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, inevitably becoms componente of the environment, Hany of
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which are accumulated by wildlife the chlorinated hydrocarbons f.
'oI biocide 6rtgin appear to be the most abundant. Residue T
»levels in marine fish and birds now frequeatly surpass those

1 Tecorded in terrostrial and fresh-water species (1,2,3). In . '

Cnlitornia. the conccntrntions o£ chlorinated hydrocarbons

W e in pctrols, palngic birdo which do not approach land except 3

@ .

. T:afcas-(l). Other classcs of cnvironmental pollutants whiech ff'”
 -ffL" mlght be sioilarly accumulated by organisms and similarly

. dLuperaod Around the world could be oxpccted to share soma f L s

- A

s uthc globnl ccouyuten.-fl .f'ﬁ,'J-@“f;4 : ;;frﬁt..n e

Pt ,1) )llgh world production. p;'s.'pioducnxon'pt' DT fn 1965 _ 3
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The waste productl of a global technological socfety

" theso waste matcrials have the capacity to {nflict permanent

;_.changea ujon the ecosystem. Among the synthotic pollutants P

Et7 ',to breed on off-shore islanda, are many CLmea‘bighcr than 8

' thosa rccorded in specice inhabiting agricultural and urban

,: or all of the follwing properm- of “the biocide derxvamm

which hnvo contributcd to theit unexpected. distribution in R

Vol. ‘. Nb. [N IWO p-uMnH lby ‘pnumVrdu Nrw \’nl lm o o -,'- .

Ceal o
NS

I

. I .

et 4 WISV Ml 00} 402 aenn g e s aten e de0iee sl S i “a ach Al Gt St el iR o
. DR R SRt - o D . BN co.

STLCOPCB4017659



o ~ © was 140 m{11ion pounds (4). World yearly production is therefore

‘ in the order of 10u grams, only five ovrders of magnituds less

. than the amount of carbon fixed by planta into organic matter (5).
Other pollutants which are present' in ecologically eignificant |
"anounts in the global ecosystem must, like p,p'-DDE, therefore
derive from primary matorials that are produced in comparablo

anounta,

2) Chemfcnl ntabflity. p,p'~DDE, which nayvbc tho wpoet abundant
of the synthotic pollutantes in the cnvironnegt, is comparatively
rasistant to degradation by the usual detoxtticaLLon_mcchnniemo
of vertebrates, to microbial action, and to non-bilologicel
breakdown in the envir;nmont. Its half-14fe, therofore, would -

appoar to ba greater than ten yoars. -

" - 3) Insolubtlity {n water. 'Hate;fsolubié waste products will ba
diluted to a grcater extont xn!:hnlaen and wmay or may n;t be
::) l ‘subsequunth accumulated by organisms. Tha non-polar'nnturo of
,i ‘ .  P.p'~DOE and the other chlorinated hydrocarbonn explains why
. stﬂcy are concentrated {n fat tissue and why-they are present in
greatest amounts in- the tofnina1?§§rnivoren_o£ food chains.

-*+ &) Mob{lity and ncrinl dispersal. Even though vapor precasuraes

of potential pollutants might be very low, the amounts cntering -

.the atmosphere could bocome ecologically significent over periods
1

of time, espoclally when rates of vaporization ara greatly

increased by codistillation with water (6). Incinoration of
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vaporizat
can be fL
fallout,

Amor

. the arocl
Thedr usc
resine de
and regic

Unid
have long
and birds
polychlor
evidenéa:
1) Maspg s
conpoutds
with a c¢or
chlorineé(
as diocid:

2) Retent!

of pcaks !
cannot be
< have rater

are identi

R T DSW

033698 X

STLCOPCB4017660



! TR laL Ghe T GuUTaales

’ . B S 0 S O S 1T O A

s;veote materials would also significantly {ncrecae the rates of
asyasorization §£ aonc compounds., Tha global distribution of DDT

3)can.be'£ully cxplqqud only by aerial dispersal with subsequont

Apong industrial products which meect these crftoria are

. .;u'.'.-.w-,.

!

