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e night be amuarly accuaulated by otganisms and similarly

or all of the Eollwing proparciea of ‘the biocide derivacivea )
?fl uhich hnve contributcd to their uuexpected distribution.in ""

: :’;.4:he globul ccasystcm.f.“--_rf'_'f"i.z._:-...'-'-::,_,'-' ‘f;'._;:!'f’--;-"_.
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The waste products of a global technological society

inevitably becoma components of the environment. Many of

=+ these waste materials have the capacity to inflict permanecnt

~.changes upon the ecosystem. Among the synthetic pollutanta

which are accunmulated by wildlife the chlorinated hydrocarbons

: of blocide origin appear to be the most abundant. Reaidue .‘;

'7'-1cvcln in marine fish and birds now frequently surpass those

yvecorded in terrestrial and £rash—vater species (1,2,3). Ia -~

Cnlitornla. the conccntrntiona of chlorinated hydrocarbons

Tn pctrcla, pelngic birdo whi.ch do not approach land except fi '

';__'yto breed on off-ahote ialandu, axe many times’ higher than

~ those recorded 1n.spcc1ca inhabiting agricultural and urban

‘,W?:afcas‘(l). Other classos of cnvironmentnllpollutancs which S

B diaperacd nround the uorld could be expccted to share some ;

I

4o

?ifrl) ngh uorld production. lU;ﬂS.'prbdﬁctionlpf-DDT 1011965
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:7 vas 140 mfllfon pounds (4). World yéarlf produdﬁion is therefore waote mar
in the order of 1011 grams, oaly five orders of magnitude less vaporizat
: than the amount of carbon fixed by planta into organic matter (5). - can be fu

Octher pollutants which are present in ecologically eignificant | " ‘fallout,
" - amounts in the global ecosystem musf. like p,p'~DDE, therefora | Amor.
’dcr;vo from primary materials that are produced in comparable - the arocl
azounts. . — Their usc
2) Chemicnl stabil{ey. p,p'-DDE, which mayrbc the mpst abundant rcsing de

of the syathetic pollutants in the cnvironmeSt, is comparatively and resis
reefstant to degradation by the usual detoxifica&ion'mcchaniamo Unid
}of vertebrates, to microbial action, and to non-biological havcrlong
.breakdoun in the cnvirgnmegt. Its half-life, therefore, would - and birds
' 1' appear to ba grcater than ten yearg. .« polychlor
-3) Insolubility in wntcr..:Hatcf;ég;uBié waste products will be ' -evidenéez
‘diluted to a greater ci:;azfiﬂ;;he.sen and may or may n;E be 1) Mass s
;subsequcncly accumulated by organisms. The non-yolar.naturc'ol compounds
:"p,ﬁ&éﬁs 5 rd’fﬁo other chlorinated hydrocat§ona explaing why with a cor
?tﬂcy are concentrated f{n fat tissue and why they are present in ° ébloring¥<
" greatest amouﬁts in the té;minalrg;rnfvorea of food chaine: . as biocid:
45 Mobilicy and nerianl dispersal. Even though vapor pressures 2) Retent:
~of Pocancinlipollutanca might be very low, the amounts entering * of peaks I
'.l.:he atmosphere could become ecologically significant over per;odp connot be
of time, especially when ;ateq‘of vépariza;ion afc greqply | j't have reter
increased by c;aiatill;tion vithsvaCei.ﬁ6);1-1ncincracion of X are ideati
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. of peaks in chromatograms of extracts of fish and birds which CF

TUIA0 W o GamnaebdiTas s O Tl seaee fetienl. .
.
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:}yqote haggr;alu would also eigniticentiy incresse the rates of
Jﬁyépgr;:agion_qf sonc compounds. The global distribution of DDT
3)‘““1bf.f?{;y;ff?1ﬁ‘FFﬁ only by aerial dispersal with subsequent
g.fallout, in conjuaction with transport by water (2).

sl AROOE Lndustriai,produc:q which nﬁct these criteria are

»,%he aroclors, which are mixturcs ;f_chlqginntcd polyphenyls,
tidhedr usefulnges in the manufacture of many plastice, paints and
~cFeaing decdvos tq 8 largo part from their chemical stability
{)end.rcafstance. to degradation . e T

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

- yibave, long becn evident in gas chromatograms of extracts of fish

o;ond birds... Tha identification of most of these compounds as -

.i:polychlorinated bipheayls (PCB) 1s now based upon tha following -

evidenca. ) \
\

1) Mans spectrometric analyals in Sweden. Mass spectra of

compounds preasent in extracto of fish and seca birds obtained

with a combincd gas chromatograph-mass spectrometer showed that - o

r,chlorlnc-conCulningréaépounda which could not be identiffed 3":?'

