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Ulse of Isotopic Abundance Ratios in Identification of
Polyehlorinated Riphenyls by Mass Spectrometry

JAMER W, ROTE and WILLIAM J. MORRIS*

Hopkins Marine Station, Pacific Grove, Calif. 93960

* Finnigan Corp., Sunnyrale, Calvf. 94086

Folyehlorbwntesd hiplienyln are  Industrial
compuntils which are hoing deteeted throughe
the xl e, Beeanse of the prea-
of wilye i

. 1 I aun ol
Vography saisce spectoanetes maest be gaet for
thetr cambirmation, Usiog isotopie sbhooadanece
ratine, the theoretiend probd y of the oc-
ivon of different massen in the

mindecular eluater hins heen calenlnied for the
polyehlorinated  hipheoyls, polyehlorinated
terphenyle. and  ehlorinated napbihalenen.
Mass specten of nione- through deeachlorobis
phenyl have been taken with a unit renntution,
rompuier-eantmlied GC-MS ayatenm and par-
ent i clustern were mintched with the theo-
retieat inotopic patterns, Thin methad providen
the unamhigunus ldentification of polychloci-
oated biphenyis in the prescnce of other
substaneen,

Chlorinated hydrocarbona other than insecti-
cicle residues were detected in environmental sam-
ples in the mid-1960's(1, 2). Since polychlorinated
biphenyl (PCB) compounds and common ehlori-
nated insecticiles have aimilar retention times
(3), unknown peaks could not be identified by
gas-diguid chromategraphy (GLC) ntone. Jensen
{(4) andd Widmnrk (5), wsing combined gas chro-
mntography-mass spectrometry (GC-MS), pro-

- vided the first analytical evidence for the presence

of PCI's in cnvironmental samples, Sinee then,
severs] laboratories have used GC-MS to confirm
the presence of PCB's in & range of organisms
{6-9).

Several workers have recently used GC-MS to
chaincterize the I'CB components in technieal
mixtures (10-15), and a method for measring
PCB isomers has been baxed on M8 identification
of the components in commercial Aroclors (16).
Sale and Mutsinger have used MS to confirm
photolysis of n hesachlorobiphenyl isomer (17)
and w show chlorine randomization in ’CB's
priot to (ragmentation (18), The sasme workers
have oblained the most informntive data on thy
nian apetra of 1CLY to date (10).

Mnss apectra are available for most of the com-
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which might be present in Pl

PCI's (20-29). Poly chlurmlllmuo‘pdm\mﬁ nnd
polychloradibenzolurans, toxic minor eomponents
in some commercinl PCB's and chlorophenol
ungicicter, can be distinguished by MS if they
are present in samples (25). Mass speetra are also
availnble for chlorinated naphthalenes (CN) (26),
volychlorinated terphenyls (PCT) (11), and
phthalaw esters (27), all of which interfere in
PCB analysis (28-30).

We describe a method which Provides unam-
biguous identification of P’CB's in the presence
of the above interfering substances, The mass
speetra of PCB's, PCT's, and CN'a are charae-
terized by & strong parent jon cluster with an
isolopic abundance ratio determined by the num-
ber of chiorine atoins substituted on the rings,
Although most workers using MS are probably
aware of these isotopic clusters, no one to date
has compared theoretical jon intensitica to ob-
served spectra. Uk el ol. (21) caleulated the inten-
aities of chlorine irotope peaka for up ta 12 chlo-
rine atoms, but offered no spectra for comparison.

From the natural abundance ratios of chlorine
and carhon isotopes (31), we have ealeulated the
theoretical probubility of the oceurrence of ions
of different masses in the molecular cluster for ali
degrees of chiorination in CN's, PCB's, and
PCT's. Using & computer-controlled GC-MS ays-
tem, we have taken (he mass spectya of mono-
through decachlorobipheny) and have compared
the observed isotopic abundance ratios to the
theoretical values. The matching of PCT and CN
ratios is the subject of another paper in prepara-
tion.

