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AT the end of 1968 a note in the New Seientist' mentioned
a group of compounds which appear as unknown peaka in
gan chromatogrmms of the tissues of fish and wildlife.
In Sweden it was found that these peaks coerrespond to
polyellorinated biphen 14 iTPCBa.

PCBw are used in industry as lubricants, heat transfer
media and insulatork, They are compatible with paints,
nynthetic resing, varnishes and waxes, and improve such
propertes of these products as their chemical rexistance,
water rokiktance, cdhesiveness and flexibility23.

In 1967, PCBs were reported present in fish and wildlife
in Great Britain and the Netherlandst-*. In these studics
the identificatton war primarify- based on the comparison
of tho gas-liquid chromatography retention times in the
rample extracta with those in solutions of technical PCB
mixtures supplicd by the industry. No information was
given abont the identity of the mdividual peaks,

We deseribe here the occurrence and distribution of

Polychlorinated biphenyls are widely used in industry, and they
are now making an appearance In the worid's wildlife.
being a hazard in their own right, they interfere with the detection
of organochiorine insecticides such as DDT.

Besides

PCBs in the River Rhine and the coastal area in the
Netherlands.  The identifiedtion was eamied out by gas
chromatography and mass speetrometry.  For this purpos.
a (CH 4 mass spectrometer (Vavian Mot GinbH) was
coupled to a Varinn Aerarraph Oven type A4 3300
Particular attention was paid to the design of the miter fiee
between the two instruments in order to obtian e s
opernting conditiong?,  The relutive retentim ting < (r,)
were estnnalod with a 204178 Varinn Aceagraph g
chromatograph with electron eapture deteetion. Pyeex”
glasa columuas (5 feet x 1/8 inchi filled with 190 pey com
DC 200 on Guschrom Q (80-100 mexlt), were used uy hnth
gas chromatogrnphs, and the colinnns were operated ut
200° C with helivim or nitrogen as carrier gas.

The tissues of the indientor argauisms used theoughon
this study were extracted with petrolowm ether wmow
Soxhlet extraction apparatus ufter drving with anhvidron.
sodium sulphate.  The samnples were cleaned up In: (.

PARENTHEXFR) OF PRARS WITH RELATIVE RETENTION TIMES (RELATIVE tTu

DIELNEIX = 1} LONGER THAN 0-20 AND sUONTER THAX 1-00

Table 1. MAKE XUMBERN AND NUMBERS OF CHLORINE ATOMI/MOLFCTLE (1%
Sampling
aren Type of sainp'e 025 0-32 033 0-34
1 Roneh (Lrserizcun prtilua) total nwly  H1
uxtracin AT, [UnK 2Re (0} 258 (%) 256(9)
1 Growdiing (Gediin gediia) tota) Dinly + + +*
extractn (10
2 Mamrel (M uytiing sdudio) 1998 + +
3 Band ret { A mousdyles lanceolafus) + +
total tkady extencta 1000
3 Sardn el toen (Sirrna eandricensia}  MCR
tissue nnd kg extiacin 1003, 10040 282 (0)
3 Elder (Somateria nedlissima) tiasne  HCR
#nd rgg extractia 1068, 1067 242 (6)

Phenochior DI* 0
Arachilar 1200
Clophen A 80

r
040 OTR 06T 081 0085 BTI 072 el nas
6A.(3) 200 () a0 (4) PO (4) DIHY (1) RIE I B S R I
-
200 (4)
+ + + + + f
+ : + +
+ + + + + .
256 (3) 200 (1} 200 (1) Telmlrin 200 (43 LIRSS
408 (&) +
376 (R)
258 (3) Telndrin 290 (4) 324 (5)
400 (8) +
378 (R) : .
324 (5)
32440
324 ()

With thy ex roption of HCRB, t-lndrin aAnd eompanne) 378 (R) all compaunds idontif~d are confornthie to PCRa. 4, At the glven retentinn time a peak

[n purearnt ta fhe cheonstazram,
mimbrr eadetlitinge are Yised on Cie 30
13,340,477 hexhy dra-d T-methann Jaotenzefutan,

A I per cont DC 200 on Laschran Q (40- 10 jieab) enbinmn was aaeil,
The sampling places afe indicated in P 2.

=200 (.
RO B = Qtexaechlerobenzene:

Carrber Gas N2 80 . miny. Mues
00T s Lchilege

tchnirin = 1.0
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mcthy lformamide partition® and column chromatography
over activated fluorisil.  Column chromatography was
performod in two ateps. Iist tho apolar compounds
mcluding the PCBxa were cluted with hexane and then o
10 per eent diethyl cther in hexano svlution was used to
elute dieldrin and cndrin.  Only the results of the first
fraction analyses are reported here,

In Tables 1 and 2 the relative retention ‘tifnes
(relative to dicldrin equals 1), the mass numbers and the
numbers of chlorine atonw/inolecule are given.  Mass
speetrn were taken from all peaks present in the total ion
current chromatogram obtumned with tho double ion source
of the CH 4 nass spectrometer’.  In Fig. 14 and 15 gas
chromatograma are given of an cider extract and a tech-
nical PCB mixturo (phenoclilor DP 8). There is a strong
renemblunce between the eleetron capture chromatograms
and the jon current chromatograms.

