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HE
- PCB
STORY

) »¢BY SOREN JENSEN . '

\"

The accumulation of PCB in nature and thus in the food chains was unknown
to scientists until 1966, although the substance had been used industrially since 1929.
. It was the Swedish chemist Sgren Jensen who, when analyzing DDT accumulations
in nature, accidentally found enormous gquantities of unknown substances that
were later on identified as PCB compounds. PCB constitutes perhaps the most stabie
group of organic substances in existence. It poses, therefore, a severe threat to life-forms.
In Sweden this discovery has led to a law prohibiting the use, import, manu-
focture and sale of PCB without permission from the authorities.
In this article Séren Jensen gives, for the first time, the complete story of his
discovery of the substances. He also presents test results which show the PCB levels
- in blood samples from PCB-contaminated Japanese and other persons. The article
c&n be read as a detective story with a moral, It can also be considered as an example
of the kind of unpleasant discoveries we can expect unless environmental controls
are applied to all dangerous substances before they are used extensively,
before they can contaminate the Earth.

PCB pollution in pature was discovered at a rather late
date, but considering the circumstances, jt is perhaps sur-
prising that it wag discovered at ali.

While the contarmisation of nature by PCB was pot de-
tected uatil 1966, the accumulation of DDT in nature was
first recognired jo the 1950's. During the late 1950°s and
eurly 1960's biologists sad chemists became increasiagly
aware of DDT and mercury poilution.

The preseace of thess two substances in the food chains
was discovered before the presence of otber contaminzols

such as PCB was revealed, largely because of the obvious
connection in time ansd space between the use of DDT and
mercury and the negative effccts eaused by them.

When farmers used mercury-treated seed, pheasants that
Lived jo the fields snd ate the seed died, When DDT was
spraysd on plants to kill noxious insects, the buds living
on the insects disappeared (1). In these cases, where there
was rather clear evidence of cause-and-effect in suuitions
that were relatively easy to observe, biologists could tum to
analytical chemists for final prool of their hypotheses (2)
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This was not and is not possible with a substance such a3
PCB that is intended for jntzinal industnal use and eaters
pature through the *back door”, ie. with the emission of
iodustrial smoke and sewage water,

An important aspect of tl:s story is the development, in
tho lats 1950, of apparstus sensitive eaocugh to detect 2
thousand milliooth of a milligram of a substance. This
amount is sulficient for anslytical purposes if a standard is
avadable, but is not encugh for & structure determination of
an unknown substance. Thus it was not ustll this time that
the science of agalytical chemisry possessed the tooks
pecessary for the analysis and discovery of DDT.

DDT was first synthesized by the German O. Zeidler in
1574 and was first introduced as an insecticide shortly after
World War IL But even it DDT had been put into use
immediately after its iovention, its cootamination of aature
probably would oot have been recognized any earlier. Aod
as a consequence, there would have been an 80-year accr
mulation of DDT to deal with instead of a 13-year-old one.

In 1964, the deparment of analytical chemistry at the

' University of Stockholm, wheee I was employed at the time,

was required by the Royal Swedish Commission on Natural
Respurces of 1964 to estimats the levels of chlorinated
pesticides, especially DDT aod its metabolites, that were
present in human fat tissues. Shortly thereafter the project
was cxpanded to include wild life samples.

MYSTERIOUS SUBSTANCE DISCOVERED
The work started in October 1964. The agalytical method
used at the begianing was taken from available literature,
but was later oc modified slightly (ses Experimental).

As DDT is fat sclubla, dried homogenates of muscle

samples were considered to be suitable for the experiments.

Ether extracts from the samples were cleaned up by means
of thin layer chromatography on microscope slides. The
tinal fat-free extracts were injecied on a gas chromatograph
fitted with an electron capture detector. However, it is well
known that with this system positive ideatification is not
possible because several different compounds may have
the same retention time on a sngle column. The risk of
making & wrong identification is minimized by the use of
double ¢olumn systems, but it is pever fully avoided Al-
though the detector is very sensitive to chlorinated hydro-
carbons, it is by no means sensitive exclusively to such
compounds. Thus many substances ¢ontaining Oxygen of
phosphorous have shown quite good responses.

When the analyses were carried out along the lines set
fccth above, the work often resulted in chromatograms as

144

pp-DDE
] 0"95
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20 min

Figurs 1. Gas chromstogram from purified
entraet from white-talled sagle. All paske
but DDT end DDE ware unkngwa, Calumn:
8F 88 4 %, on Gas Chrem P (HMDS-trealad).
Oven temparature ca. 190°C. Nirogea liow
30 mi/minuts.

shown In Fig. 1. Only p,p-DDE and p,p’-DDT could be
identified by means of their retention times. Amopg these
two thers were numerous peaks whose reteation times did
not agree with soy of the kmown chlorinated pesticides.
Thbey were totzlly unknown to us, When a diffecent gas
chromatographic column was used the peak that had been
assumed to be DDT was sometimes shown to be an un-
koown oane.