METIOD

Apparatus

The gas chr )l em-
ployed wns & Finnigan Model 10]5 C quadrupole
with 8 glass column and glass jet acparator. The GC.
M8 waa eontrolied by & 8yatom Tdunttloe 150 rems
puter. The details of this entire unlt have been de-
scribed (32).
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Npecific masy spectrometrie conditions el for
this study nre as follows: inn sonree temperatute ap-
proximately $257°C; eleetron energy 70 ¢V clertian
mubtiplier 20 kY tennder Tine 240°C; meparator
tempmerature 2007C,

Tlll:\Qn“ln\iuK gan cluomntographie  conditions
weee used: eolumn 3 X 2 mm il packed with 37
OV-1 on G0 5 mesh Supeleoport s injector tempera-
e 245-260°C; currier gna helium, flow rate aps
proximately 25 mi/min; column temperatare pro-
grammed as deseribed below,

Muterials

Techaienl Aroclon™ 1282, 1234, and 1268 (Mon-
ennto) were disnolved in hexane fo concentrations of
0.5 pp/et for GC separation prior to M3 annlysin,
Tudividun) romers anadyzed directly by MS inelude:
2,2'di- (R. Wehb), 2,5,2°,5-(etsa- (U, Hutzinger),
2,4,5,2', 4, hexa- (C. Engel), and deenchlorobis
phenyl. The completely subxtituted biphenyl was
prepared in one of our Jaboratories by exhinustive
chlorinntion of Aroclor 1208 with antimony penta.
chlovide (33).

Gas Ghromatography-Mass Spectrometry

Our efforts were directed at obtaining & good masy
spectrum for each depree vf chlorination in the
TCH'. Where individunf isomers wero availuble, &
fow grains of pure erystnl were introduced directly
by xolid probe into the ionizing chamber of {he mass
apectrometer, The remnining speelya were obtoined
by MS xcanning of seleeted penks after GC repara.
tion of Aloclor mixturcs,

Depending on the Araclor being separated, column
tempurntures were programined at 4*/min ns fol-
lowa: Aroclor 1232, 150-220°C; Aroclor 1254, 170~
240°C; Aroclor 1268, 190-250°C, Total Amount in-
Jected for eacht Aroclor was 0.45-1.0 ug. Identification
of isomers was nasisted by previous MS eharacteriza.
tion of Aroclor mixtures (10-15).

In all easen, o graphical output wax plotted by the
computer to xhow the entire spectrum of cach
ehlorinated speciea, The computer also provided a
digital owtput of each molecular cluster, with the
most intemac iun normalized (o 100%.

Calewlation of Theoretical Inotopic
Abundancea

The theoroticnl relative abundnnces of fona in the
molersar cluster were determined by using the
natural occurrence of eacbon and chlorine isotopes.
The prababilitics of earlou iratopes used are 0.08%
for 22C and 0,01} for PC (4). From these abun-
dances, the probability of afl carbon atoms being
10, one carban slom being VC, and two entbon
atoms being 2C can be determined fur the ehlorin.
ated naphthaiones (CN), potychiorinated biphenyis

(IPCI, nnd potyehlorinsten terhe
CN moleewles huve L enthun slor
the prolichility of all being 170~ 0004, o 1
G, and twe Q€ = QHE, 1'C moleenfes hnve (2
earhan ntomns, giving & probabitity of ’lb b
10 i 0.K74, one NC = 011K, and twn PC = 0007,
PCT malecutes hiave 1K cathon atoms, giving &
probability of all being YC » 0817, one VC =
0.166, and two 1'C = 0.016.

The probabilitiex of chlorine insotopes used are
0.764 for 35Cl and 0.246 for #7CH (31). The occurrence
of *11 was not considered in the ealculntions because
of its small nntural abundance.

The theoretien] values were compied on n
WANG Morel 360 clectronic enleulator for ¢
having from 1 1o & ehlotine mtoms, for PCH'< haviog
from 1 to 10 chlorine atamy, and for PCTs hiwing
from § to 14 chlorine atomys per moleenie, A binemminl
expansion wan used 1o determine eocilicients, nud th
various combinations of chlorine aud earbon iutopes
were woarked into the probability formula used by
Beynon (33) and Uk o ol. (21). The theorctieal
abundnnces are computed for M*, M* 4 1, M* 4 2,
ete., and are expressed as the corresponding m/e for
ench chemical apeeica. The values arc expressed rela-
tive to the most intense ion in the iolecular cluster,
with the parent ion always being the lowest m/e in
the group. Table I givea the parent ion (M*) and
most intense jon for al) chlorinated speciea of CN's,
PCB's, and PCT's.