2) Retention times in pas _chromatographic analysii, = The wmajority ° .

1

Alzf}.have tetenciaé times on both polar and non-polar columns which

A\

" are identical with those of the principal PCB compounds. - The

y—

as bilocides were polychlorinated biphenyls (7). S

5

-7 cannot be idcatified as biocides that emerge after p,p'=DDE - . i
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' major peaks produce ‘a-characteristic pattern on each kind of

N .

colunn. -The same pattorns of peaks ara evident in extracts of
wvildlife froa around the world (1,2,8,9).

3) Chlorine content, - Microcoulometric analysia shows that the

compounds-identified as PCB ‘contain halogens. - -

%) §$pnn(f1cacinn and nitration. Ualike the peaks of toxaphene

(10), p,p'=DDT, p,p'=DDT, and p,p'=DDD, the PCB pcaks are not

: _ removed or displaced by dehydrohalogenation with alcoholic KOH.
Vigorous nitration- carried out at room temperaturc with fuming
nitrit &cid (11) removes the chromatographic peaks of both PCB
aqd the DDT compounds, but does not destroy the toxaphene peaka.
At 100° the DDT7compounda arc tetranitrated by this procedure

.‘ (li). The nitrated dcrivatives would.no: pass through the
commonly used GLC columng. A milder nitration process, carried
out at 0° with nitric acid rather than fuming nitric acid,

~ :
‘~£—-—-——deatroys the-DDT, but not the PCB peaks. . .

$) Diastribution in the global environment., Concentrations of

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

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

. A congisteéncy in the ratios of p,p'-DDE to PCB among the birds

" .~" of a given region suggested the existence of regional fallout . ™'

h patterns (1). fgn'haa becn found in all sea birds from the

Pacific Ocean'so far analysed, but they could not ba detected * i

o
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- a8 San Francisco Bay and San Diego Bay and concentration gradients -
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} « . 4in penguin eggs from the’ Antarctic which did contain DDT

cozpounds (1).

The roteation times rcl#uve to p,p'-DDE; of peaks in . . -

_:-f chronatograms of ciétactk of fish and birds which are identical . L 147/

. with those of PC8Acompoundu in the commercial preparations arve:  . ; { |

| DC-200: 1.25, 1.48, 1.75, 2.05, 2.41, 2.50, 2.90, 3.4, 3.88, F
" 7 5.53; dieldrin: 1.00; p,p'-DDD: 1.27; p,p'~DDT: 1.68 \ E
7 Qqeels 110, 1.33, 1.40, 1.65, 1.72, 2.14, 2.59, 3.23, 3.88, . o
' '::7 . -4‘.84; dieldrin: 1.49; p,p'-DDD: 1.75; p,p'-DDT: 1.91 .
. '-Thc colu?nu employcdrue;c 10X DC~200 and 3% QF-1, both on o #

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

;f:°£ i95'. ;Thezrétention times of-; Qteebﬁrtncipal peaks are :
JREE underlined. Th; first of these, with reténtion:tima of 1.25 .
.-f.:on DC~-200 columne cmarges with p,p'=~DDD. Another major PCB . o 3 ;- *
:\i‘;f :f.?penk energcn alighcly latctfthAn'p,p'—DDT on DC-200 columns. _ - ; { ., |
fj: ;,';On QF-1 columns, cho.compound with vetention time 1.33 cmecrges E '
f.;"vith 0,p'-DDT and the cozpound with retention time 1.75 interferes
. };vitﬂ ihd detcrninutiqn.of p.p';DDD. On this colunn there is no ;
interfcrencc‘uith p,p'=DDT. Dieldrin appecars as a trailing - . !*4 )
‘shoulder on the ;eak with retention time 1.40. - L [
:}::l - As a Ttesult of this intcrfércncé, it appears that many ‘~;:,_ §
-"qf the values 6? p,p'=DDD, ﬁ,p'-DDT and 0,p'-DDT rcported {a =~ | é
ZEQeccnt'11§e¥at;rc are erronequa.' Tia DDD values ériginﬁllx E
l.raportcd‘in Paéitic bea.birdstin a paper from this 1aborntoryi»,.. o - E
" 3
. ST ey Jt '
i it "?HFW'T“Tf?!fﬂﬂ“”THFFT:: R TETTY w"~>—aﬂrth!-M§T—v»-w- ™ :
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{13) uerc oo high becauae of PCB interference and hava

lubacqucntly bccn corrected (1), p,p '~DDE ia ;he woast abundant
reparted a o

of the DDT‘conpounds in the cnvironncnt ‘and’ thcre 48 n0 -

significant PCB interfercace in the determination of p,p'-DDE.

