PR T B R r-Thy

lpccitl.A
of PCB (J
and concc
also shov
- concentrn
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Bay and |
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aerial fa
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in the at
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epecies, ohcanAtcrl lnd pctrel.. accurulate high concentrntlono

[55t-

of PCB (1). Terminal carnivorcs of food chains nmay accumulate

and concentrate the PCB present in prey spccies (1). It has

:}lg shown that regional fallout patterns exist (1), with ﬁlgheu;‘

concentrationsa in industrial regions,
["Y S o . s ..

... Tha PCB compound with retention time 1.25 on DC-200 columnlf
and 1.33 on QP-1 colusns produccs one of tha prominent pcaks 1n,-
chromatograms of extracts of (glh and birde from San Francisco

f e e

lny end in the commercial mixtures, yet it is not preacnc, or :

is present 1n rolntlvely low amounts, ia extracta of birdes from

Tl e e

.she Culf 9( California. PCB 1n this arca wust derive froa

T acrial fullout. sinca thore are few {ndustrial areas in Baja

A A 1L

Collfprntq or along thq coast of western Mexico. We therefore

tested the posulbiltcy thact this compound might have been

Uost. sde ae cean asen

qclqc;tvgly dcgtudcd by glc;ayiq}gt.lighc_during its transport

in the atnoophCKC.. Standard PCB solutions in hexane wara

Vel csa v asbes,

cvnporatcd_to drynieas in Pctri dishos, or vere applied to Petri
Waeeie Bt el e Mo it e e e e . e )

dilhou contuining either vuteg”og_QZ'NoQL solutfon. Jhcyfwercﬁ"

then irrndtnted at a distance of 6 inches with a 1l5-watc

P L LR,

gernicldal laup c:ittlng at 25317 X .In each casc the pattern

BV TY IS O

of peaks on thc chronatogtams of the 1rtad1aced PCB vnl’

AR R

elocntially unchanged. axccpt for a relative reduction:&n the

claau ‘ a4

height of thin pcak. Tho szcct was. more pronounced uhen PCB -
&v PEYTTR S PSP T V) IS, .
wal 1rrud1-ted on the nqucous curtlcas. ;$}i e

vy ua\.usu-l. CaAPLUTS e . .. .'...‘l.

.\lchcur,'n this\i-.._-:'.‘..-.: vielias '.-.p;-..'o::-.-:.:.zu jeNaaal

skt

peralt accurate Jdotes\:

- han &agda tual some spoel
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