COLLABORATION WITH ECOLOGISTS

Often up to 14 peaks could be found in 1 chromatogram
of extracts from a pike sod as they were not descnbed in
the literature the possibility of a pure analytical iclution
of the problem was at that point impossible. To get a final
solution it was aecessasy to collaborate with ecolopsts
The first hypothesis to consider was that the unknowr
substances might beloag to the common naturaj products
Therefore the Swedish Museum of Natural History in Stock
holm collected pikes for analyses from Skiae in the soutt
to unpolluted Lappland in the north, But ihe farther nortt

AMBIO, VOL.§ NO
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the origin of the samples, the lower were the levels of the
unkpown substances; thus it wes clear that those substances
did not occur naturally in pike.

The mercury problem ioc Swoden had just been recog-
gized, apd some organic mercury compounds were shown
to possess & high response on the electron capture detector,
5o the museum collected pheasants, one of the species suf-
fering most from the mercurials. However, it was shown
that thess birds did not cootain the unknown substances.

— — Could they possibly be unknown metabolites of the chlorin-
ated pesticides? To check this hypothesis,‘cae feather of
each white-tailed eagle specimen was obtained from the
museum’s collection from 1838 up to present and the
featbers wers apalyzed. The unknows substances were pres.
ent already in 1942, but chiorinated pesticides were mot
used until 1945, consequently the unknown substances
could not be metabelites of these pesticides.

Fig. 2 shows & series representing differest levels of a
food chaip, includiog young salmon, pike and white-tailed
eagle. Both DDE and the unkmown substances increased
vp through the chain. At the sama time there was a shift
of the relative intensity of the unknown substances towards
the lats oumbers i the chromatogram. But this was not
especially pronounced, indicating that all these compounds
must be very stable. It should also be noted that the aquatic
ecological system was quite different from the terrestrial
system represented by the elk.

Thers was & possibility that these usknown compounds
could be metabolites of other pesticides suck as the phos-
phorous insecticides and the chlorine-containing herbicides.
However, peither treatmeat with alcobolic potassium hy-

«  droxide, nor concentrated sulphoric acid changed the chrom-
atogram, except that the DDT snd DDD were debydro-
hatogenated by the alkali treatment and the epoxy pesticides
disappeared during the sulphuric acid treatment. These
treatments judicated that the uaknown substances did not
contain anything but hydrogen, carbon and halogens.

PCB IDENTIFIED

Fortunataly for this investigation a white-tailed eaple was
found dead in the archipeiago of Stockholm and couid
be examined. It contained emormous amounts of the un-
koown substances. Thus the extract from 1 g of the muscie
had to be diluted up to 5!if a 10 gl injection on the gas
chromatograph should be within the linearity range of
the electron capture detector. 20 mg of the fat was run
on the microslide thin-layer plate as meationed in the
experimental part, and the eluate from the plate was evap-

AMBIO, AUGUST 1972
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Figurs 2. Gas chromatogrsms: residus analysis of body fat fro=~
dilferent scological fevels. Column: QF I + SF 98 mixture.
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orated to 50 ul This solution was then injected into the
combined gas chromatograph-mass spectrometer. Figs 3a
and 3b the cbhromatogram and one of the muss spectra
The mass numbers equal to the motecular weights of the
unkpown peaks could be read to 324, 358, 392 and 426.
Astonishingly eoough, the molecular differences were
constantly 34 mass uaits. This constant difference for the
first time showed that there was a relationship in the origin
of the unknown substances. The presence of chlorine could
easily be recognized from the unusual isotopic patiero—
75 per cent s *°C1 deSperun:i:"Cl.wh!chﬁvesm
molecular pesks two mass unity apart with the relative
intensity of 75:25. With two chiorines per molecule the
iotensitics will be 57 per ceat (two **Cl), 37 per ceot (one
() and oge *'Cl) acd 6 per cent (two *°Cl) respectively.
For x chlorine per moleculs there will be peaks for
M + 2x(x = 0.123........
molecular weight calculated by chlorine—as *Cl).