Both from the mass numbers and the numbers of
chilorine atoms/moleenle we conclude that most of the
compaounds present in the extracts can bo identified as
OB The retention titnes mcreaso in proportion to the
werease in the nunber of chilorine atoms/molecule. A
peuuttkable resemblance-was fvund in the chromatogr.

ol phenochlor DP 6, clophen A 60 and arochlor 1260. =g

" 4«Other chiorinated compounds found are the fungieilie
hexachlorobenzene (HCB), p,p -DDE and the insecticide
telodrin. HCB oceurs in all places where indicator organ-
imms were calleeted, and has also been detected in seed.-
cating and predatory birds in the Netherlands®. It does
nut ~ecm likely that the widerpread distribution in the
aguatic environment i causcd merely by the small scale
wse of the compowund in seed dressing practice. On the
other band, it muost be ewphiesized that HCB is o very
inert compound which shows a strong tendency to accumu.
Iufiny i animal tizsues.  Of the DDT derived type of
eomponnds only DDE wus detected, although one PCB
interfered wath ity determination. In a former study
DDT und DDD were detected in seals from tho Wadden
Sea'®, Teludrin was onty fonnd i sea birdy, and from other
studics we can conelude that this insecticide must have
originated from a pesticxle producing plant near the
mouth of the rvivers-!*. Both in the roach and the birda a
eonupoind with r,=0-71, masy nr 376 and 8 Cl was
deteeted. Further studies eoncerning the identity of this
compound are in progress. Tetrachlorabenzene and penta-
chlovobenzene were detected in the roach by the masy
wpectemneter al reldive retention timea shorter than -235,

There s a aeeked rosctnbinnen botween the three
}aunphitgg eens o the identity and pattern of the PCBa
with vednlove retoation tinees longer than 0710 Tt seens
bhely therddore thint wont of the 1CB anterind present m
the Tisy el s hivrds biving m the Wadden Sea oeiginaded
e the River Rbise, The conntal witer chicfly flows
notthwards, It has been obaerved it duipings of
cticasienls are difited toaclow degree in the littoral current.
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—Fig. 1. Gas chiromatograns gl A. an efder extract, B, & t~chniral ¢
mixture (pheaochlior DP 8) A}d C, a quail liver and braln eatract nugi
s a S XRifnation, see the text). v
it e

In 1865 e clandestine dumping of copper nulphate was
displaced over a range of 100 kin in a northern direetion
within & fortnight, It was diluted by u factor of fivett.

As can be seen in the tables, the fower chlorinated
PCBs occur moro frequently in the tisstes of the rouch
than in the sce birds. This may indicate that the lower
chlorinated PCBs arc Iess persistent, and this hay Gech
“CoTfitmed DYV ai_expermene Witk JFrpamest guiail whroh
were fed a diet contumng 2,000 p.p.in. ol phenoehlor
DP ¢ of which the chwromatogram is given in Fig. 3. All
Lirds (n=20) dicd between 6 and 55 days after dosing
started. A chromatogram representing the residuo in the
tissues (liver and brain) of these birds is given in Fig, 1C.
It ean be geen that a nuber of the compounds preseut
in the original wixture wero inctabolized, particularly the
lower chlorinated ones.

Residues i, tho brains and hvers of the guail were
mensured ofi A semitpantitative wenle by pesk heweht
comparinon of penke 7= 145 using the plenochlor DP 6
mixturo as o standued, Resudue levels ealewdanred i thig
way were about twenty tinien higher in the quaif tisrues
than in the livers and brainy of lho; ciders.  The quml

Talle 2. MASS NUXAERS ANH NUNBERS OF CHLORIXE ATOMS/MOLECULE (IN PARENTHESEM) OF PEAKX WITH RELATIVE RETEXTION TiMES (RELATIVE TO
DIELURIX = [) OF PEAKS LONGER THAN 100