{ . . fellout, fn conjunction with transport by water (2).
{

'

., khe aroclors, which are mixtures of chlorinated polyphenyla.
cndnedr usaf{ulnges in. the manufacture of many plantics, painta and
scFesing dordves to a large part from their chemical stebility

i)‘?95‘§‘1fF‘QC£;E° §cgrndacioh,_ S O
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vibave, long becn evident in gas chromatograms of extracts of fish

v;8nd birda... Tho identification of wost of .theae compounds as

svidence. a

\

1) Mans spectrometric analyais in Sweden. Mass upectra of

::) ' compounds preaent in extracto of fish and sca birds obtained

chlorine-containing compounds which could not be identified

| ' .88 biocideo were polychlorinated biphenyls (7).

wr m, SoAs G wy.

2) Retentfon times in gns chromatographic analysid.

. of peaks in chromatograms of extrncts‘of fish ond birds which

. fﬁlhava recentlon timas on boch polar and non—polar colyans vhich
\

are idcntical vith those of the principal PCB conpouudo.

The
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oy . ..Unidentifiod peaks produced by halogen-containing compounds

ipolychlorinated biphenyls (PCB) is now based upon the following

vith a combined gas chromatograph-mass spectromater showed that = -

The majority '

.:ﬂ cannoc be tdenctticd as biociden that emorge aftar PP ~DDE R
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~ major peaks produce 'a characteristic pattern on each kind of

-
Ay

coluan. The same pattorns of peaks arc evident in extracts of

vildlife from around the world (1,2,8,9). e

3) Chlorine content. - Microcoulometric analysis ahows that the

compounds-{dentifficd as PCB contain halogens., - -

4) Sapontfication and nitratfon. Unlike the pcaks of toxaphens

{10); p,p'-DDT, p,p'=-DDT, and p,p'~DDD, the PCB peaks arec not
' _ vemoved or displaced by dchydrohalogenation with alcoholic KOH.
Vigoréus nitration carried out at room temperature with fuming
nttrit @eid (11) removes the chromatographic peaks of both PCB
nqd the DDT compounds, but does not destroy the toxaphene peaka,
At 100* the DDT compounds arc tetranitratcd by this procedure -~
-. (12). Tho nltrptcd derivatives vould'no: pass through the
commonly used GILC column,. A nildor nictration process, carried
~ out at 0° with nitric acid rather, than fuming nitric acid,
‘~A-—w~—rdeotroyo the-DDT, but not the PCB peaks. . .

5) Dintributfon in the plobal environment. Concentrations of

. PCB in fish and birds are highcst in such industrial outfalls

- a8 San Francisco Bay and San Dicgo Bay and concentration gradienta

. apparently exist from these areas to regiono more remote (1,2).

A consisténcy in the ratios of p.p}-DDE to PCB among the birds

of s given region suggestad cholexistence of rogional fallout .
'ip;t:orna 1. ?SB has becn found in all sea birde fron.th;

Pacific Ocean so tqr analysed, but they could mot be detected *
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in penguin eggo froam thc;AnEnrchc vhich di{d coantain DDT
compounds (1). N
The roteation times relative to p,p'-DDE, of peaks {n
. chromatograms of oiérncts of fish and birds which are fdentical

with those of PCB compounda in the commercial preparations aro:

DC-200s 1.25, 1.48, 1.75, 2.05, 2.41, 2.50, 2.90, J.41, 3,88,
o 5.53; df{eldrin: 1.00; p,p'-DDD: 1.27; p,p'-DDT: 1.68

Qrelr 1,10, 1.33, 1.40, 1.65, 1.72, 2.14, 2.59, 3.23, 3.88,

6.84; dieldrint 1.49; p,p'-DDDs 1.75; p,p'-DDT: 1.91
* The columns employed were 10X DC~200 and 3% Q¥~1, both on L

.. Chromosorb ¥, 80-100 mcoh and were mailntained at a temperature

e {of 195'. 'Thc'rétentton times of the threc princi{pal pcaks ara

undarlined. The firet of theose, with a retention time of 1.25

f on DC-200 columns cmurgoo with p,p'~DDD. Another major PCB

“ ! poak emergeo slightly later than p,p'-DDT on DC-200 columna.