By means of this isotopic pattern the following relation.
ships for the unkoowa peaks were postulated:

Molecular weight: 324 358 392 426
Chiorine per molecule: 5 6 7 8

An explanation for the relatioaship between the uoknown
compounds can be read from the following equation (RH
is a hydrocarbog):

RH + C, =--—» RQ + HQ
M 2-35 M+ 34 3

The molecular weight of the parent Aydrocarbon (PHC)
could thus be calculated:

Mppg*M=x-Mg+x- M'. whers M Is the molecular
weight of the compound having x chlorines per molecule
and for M =426 and x= 8 chlorines:

Mrpnc, =426—2804+3=154

(of cmm;:ll the unkonown substances will give the same
valus for PHC).

The most plousible formuls for a hydrocarbon with a
moleculer weight of 154 is C,,H,,, which is only satisfied
il the parent hydrocarbon is biphenyl, and logically the
unknowo substances were polychlonnated biphenyls, which
have been given the name PCB,

The identity was later fully verified by inojection of
Clophen A 50 (a syothetic chlorinated bipheoyl mixture) oo
the mass spectrometer. Furthertoore, extensive gas chromato-

126

where M is the

COMPOLND & ABOVE

1 T -1
20 min

Figures 3a end 3b. Cas chromsiogram fr
combined mess spactremetry-gaschroms
grophy of white-tailsd esgie eatract Mol
wiar welghts for A, 8. C, D and E: 282 2
310, 324 end 338 (satursted hydrocarbor
Fi 310 (DDE). G. H. I, L ond M: 224, 3
352 and 428 [chicrineted biphanyls with
& 7, 7 and ¥ chiorine etoma).

graphic investigations proved that synthetic PCB gave pea
with retention times ideatical to those of the unknown pea
from the white-tailed eagle and the other species jnves
gated.

It took aboyt two years to answer the question of t
mysterious peaks of the unknown substaaces in the chrom
togram. Thus PCB was finally identified in 1966 (3).

In the past we bave jeamed that extremely persiste
substances are poteotial coptaminasts of the envronme
and that the risk that they might accumulate via food chau
increases if the substances are also fat soluble, such as DC
and PCB, or if they can react with the proteins 1a the org
nisms, such as heavy metals and organic mercunals A val
able medium 1n ao objective investigation of environment
pollutants might be digested sludge from sewage treatms
plants, which cootaios both lipophtic substances and pr

AMBIO, YOL I ~NO
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teins and can thus enrich certain types of cootaminmnts in
docoestic and industrial wastes. As digested sludge has been
exposed to microbiological att ck, only the most stabis
aubstances can swrvive to be eovircameotal pollutants,
Compounds may even be ¢oovirted to stable metabolites
with higher toxicity then the p-imary cootamirants, as is
ths case with the microbiological methylation of mercury.
This system should prove valusble in the objective search
for unknown pollutants, If sludge had been analyzed carlier,
---PFCB mlghthlwbnnduoovemdnthcrauhofamm
atic search instead of by accident. e
After the identification otPCBmﬁmﬂy made, it be-
came appareot that many DDT analyses made in the past
might be wroog because of PCB interference and it seemed
probable that the risk for DDT cootamination of nature
had been overestimated. Instead, analyses had indicated
copotamination by PCB. This is true for analyses done by
means of the methyl silicone.and Apiezone columns ofteo
used up to 1965, In these old columns p,p’-DDT, especially,
has been shown to overlap with PCR 10 (the last major
peak). Thus the DDT appareatly present in the chromato-
gram from the white-tailed eagie shown in Fig. 1 is actually
PCB 10. This can be szen by means of the QF 1 columo
that is pow often used (4).

WORLD-WIDE PCB RESEARCH

Since the discovery of PCB accumulation in nature was
published in 1966. the preseace of PCB bas been reported
in orgonisms from sll over the world, and the subject has
beea reviewed by many authoss: Risebrough et al. in 1968
(5), Risebrough in 1969 (6), Veith et al. in 1970 (7), Gustaf-
so0 in 1970 (8), Peakall et al. in 1970 (9), and Reynolds in
1971 (10). Many attempts have been made to asalyze PCB
in the presence of the chiorinated pesticides, but po really
aatisfactory method has yet been described. The same is
true with the problem of the quantification of PCB. As PCB
Is produced by direct chlorination of the aromatic hydro-
carbon biphenyl, numerous homologues and isomers are
found. 210 different substances are theoretically possible,
and if the chlorine is distributed as evenly as possible oo
the two phenyl rings, 104 are still possible. Recently Sisson
and Welti (11) have, in an excellent work, identified 69 dif-
ferent compounds in a PCB product used in industry by
means of mass spectroetry (MS) and nuclear magnetic res-
ooance spectrometey (NMR). In a normal column used jo
residue analysis, no more than 20 peaks are seen, aad it is
obvious that severul peaks come from the overlappiog of
different compounds. Nevertheless, the mistakes made are

AMSIO, AUGUST 1972

saall in relation to the significance of the biological ex-
periments.