sumpling r
aren T pe of saujle 1-01 1-17 1-23 1-45 1-57 6o 1:96 227 2-67 3-20 358
{ Roacl { Lestriscta rufiinn) total ludy extracts DDFE -
967, 1008 316 (4) 358(6) 3Isu¢6) 358 (B) 302¢7) I5Ri%) 39 (T} 302 {7) 35027y 302 {7} 42848
+ 302(7)
824 (5)
1 l.‘m&nnlllnu {Gobin gulae) tutal Irnly extencts + + + + + + + + + +
1084
2 Munnel ( 3 yfilng rdufin) 1HIR + + + + + + + + + - +
3 Rand vt Clomodates frtne adutus) 1988 + + + + + + + + + + +
k] Sundwich teen (Steeui sl rirensis) tissue and - DPE _
egy extracts [OU5, 1M s 358 (8) 338 (8) $38€0) 802(7) 302(T) 3J02(T) 3J02(T} 420X
+ +
324 (D) 324 (3
3 Llder (Semalerig pedlineiiaa) tissues and cgg DDE _
rrtracts 1088, 1087 316 (4 333(8) 333(0) A52(6) U2 (T) BUT(T) B02(T) BWI(T) 420
+ +
324 (5) 324 (5) '
Phenochulor DP G $5R (B) 334 (B) JoR (0) Jor (A 02 (VY LR (4) 3O (T) 420 (4)
Aosrhioe 1200 S$OR(B) A% (B)  RLR (B FHR (6D SN2 (T) A () 30U () 420 (%)
Cloplien A 6D 358 (8) 3IoR{0) 35 (8) IOR{B) Jul(T) UAMK(4) 3J0L(T} RN

With the rxceptionol D DL al componnds hitentifed nre confurnabde 1o POBs 4 AU ke glven retention time o peak I present inthe ehronmtogesin,

N putes ppdes Tabie 1
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¥lg. 2. Locatinn of sampling areas: River Ithins (1), ronatal aroa along
the weat const (2) and the Wadden Sea (3),

doeveloped hydroperieards with a dose of 2,000 p.p.m.
Flick et al.'* also diseovered hydropericards in White
Leghom cockerels dosed with 400 p.p.m. in their dict,

No hydropericards were observed in birds which died i

.

Spontaneous Mutation

’ NATUf VOL. 221. MARCH 22, 1969

the Wadden Sca nrea, !)it-a.iln of t_}nu uln(ﬁ' “-'”—13

published separately;- s e

Tho peeuhar physical pruperties nud chemeenl stanli v
of PCBs mako it hikely that the applicntion wll inerensas
and that their release into the environment will cont e,
Although fatal concentrations are probably nou developed
yet along the Dutch coast, we anggest that montonny of
the environment shiould be carried out regularly in order
to keop an eye on the further trends in the lovel of con-
tamination. Apart fromn being a potential hazard in the
natural environment, theae PCBx alro represent an im-
portant source of interference in the detection of inxerti-
cides such as DDE, 0.p"-DDT. p.p"-DDT and 1DD,

Wo thank Mr J. H. Penmings, Miss J. Boevink and
Mr J. M. Eyndhoven {or their tochnicnl  nssistinees,
Autopay of tho guuil wus errried out by Mr J. € Vs,
The technical PCH mixtures were supplicd liv Prodelee
in Franoe (phenochior), Monsauto in the US (urochlor)
and Beayer in Germany (cloplen). Fish fron the Rlune
were supplied by the Dcpartment of Sportfishing nnd
Professional Inland Fishing in Utrecht.
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The following two articles are concerned with the genetic contro!
of mutation rate. The first describes the anti-mutagenic effect of
some DNA polymerase mutations on phage T4 mutation rates, and
discusses the implications they hold for the mechanism of action of

DNA polymerase.

The second compares spontanecus mutation

rates in different species, and considers the biological factors which
may determine these rates.

Genetic Control of Mutation Rates in
Bacteriophage T4

HERITABLLE increasacs in tho rates of spontancous mutation
are usunlly nttnbuted to “mutator genes', the mechanisms
of nction of which remain obkeure. Mutations in the DNA

Ivineruse gene in bueteriophuge T4 have, howover,
g(:'vn obmerved  to exhibit powerful mutator effectats?,
suggosting that spontaneous snatation rates depend on
tho propertics of DNA polymerases, and nlso that thes
polymerases play an important part in baso sclection
during DNA synthesia.

Wo have therefore embarked on a detailed examination
of the effeets of DNA polymerase mutations on T4 muta.
tion rates, to throw light on the genctic control of muta.-
tion rates and possibly on the inechamsma of spontancous
mutation and of information transfer in DNA syntheris
as well. Thia article vumumarizes studies on temperature

sengitive (fg) mutants of gene 43 (the DNA polymetnse
gene) obtained from the Cualtech collection ns u @it of
Profeasor R. 8. Edgar. A very large fraction of thes-
mutants turns out to oxhibit mutator activity. A further
surprising result has been the discovery of weveral anfi-
mututor alleles of peno 43 which sharply reduce naution
raten nt many sites i the T4 genone,

Tha ta muotants hnve heen Joenbized within poene 42
by cotnplanentation and seeombinstion. A prefimmanry
map hus been propaced from two-faetor crosses® bt i1«
accuracy is limited by the very strong murcker effecis
frequently obaerved with nlleles of gene 43 (vef. 3 nd
unpublished results of J. W. D. and E. IF. Ayl The
forty-ono mutants occupy approximately twenty-one
sites, and most of themn show little or no dominanee. us
is to be expected for a catulytic function. Our test [or
intracistronie (internliclic) complenientation have been
uniformly negative or of doubtful sipmifiennee. These tests
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