Conscquently the total DDT residues reported in the past, beforo;

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

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

v ,

()

has been shown to bc an active eatrogen (14,15) is present in

ety van to m—— g

vcry lov amounts 1in the global environmcn:, a¢ch0ugh o,p -DDE

is comparatively more abundant (1,3). -

When both DDT and PCB peaks are present in chromatograms,

". the clua to the relative amount of PCD comes from the height

" of those PCB pcaks which do not interfere with any of the DDT

cocpounds, Wich thn’éxception noted below, the three major

peaks usually hdvc;ipﬁroximncely':hc same height on chromatogramse

“obtatned with en alectron cupture detector. Tf the peak with

':'.rctcntion time 1.48 on DC-200 columns is npproximately as high

.
L4
N

-as the "DDD" and "DDI" peaks, no or very small amounts of

P»p'=DDD and p,p'~-DDT are present. When one or both of these

peaks 18 relatively higher than the PC3 peak witk retention time

1, 48 che amount of p,p '«DDD and p,p‘-DDT can be estimated from

.the chnnges in peak height with aaponificacion. The saponifi= .

\

- cation procedure 1is :npid, and -@ince only -a -relative change in )

D T I,

peak heights is datermined, it need not de quantitative. 45

s - & PP b Sdnsadt ot e e e e

<

— ———t — _—
.

e R SRR

aliquot of.
in ethyl a:
aqueous Nal
the hexane
have been ¢
contributic
can thereby
PCB ha

hydroxylase

< partially ¢

observed An

&ccunujate

. that the PC

of_éémparab

-, Since

- individual -

future, the
{10}, alss-
present be
used (1,2)
microcoulom
PCB compoun

fish and bi:

'by :hgtcoug'
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Vvindiviﬁual.PCB‘qqppqgndq.y1}1‘bg.avaiiab%e 1n_:hc)foréeeenble

“pap’ -DDD aud p.p_-DD?gaﬂ* ‘preseat, SKin one or bn‘ -,f

1.43, the amount of p,p'-

aliquat of the extract is refluxed for approxiﬁatclyls.ﬁuhu:ca
1

i

- in'ethyl alcohol with 5X KO, to which hexane and concentrated

. . : I
aqucous NaCl golution are added in turn. Chromntbgrnphy of

‘the _hexane ‘layer shows that the p,p'~DDD and p,p -DDT peaks

have bcen displaced, but the PCB pcaks are unchanged. The
contribution of PCB to the peaks of the original chromatograms

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

(fn)‘LL?QB\haahpqqn“ahown_to_be a powerful inducaer of steroid
,.hydroxylases {n birds (1) and, ui;h-p,p'-DDE;rnay therefore be
,anr;inlly,;gqgoqgible for the asberrant calcium physiology

_.observed in specica of raptorial and fish-eating birds which
Dh, ea. s . -

' accunulate chlorinated hydrocarbons .(16,17).. It is probable

tha: the PCB An huwman food supplica would induce the .synthesis

,.n\

ot compnr&blu enzymes in man.. -

------

Sincc it is high}ydqnlikqu';hqc primary standards of

iﬁn;um,(_l'.hcz/qt_mnI:.1‘15_1<':.c_|'l:'1_..o.n_.p}:o\c‘e.:l'u_r'c:a, like those for toxaphene

_,(10), also a m;;tu;ﬁ_qf;polxghlotgnq;ed compounds, must for the ;

present | bo approximate, The quantification procedure we have'_'J”

.....

uacd (1, 2) 1a based primarily upon the. determination vith a

Lt o T

microcoulomctric dotbctor of the Ltotal chlorine content of the

Cou e

PCB compgunds emerging after p,p. '=DDE. . The, chromntograms of . ..

fish and | bird cxtracts most, cloaely xessenmble: thoae produced

DT TRV

LY 1 LV R P

the commercial arocloy. which .an avera Q: chlorina con:enc
.‘L 84

i

\ .
as th; "DuD" and "uJ ' poaks,. no or very -n i’ .-uu1.t...