CONTARMINANTS

Vos et al. (12, 13), found that not all commercial poly-
chlorinated bipheoyl preparations had the same toxjcity: *
Significantly higher wmortality, liver necrosis and chick
oedems-like Jesions wers fouad in two out of three prepa-
rations tested. They found an active factor in a polar
fraction and they concluded that the structures were tetra
and penta chlorodibenzofurans. These compounds might
have been formed from a phenolic conteminant in the PCB
in the same way as 2.3.7.3-tetrachloro-dibenzo-p-dioxiz (to
which they are related) is formed from 2.4.5-trichicro-
phenal.

STABILITY

PCB is an extremely stable mixture aguinst both chemical
and biological attack. Thus it cap be boiled with potassium
bydroxide in ethanol or fuming sulphuric acid without de-
gradation. It is reported that PCB is dechlorinated by mezas
of ultrzviolet light (14). PCB is said to be highly non-in-
flammable if the chlorine content is above 4, but many
authors have reported that it is casily degraded at clevated
temperatures. Thus Karlsson and Rosén (15) found that
around 950*C PCB will be destroyed within 2 few seconds.
Ordinary oil burners, however, obviously are not equipped
to do this, or else it would be difficult to explaia the pres-
ence of PCB in the air, especially around big cities.

Recently jt has been shown that PCB wastes in oil can be
destroyed in existing industrial facilitics through the burtung
of oll at 1,400°C with a deficiency of oxygen. This process
is used in a cyclic system for the manufacture of ammoma
as well as for other purposes. With this method factores
can use waste oil containing PCB in their production pro-
cesses, and can, moreover, function as destruction sites for
PCB by mixing additional PCB with this oil.

The waxy layer on the peedles of pines around Stock-
bolm often contains PCB. This cau be explained by as-
suming that when waste oils (which often contain around
50 ppm of PCB) are bumt, the PCB (at lcast to some
extent) passes through the chimaey, and into the eaviron-
ment. Another source of PCB might be the burning of solid
wastes. The discharge of used PCB into the scwage treat-
ment plants is indicated by the presence of PCE in drgzsted
sludge from these plants, That the biclogical stabdity of
PCB is high in relation to DDT is seen in digestion cxpen-
ments, When DDT and PCB ace added to actvated siudge

127
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and digested angerobically, DDT will be metabolized—
mainly to DDD but tlso to more polar substances withii
& few days, whils FCB remains intact after a 40-day pericd.

It is this atability of PCB that makes jt useful in jndustry.

In 1929 the electrical indusuy introduced PCB jn capaci- -

tors sod high voltage translormers becauss of its good
insulating charscteristics and beczuse PCB is non-inflamm-
able. PCB is now used in a gpumber of different paints to
muke them resistant to chemicals aod oxidation.

—~-— -USE OF PCBIN SWEDEN

PCB is not produced in Sweden, tut the annusl import of
bulk muaterial amountad in 1969 to 600-=700 tons, about
12 times the import of DDT. This situation was probably
representative for many industrialized countries. Most of it
was used as pop-inflammable oils in capacitors and trans-
formers. PVC and chlorinated rubber paint coatined 5—
lwuntdrcnwmmmmmbmqamm
and oidation. Beside this, there is a 3—5 per cent addition
to paints used on boats below the waterline, 80—85 per
cent of all small boats and 50—60 per cent of the larger
ships in Sweden have wed such paints.

Gradually, it has been discovered that PCB occurs in o
pumber of products in which there was no reason, eacdisr,
to suspect its presence. Recently we found that large quanti-
ties of PCB were present in certain carbonless reproducing
paper sold oo the Swedish market (am NCR). This paper
was used in forms which are prevalent in banks, libraries,
etc, The PCB content was about 12 g per kg paper, which
means that en original plus two copies in A-6-format (10.5
cm X 14.5 cm) contained about 110 mg PCB. PCB ks no
longer present in such paper.