On QF-1 columns, the compound with vetention time 1.33 emergoes

1)

.,"vith 0,p'-PDT and tho compound with rotention time 1.75 interfcres

\vith ﬁho doterninstion of p,p'-DDD. On this colunn thers is no
intcrfcrenco‘vtth p,p'-DOT. Dieldrin appcars @s a trailing R
shoulder on the #enk with retention time 1.40.

| Ao a rosult of this interféronco, it appoare th&t many .-.'}
gf ;ho valuen df p,p'-DDD, p,p'=-DDT and o,p'=-DDT reported in

'_fecon:'litekatﬁrc are erroncous. Tho DDD valuso é:iginhllx

:.reportcd in Pacilic'cen'birdl;in & papar from thie laboratory!‘,
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1 ) (f;)‘Jeré too high becausc of PCB interference and have
au$§é§ﬁcﬂtly been corrected (1).° p,b'-DDB {0 tha wost abundant
o}\éﬁslbsrléo;pounda in tho environucn: ‘and’ thorc is no -
signiff{cant PCB interferonce in the determination of p,p'~DDE.
Conocquently the total DDT residuea reported in the past, before:
tpc extent of PCB intorference was known, would not be greatly

changed after correction for this interfercnce. o,p'-DDT, which

has buen ehown to be an active estrogen (14,15) ia present in

ot bt e . ageram e

Y 4 ]' very low emounts in the slobnl environmunc. although o,p -DDE

is comparatively nore abuadant (1,3),

When both DDT and PCB peaks are present in chromatograms,
iilthc clue to the relative amount of PCB comes from the height
" ' of those PCB peaks wvhich do not interfere with any of the DDT

’ \&\ cocpounds. With the exception noted below, the three major

“.),' jv peaks usually have approximately the same height on chromatogranms

' - ﬂobtnlnod with an clectron capture dotbctor. If the peak with
"rctcntion time 1.48 on DC-200 columne is npproxinntely'an high
J. . .as the "DDD" and "DDT" peaks, no or very small amounts of

- 82 o
"¢  p,p'~DDD and p,p'-DDT aro preasent. When one or both of theas

.ﬂ ' 1,48, the amount of p,p'-DDD and p,p'~DDT can be ectimated from -

the changes in pcak height with saponification. Tho saponifi- -
cation procedu£e 1o iapid. and -eince only - .relative change in

peak hoights ie dotermined, it need not be quantitative, 45
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'allquot of the oxtract is refluxed for approximatclyIS.anutcs
! :

- - in cthyl alcohol with 53X KOU, to which hexane and cancentrated
aqucous NaCl golutiom arc added {n turn. Chromatography of
!

_the hexano layer shows that the p,p'=DOD and p,

. B S A § ¢ oo

p'-DDT peaks
have been displaced, but the PCB poaks are unéhnngcd. The
contribution of PCB to the peaks of the original chromatograms

can thereby be estimated, provided the datector reaponse s linear.

(ié>.h\?gn\hnnhpgqn“nhown,to_be & poverful 1ndu§or of steroid
u;hydyq;ylg?cp‘;n birds .(1) and, with p,p'~DDE,/ may therefore be
d?pgg;iully rooponsible for the aberrant calcium physiology
gi°359r7°? in spcciea of raptorial and fish-eating birds which
cAccunulate chlorinated hydrocarbons (16,17)...

."”thut the PCn,in human food supplica would tﬁduce Eho.aynthosis

It 18 probadble

of coapnrﬂblo enzymes in man. .

Y

Sano At Lo highly‘unllkely_;hqc primary standards of

1nd1viduul PCB compounda will be avnilabla in the foreseeadble

1_fu;ureﬂ_th$ qunntgiigp;}9p“grqged9qca. like those for toxaphena
(10), aloo & mixture of.polychlorinated compounds, must for the
L,p':'cau:m: bc,approximaco, The quantification procedure we have

> PJCd (1, 2) 13 based ptimurily upon the.determination wich a

[ T LN

microcoulomctrtc dothctor of. tho total chlotino contcnt of the

Coon TN

PCB compouq?a cnetging after PP '-DDE. . Tho, chtOmaCograms of

. figh and bird extractp most. closely. rossemble; those produced ,

\ L i\-u .