N iatoN rhan mea POS soak ,$u~'J . e e
pcaks is velatively highek taan ng_ﬂha poak With watesilsl o

- [ ~ . na e T
sad D, o =300 Qaa oo salauld
1. P
H

WSS WATA SN eSS niad. A

the changes In poak

T

i lantin b0y
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‘ T micrccau et sle daces e L E L ::::‘ Ceee Tl - e I .
~ : '
! Lo S4%,. " PCB concentrations in fish and birds were therefore
) _ speciles,
derived from'the chlorine values by assuaing that the chlorine
, 7 . : : of PCB (]
,leontent was alse’ 54%. ' This proccdure would occasionally include
and conce
..other chlorinated pollutants with the PCB. It may, however,
. also sho-
.. be more mcaningful to mcasure total organic chlorine (18)
- eoncentrn
- of non-blocide origin in tissues of wildlife than parts per
: ! The
1million concentrations of {ndividual compounds. This might . !
and 1,33
«be a bettar index of phyasiological effects such as enzymo
e e s e e vt e L e e chromatoy
induction.
. Bay and {
Y Since we do not yet have in our laboratory the permanent
is prescn
. usc of a microcoulometric detector, we have had to depend upon
CoTr e : the Gulf
- "._' '-V;clcc:ron-cupturc for routine quantification of PCB. Each PCB
Lo : : aerial fa
.- .7 : compound was initially assumed to produce the same peak height, -
R : : Californi
o with the clactron capture detector, as an equivalent amount of
- ! ! tested th
-+ < p,p'=DDE. Amounts of sawple injected into the gas chromatograph
::) cee o . , selective
ware adjusted in order to fall within the linear response '
. . s in the at
. range of the electron capture detector.  The amount of total
; evaporate
PCB considcred as p,p'=DDE was then multiplied by a factor )
\\., o ' _ ‘ . . dishes co
~. . . . which would yield a value equal to that cobtained with a micro~- ,
. : ) B - . : ‘then irra
* " . coulometric detector. This procedure was periodically checked .
o . . LT R - : _ germicida
. by electron capture dectermination of standard PCB mixtures. , .
: : R : ' of peaks
. Alchough this method yields approximate results, it does
. . ) \ . . S B < easential
v permit accurate detarminations of relative concgntrationa. It . . .-
R \ Lo L ' height of
..+ -~has shown that- 'some speccies of birds, notably certain raptorial .
ey .“ ﬁ_':}“,,_~ e te WM e el li Dl Ao e . g was irrad
3
A T A e TR MRS e B e a4 e i
‘ R . o - /
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' ‘.hanccics, ohcnruntcrs and pctrcls. accurulntc high concentrntiona
of PCB (1). Terminal carnivores of food chains may accumulate

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

also Bhowﬁ_tht regional fallout patterms exist (1), with ﬁigheat‘

concentrationa in industrial regiona.

[

Tho PCB conpound with retention time 1.25 on DC-200 columnaf

LR NN

and 1.33 on QP-1 columas produces one of the prominent peaks in
chromutogrnm& of_extracta of fiah and birds from San Francisco
Bny and in thc com.crcinl mixtures, yet it is not present, or

is present in rclntively low amounts, In extracta of birds from

NV R R

'thc Gulf of California.‘ PCB in this arca must dcrive from
T L Y A .. PR A

"racrial fallout, gince there are fecw industrial areas in Baja

California or along tho coast of western Mexico. We therefore

S TRNE G L}

tested the posatbiltty that this compound might have been

Y U sl. sdy o aeat Vet @

' . oclectivcly dcgrnded by ultraviolet -light during its trnnaport-

e s

in thc ntmoaphcrc.. Stundard PCB solutions in hexanc were !

LA SO - .- et abea,

. evaporated to dryncae in Pctri dishea, or vere applied to Petri

FS - Waddt cawen

diahca contoining either water of 3% NaCl solutiom. They were - °
) .

then 1rrauintcd nt a distnnce of 4 inchce with a l5-watt

R LT TR

germicidal lamp cmitting at 2537, K .. In cach casc the pattern

R TTTPE

A\u\)qu IS L R I R I L LR ,

esacntially unchangcd exccpt £or @ relative rcduction:in the

Wl PSRN VYN l“"'

<={ " height of this peak. Thc effcct was, moxe pronounced when PCB -

. bv PTG e L] .,._..

: wns irradiated on the aqueoua aurfacea.
oy \..u.o.;‘-l‘ t.u’-.u.-. [ R
L No

.\lch.,u. a tals N i ':d vields aenroning

. . : N .
permit accurntc dctc:.i”itians R34 ralacive

has saowa that Jone spe
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