The stability of the substancs that makes it so attrac-

Tabis 1. Annual PCB uee In Sweden

Total amount
Maierial Unit size of PCB
Capacitors 20 and 2—4 kg
Transformers 500—2,000 kg 1450—500 tons
PYC and
other paints 1,000 tons 55 tons
Boat paint 400 tons 15 tons
Insulation paste 160 wons 35 toms
555—605 tons

128

tive fo. industrial use is the same property that cuses the
accumulation of the substance in ecosystems and the food
chains,

BIOLOGICAL EFFECTS

The rcute toxicity of PCB is oot very high. There is 3
relationship betwesn toxicity and chlorine cogtent whict
hay 1od to different maximum sliowable concentrations with
a higher cumber of chiorioe atoms, the maximury allowable
jn air is 1 mg/m?® air, and for the kinds of PCB that have
a lowsr chiocine comtent it is 05 mg/m*. No maximur
allowabie Jeve! for PCB contamination in food has bee:
established yer,

A typical symptom of PCB poisoning is faity degener
atioa of the liver. One case of mass death of salmon fry it
& Swedish hatchery showed this typical pictare and the PCE
source could be traced to anti-fouling paint used in the
hatchery. .

Effects on workers handling PCB have been reporte
and include various damage to the skin, apart from the live
degeneration mentioned above. It is estimated that th
aversge Swede has a concentration of PCB of around 3—
mg per kg body weight.

Damage to chicken embryos and inhibition of hatchis,
occurs when 0.01 m! of PCB is injected into eggs. Thes
experiments have not been followed up to test the Jowes
Jevel at which these effects occur,

PCB (and DDT) are now koown to activate the meta
bolic enzymes of the liver. The consequence of this is a
increased breakdown of certain reproductive hormone:
which could result in changes of the reproductive rate §
animals and man.

PCB accidents have been reported from the USA anc
Japan. In Japan (16), leakage from a corroded pipe
coataining PCB that was being used as a heat-transfer o1
resulted in the coatamination of the rice oil with upto 2,
of PCB per kg Thousands of people who ate the cor
taminated rice suffered from chloracze-like skin eruphon

Just before people feli sick, one mullion chickens suffere
from chick edema-like symptoms and about 700,000 die:
The chicken food originated from the same factory.

Several thousands of persons are said to bave suffere
from PCB poisoning in Japan, although only 1,000 patien
were officially reported to have been suffering from
disease, which is called “Yusho”. Symptoms are skin cru
tion, pigmentation, visual disturbances, abdomisgal pain ar
fatigue. Only a few patients recovered, since Bo treaty

AMRIO, YOL. i NO

MONS 207814



3. Jepanuse PCE-.patient

o 8
o
X
g
:
r g

2. Jepsnese control

PCS 0/

1]

X ]

o
3. Amstican

:

/E\J

rcs e

—~ =

7+(0g-DOT)

310 DILUTION
[
. ’“_-: “ 4
1._ VIR
FI. o -
vy TS
Foo K
r L -.-.,J ’
- ) 1Y .

l. . 2'

b K
P~ '
- 7 ‘-
\ .

t

§

b

1

e

r

T e m s TS sam sy e ey
[

HCa?

1 DILUTDN

Figurs 4. Gas chromategrams of humen Sleed sampler, showing
leveis of PCB, ODT, DDE, 8-BHC and HCS(?),

. Japanese {PCB patieny))

L lapanese (senwel) !

3. American (lived 4 yosrs In Japan, then 4 yesrs in Sweden)

4 Swede R

methods have been discovered. In some cases death oc-

. curred.

Fregaant women patieats are reported to bhave bome
babi:_l with highly pigmeated skin, Several babies were born
dead. In some cases apparently unaffected women had
babies with pigmented skin. Such births occur even today.

PCB IN BLOOD SAMPLES )

Receatly, I compared the PCB level in the blood of two
Japaness suffering from PCB iatoxication (contacted via
contaminated rice oil in 1968) with that of some Japavese
and Swedes who were not known to ba especially exposed.
The ssmpliog was dooe in 1572 and the results are shown
in Tsble 2 and Fig 4.

As expecied, the PCB-intoxicated Japanese have more
PCB in their blood thag the other persons investigated (29
ppd in mean, compared with 10 ppb). Because of the
small number of samples in this analysis, it is pot possible
to determine—on the basis of these results alone—whether
or not the high Jevel of residue in the patients is due to
their high PCB intake four years ago.