R v§bgv§oumorc£al .arocloy which hsq_agﬂayqugq;ghlopine content ' E

\ . . Co b

’ " as the "DDD" nnd-"DDY{\pcn&s,_no or very smnll maoeals.al |
‘p;p'-DDD and p,n'=DDT. J¢t proseat, “Wuwn wne or pptb-n{ RRER ff

. . . it e e e e N ‘

peaks i3 velatively highek than 'W§.3“° seak WSLvhoveiosilt. ooy 1

1.43, the arount of p,p'-0 _5'd O, p'eIUT aan e wallo.
\ the chnnic; {0 woar hedehIoattn wpanidesanien, Y f
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! .Of 54X, PCB concentrations in fioh and birdo were thercfore

dorived from'the chlerine values by assuming that the chlorine
lcontent wao alno‘561;"Thid-procoduro would occasionally include
. other chlorinated pollutants with the PCB. It may, howvever,
..be mora meaningful to measure total grsanlc chlorine (18)

.of non-blocide origin in tissuca of wildlife than parts per

million concentrations of individual compounda, Tuis might

be & bottar index of physiological effocts such as enzymo

e mw it e s eyl . s e e .

“induet ton.
Since we do not yeot have in our laboratory the permanent
. use of a microcoulonmctric detector, wo have had to depend upon
.elactron~capture for routine qugntiticntion of PCB. Each PCB
-t, compound was initially assumed to produce tho same peak height,
with the electron capture detector, as an equivalent gmount of
< p,p'~DDE. Amounts of sample injected into the gas chromatograph
vore adjusted in order to fall within the linear tckp;nac ‘
range of the electron capture dutcctor. The ngﬁunt of total
PCD considered as p)p'~DDE was then multiplicd by a factor
";h;ch would yield a value cquq}'to that obtélncd with a micro-
coulometr}c,detoctér. Ihgs'proc;dure yan.yériodicnlly chcckeq
by electron cnpture‘détcrmln;tion‘of scandﬁrd PCB nixtures, S

Although thie method yields approximate results, it does

. \ ' N
perait accuratec detarminations of relative concentrations., It

T \ .
has shown that ‘some spocies of birds, notably certain raptorial
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awccxco, ohcurvu:crs And pc:rclo, accurnulate high conccntrntlone

of PCB (1). Terminal carnivores of food chains may accumulate

and concentrate the PCB present in prey species (1), It has

also shown ;hnt regional fallout patterns exist (1), with highest

TR

concentrationa in industrial regiona.

wy

Tho PCB conjound vith retention time 1,25 on DC-200 columns

e

nnd 1. 33 on QP-l columnn produccs one of the pronincn: peaks in

chromntogrnms of extracts of fioh and birds from San Frnnctaco

Copte e

Bay and ln.thq conuorcial mixtures, yet it 18 not prosgent, or

, 18 prescnt ia rolatively low amounts, in extracts of birds from
'ghc Culf of Caltfornia. PCB in this area must derdve from

’ acrial tallout. since thore are few industrial areas in Baja

sy

Cnll(ornln or Along tho coast of western Mexico.

Loy we

wc‘thcrefora

tested thc possibilicy thnt this ¢ompound might have been

Wb e ae

aolectivcly dcgrnded by ultyayioggt.light”duging 1:3 transport

1n tho ntnoophcrc.. Stun§nrd PCB solutions. in hexanc warae !

(SR e e - RO SN I

evaporated to drynces in Pctri diehcs, or were applied to Petrd
N O N T T ‘

dishon contnining either water of JX NaCl solutfon. Ihcyfvcro_
B, e VA e R x . . ,

then 1trad1nted nt a dietnncc of 4 1ncheu with a l5-watt

e )iive

gernicidal Jamp cnitting ot 2537 l . In each casc.;he pattern

)

of peaks on the chromatogrnms of the 1rradiated PCB waa’

l Noae v darlvan

esoentinlly unchangcd, cxcept £ot & relative, reductionzin tha

Gliaw I AU ke a1 selsber ¢ teras tear tetia o terfe

height of thin peak.

\.v s ate Wt a et

Thc effcct was_mora pronounced vhen PCB -

wna lrradiacad on tha nqueoue aurfaces.
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of tho Aroclora.

Acxnoulodrcmonts
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Tho National Scienco Foundation (GP6362) provided
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