But the striking difference in the blood levels of 3BHC
between persons living in Japan aod in Swedea cao be
taken to be a rather clear indication that a perastent
chemical actually ean temain in the body for at least four
years,

The substance g-BHC is isomeric to the imsecticide ,
lindane and often occurs as a contaminant in lindane prepa-
rations. In all blood samples from Sweden, the levels were
close to the detection limit of 0.5 ppb. In blood samples
from the Japanese, however, the levels ranged from 63
ppb to 200 ppb. Sample No 4 is from 2 Swcde who has
lived in Japan during the last two years; the S-BHC level
is almost as high as in thc Japanese samples. Far more
interesting, however, is sample No. 11, taken from an
American who lived in Japan from 1964 to 1968, Thus
person has been living in Sweden since 1968, but the
8-BHC is, nevertheless, at the Japanese level .[his Jeady

MONS 207815



Tabls 2. §-BHC, DDT, DOE ond PCB W

ug/s fresh wesght basis

bumsn blosd. Analysss etcarding % the
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Stoccholm o4 4.5 13 [
Stockholm [ X} 62 1.6 [}
Stockbolm 06 25 34 4
Stockhoim -1970, Tokyo -72 4.7 10 45 n
Swckholm 198370, Tokyo -T2 1.8 72 kX | 4
Tokyo s (¥ 11 4
Tokyo t & n 41 5
Southera Jeapan 20 M4 11 1
Southars Japsa (patisat) b1 ] ¥ 10 2
Southern Japaa (patisat) 43 94 56 N
Jopas 1964432 . 24 % 60 t4
Swedea 1968—72 ’

demonstrates that & persisteat chemical can actually remain
{n the body for four years. It fol.lows that this may also be
wrue for PCB.

Another conclusion that can be drawn from this investi-
grtion is that the Ievels of PCB and DDT in the analyzed
samples are of the same magnitude, but that the chlorinated
Insecticide lindane used in Japan contains more S-BHC
than that used in Swedea. ~ _

It can be seen from Fig. 1 that the relative amounts of
the different PCB compounds do not differ in the samples
from the two countries.

It has recently been found that low<chlorinated types
of PCB can be metabolized at 3 rather high rate in mam-
malian orgenisms. This meaas that the PCB residue teads
to be moce similar to high-chloripated types of PCB
(regardless of the chlorination degres of the formulation
Ingested) because the small amounts of tha high-chlarinated
bomologues also present are unaffected, and thus will
cventually dominate.

This may explain why such relatively smali amounts of
PCB (less than 100 ppm) are found in tha bodies of dead
Japapese who had been afflicted with PCB intoxication,
As tha PCB which contaminated the rice oil is said to be of
tha 30 per cant chlosine type, it may be that alf the low-
chlorinated types of PCB were metabolized before death
occurred, leaving only small amouats of the bigh-chlorinated
ones. If this is true, the PCB levels at the time of intake
might have been from tea to 100 fimes higher thap the
post wortem analyses indicated.

PCB BANNED BY LAW

Investigations initiated by the National Swedish Eaviron-
ment Protection Board concerning PCB disposal showed
that between 10 and 15 tons of the substance were stored

130

at a firm awaiting safe destruction methods. Some fi
carried 100200 kg portions of PCB to solid waste pl:
and oce firm dumped the wastes (around 100--200
into the gea. It was only recently that a method of desy;

" ing PCB was discovered, a3 meationed above,

In Jaguary 172 a Swedish law went into cffect proh
ing the use, import, manufacturing and sale of PCB witt
the permission of the authorities.

PCB probably occurs in more substances than ¢
which are named and forbidden by the new law. An exan
of this is mentioned sbove. But the Natiogal Swedish
vircament Protection Board, the authority responsible
secing that the law is observed, can in soch cases de
that the law shall also cover certain specific produsts.
possibility of applying the law in this manner is prese
being investigated by the Board,

THE MORAL OF THE STORY

The accumulation of PCB in nature was discovered a
dentally, as was mercury contamination. What conclus;
can be drawn from these findings?

Similar discoveries of the accumulation of other cheru
are quite likely to occur at any time. This should ser
cmphasize the need for close cooperation between ecclos
chemists and otber scientists.

It is pecessary that responsible authorities invest in ¢
power and equipment to facilitate an unbiassed searct
pollutants at an early stage by systematic analysis.

These are the meastures that should bs taken if the «
aging and perhaps irremedial cffects of a substance 2
be discovercd before and not after it has entercd the
vironment. This apples espectally to substzoces that .
mulate and are highly persistent, as we have ieamnt fror
history of PCB.
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EXPERIMENTAL

Al mivenrs used wers reditithed In addition, hexans
troated with concentrated sulphurie scid and  distilled
hydrexids. Msthylss chiorida wai shakex with & 5 per
ol potamium csrbonam, withed with wawer snd dried
chioride. .

also

:
by

ol

i
1

Sampling eml Extraction: All mmpliagp wery conducted o the Momum
. of Natural History ia Siockholm, Sampies were stored at —20°C wmtll
analysly. Before uxstnction, ibe sampies wers homogenized together with
_ _a doudle nmount of sakydrous sodinm miphats by mwans of an issrtabis

bomogmaizer. Extractioa wikh bexans was aarisd out n o Soshim
appanstus. After four bours the solvent. was evapornind, Meaving the fat
h.—mmumﬁm-hmv.@mm

costaioed 20 mg faz par 100 sl solution.

Thin layer chromategraplry: The sliagel O
methasol (130 ml to 30y, diind with swetion st
340°C overnight. Microscops slides (13 X M mm) were covered with
shurry of 50 5 sibcagel w 75 ;i waisr 30 Ut the laysr was 0.5 o thick.
The plates were siored smacxvaied In & dmiccator above conmstraied
sulphuric acid ead astivaied sl 240°C prior to um.

By mans of & Hamilioa nyrings 1000l of the sbove memiosnd fat
solution in methyless chloride was_stripped onte ssch plae and the
plates wurw developed with wethyless chlonds.

Alwr oir dryiag, the fat froat could be recognised sguinst & lemp a1 8

U silicage] with 2 mixture of 3-bhexsas-disthyl sther (2:3; v/v) ustil one
ml had pamsed through.

Gae chremategraphy: As PCR (up 1o fourtsen peaks) and the chlon
fnated pesticldes are extremmly diflicuk 0 Mparis wikh asy onlumns
yot developed, &t Jeast three dillsreai sysiemns were wsad for the sepanm-
tions, nammiy one 4 par cant SF 96 methyl silicoas, one 6 per cent QF 1
fuor silicons asd & third made by machanically mixing the two mestioned
in the proportions twe 0 sight reapestivly (ia the following alled the
XJ<columa). 9,9 -DDR, 89'-DDD and divkinae could 30t be sepurated
oa ¢ SF 9% columa, Ber aould 9,p’-DDD asd 0.p"-DDT. On the purs
QF | columa it wes possible 10 {ully separste PCB paak 10 (the last major
poak) from p,p’'-DDT, but oa the sther hand p.p - DDD seuid ot be
spansisd from the PCB peak § (the iast mujoc peak but oos). The XJ
columa gave & full ssparetion of DDE, PDD asd DDT for both the
ortho-pars and pers-pars bomen.

Ths allglam cojumn (130 em, id. 0.1 cm) was sillenived and filled
whth the solid support (HMDS-treaced 100—120mesh GaxChrom P)
covered with the gbove-snentionsd stationary phases, The oolikns were
placed ia the gag chromatograph (Veriaa 1204) with an slectron capture
detector (tritium). The deiector and the Mmjector werw heid at 200°C and
the column oven temperature was chossa to giva p.p-DDT & reieation
time of 30 minutes whea the solveat retention time was 14 sec. (equal
to & mesn gas apesd of 13 an/mc),

Maaa apeciremstry: Tha 1ame columas as above were alao placed ia o
LXB 9000 combined pas chromatograph mass speciroroster.
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LD Foisoning In Japan

by Genayu Umeds

The most serious PCB catastrophe the world has
known took place about four years ago in Japan,
where thousands of persons are said to have dis-

played symptoms characteristic of PCB intoxica-
tion. Gensyu Umeda describes the di.ease here.

\\-,.é“ o

In March of 1968 a great many cases of a strange, previ-
ously uaoknown disease appeared in the aorthern and
western parts of the Japanese island of Kyushu, particularly
in the Fukuoka and Nagasaki prefectures,

Clioical and chemical analyses were performed and in
August it was determined that the discase was brought on
by some kinds of organic chiorides. -

In November it was discovered that the specific cause
of the disecase was a contaminant in Kanemi Rice Oil, a
common food-stuff. The oil was manufactured by the
Kasemi Rice Oil Co. Ltd The contaminant was identifed
as Kanechlor 400, which is the brand name for a particular
PCB (palychiorinated bipheayls). The disease was named
“Kanemi Yusho™.

There are an estimated 15,000 victims of the disease,
However, only 1,081 persons have been officially diagnosed
as victims of Kanemi Yusko. Local governments and the
ceatral government refuse to officially recognize maay of
the victims who should, in all fairness, be supported B-
nancially by these government bodies.

CLINICAL ANALYSES
Clinical analyses of Kanemi Yusho victims revenled that
there are four types of the discase.

Latent type
The patient has no significaot physical symptoms and oo
subjective symptoms of Yusho. Nontheless, PCB has been
detccted in patients of this category. For example, whea
analysis was performed on matenals removed surgicaily,
PCB was found. Anpd when women with no obvious symp-
toms gave turth to babies who displayed typical symptoms
of the cisease, it became obvious Lhat those women were
contaminated. Another evample: babies fed with mother's
mik displayed pathological symptoms in six months or
later.

A baby newly born of a contaminated mather of the
latent type displays some characteristic physical symptoms
such as hypersecrction of cheese-like or mucoid discharge

from the eyes; disturbance in growth; ard pigmeatan
of the skia and nails and of the mueous z ¢mbrage of -
eye and mouth. P

Visceral Type

The patient of this type bas oo characteristic dermatolog
signs. Instead there sre complaints of complicated sy
toms as well as physical signs of pathological processes
the viscera. Examples of these are general fatigue, nau
or vomiling, mild jaundice indicating Liver injury, colic-l
attacks of abdominal pain, diarrhea, productive cou
cbronic bronchitis or broachiectasis, asthmaic attacks, z
poeumonia. The occurrence of pathological changes of ¢
kind has been demonstrated by x-ray acalyss.

In cases of the visceral type, PCB is detected in sputu
blood or matedsl surgically removed, and in maay
stances there is an increase in the concentration of trig
serides and prebetalipoproteias in the blood.

Latent and visceral types are seldom officially recogni:
as victims of PCB coatamination and ate se!dom dizgno-
as Yusho. But these cases are of great sigmificance w
regard to the disruption of the eaviroument by PCB a
the contamination of the humaa body by PCB which .
liable to occur in the near future.

Manifeat type

Mapy of the cases generally known by the term “Yust
belong to this type. The cbaracteristic physical signs a
subjective symptoms include chloracne, comedc-like erL
tions and follicular accentuation as seen in the photo
the opposite page and the photo on page 134 Ot
syraptoms are dark-browaish pigmentation of skin and n:
and of the mucous membrane of the eye and moutk; hyp
secretion of cheese-like discharge from the eyes; loss
hair; loss of Lbido; general fatigue; numbness of the
tremities or meuralgia-like pain; beadache; stomachac
abdominal pain; pausea; vom:ting; dizzipess; disturban
of higher nervous activities (¢.g. forgetfuiness), local 1
pairment of biood circulation; vomiting as & result
changes in conditioned reflexes to disturbance {rom f:

Pholas on opposite pags and on page 133 chioracne, come
hike eruptigns and lolilcular sccentustion.

Sce colour photos on Inside back cover of Japansss palients
with soms of the aympioms of the manitest typa of Kansmi
Yushe.
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foods; Batiening or deforniation of bails; deformities of
joints and bones; poor development of teeth in children;
morphoiogicsl changes of tecth of a pathological nature.
In addition, other pathologically complicated changes have
been obscrved recently.

Although patients suffering from thess symptoms are
typical Xaoemi Yusho cases, many of them have not yet
been officially recoguized as victims of the disease.

Tardive Type

Some cases of a delayed (tardive) type have been observed.
Physical signs and symptoms specific to Yusho are magi-
fested, regardless of the amount of PCB the patient ingested.
The symptoms appear one to thres years later. The reascn
for this is not clear at this time (1).

TREATMENT AND PROGNOSIS
Yusho {s wvery difficult to treat and lts progoosis is oot
always bemign. Treatments sadministered in attempts to
ameliorate the suffering and complicated symptoms of tha
patients zre generally not successtul . . . with cne exception.
Patients are slightly ameliorated when buman placentss
that have been kept in cold storage arc administered by
injection or traosplant. These measures are especially
eliective with regard to the nonspecific symptom complex
or the nonspecific reactions of the organism as a whole.
Acupuncture and moxibustion (used in the Kampd
medical approach, a Chinese method of treatment) is re-
cognized to be more effective in desling with pein such as

113

S -
o T e
e T
ﬁ ‘-ql"

L T

+ >
- - .
-

iy
iEa
3

Sl v, . .
~ ‘_lé‘.v‘ - .

r.

5 s
)

; 1

:;E
A

headache, stomachache, stilt shoulders, low back pai
and pain or aumbness of the extremities (2).

Concerning the progaosis, the following symptoms a
in my opinion the most serious ones:
1. Functional disturbance ol the higher parts of the centr
nervous system particularly of the cerebral cortex. Th
is cpecially serious in young children, who may duspl
symptors at birth or during the first years of life.
2. Changes in the cardiovascular system are being observe:
This is an important tendency at the presect time. Th
changes may relate both to the function of the heart, o
demoastrated by EKG analysis, and to the peripheral cit
culation. The occurrence of signs of local impairment ¢
blood circulation was already mentioged.
3. A pew tendency that bas recently been discovered
the deformity of bones; especially deformitles of the finger
toes, ankles, wrists or vertebrae. The deformuties are ac
companied by ‘pain.
4. In some cases changes have been observed in the tect?
¢.g. breakdowa, loss or sudden snapping of teeth (3).
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