Results and Dincunaion

Table 2 presents the theoretical probability of
the occurrence of ons in the molecular custer
for CN's, PCH’s, and PCT's. As the probability
of the occurrence of 37Cl increases with increasing
degreo of chiorination, the differences between in-
tensities in the ciusters become less pronouneed.
This is accompanicd by n shift of the most intense
jon in the cluster from the parent ion (M*) to
M* 4 2, then to M* + 4, and finally, in the
higher chlorinated terphenyls, to M* 4 6. These
priterns of intensity are unique for cach chemical
specics, thus providing a ready means of identifi-
cation,

This becomes evident. when the observed m/e
intensities of mono- throngh decachlorobiphenyt
(Table 3) are compared to the theoreticnl PCH
values, The obscrved ratios in the molecular
cluster are nearly a perfect match with that
expected for each PCB. The only places where
there are noticenble deviations from the expected
values are acen at m/c 258 in tri-; m/c 466 in
nona-; and m/c 494, 400, and 500 in decs-, An
explanntion for this may bo that theso specira
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Table L. Parentien and most intense lon for CN's, PCB's, end PCY's

tones (CN) biphanyls (PCB) Polychiorinated terphenyls (PCT)
CiaHie «oCloate CraH1440Clow1a
. Most No. Must No. Most
ot Ct Mt intense® ol Cl M Intenso ot C1 M intense
0 128 [ 154 o 2
1 162 1 188 3 264
2 W 2 22 2 EL
3 w 3 BE 3 n
‘ 264 (266) 4 9 (292) L] 366 (368)
s P (%r) H 324 (226) 5 0 402
6 m 33 6 8 (360) § a (436)
7 %6 368) 7 92 3% 7 468 470)
] 400 00 L 426 (430) L) 502 (506)
: 460 (460) 9 5% (540)
10 454 (498) 10 570 (574)
1n 604 (08)
12 638 (644
n (244 (678)
1 706 12)
® Pacrent on i mostintenso unloss otherwise indicated in parentheses.
were taken while the concentrations of the com- Table 2. (Continued)
pounds were changing in the ion source, thus mie =] rco PCY
affecting ion intensilics. Liven with these devia- 238 1.59
tiong, a chi-square test shows the matehing of 23 3.65
observed to expeeted intensitics to be significant . 0.3 tri
" R 286 10,00
at the 999 level for all PCIY's. 2w 1383
T g 258 98.64
able 2. Theoretical probabHily of the occurrencs 289 12.23
of lons in 1he melecular cluster in 260 270
’, v gt -
CN's, PCB's, and PCT's! 261 an
/e cN pce PCT 62 3
———— — 263 04
mono fatre mono
2 3€0.00 264 76.35 100,00
163 . 265 .61 20.%
164 nn 286 100.00 M55
165 .68 E{24 1.2 6.62
mono 268 42,25 0.63
18 100.00 269 5.49
169 13.53 270 10.8
1% .4 . al 119
pi2) ~ o mn 0.92
ol tolre
—~ 19% 100.00 2% ~76.20
% n.a % 10.31
19 65.77 292 100.00
19 .35 293 1.4
200 n.w (0] 49.42
o 1.20 295 6.5
o 296 10.97
m 300.00 . 29 penta 1.43 al
n 33.53 298 61.34 0.95 100.00
e 66.04 298 6.89 2030
s .82 300 100.00 .15
226 n.n 301 11.24 n
21 L4 302 65.5¢ 11.%
trf 303 1.3 2.16
2% 109.00 . 04 2155
m n.a 308 an
2R ”.37 306 1.7
25n 1.0 07 0.3
b2 ] R 8 0.2¢
(Continued) (Continusd)
.
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Table 2. (Continuad) Tadle 2. (Continusd)
———
nenyls (#C1) m/e CN PcH PCT m/e rco PCT
oete —
o ‘e ponta a% 3.3
Most L 61.04 427 .51
intenss ety 8.26 a8 DR
- e 3 LE nn
321 4 100.00
32 a1 13.0
e W 65.56 ,
I o 0.6 hexa
:‘)::; m hoxa w o] 26.92 50.62
m 50.49 100.00 4 3.57 16.28
(:'“) ) 5.15 20.29 436 1.10 100.00
(w:) 3 100,00 99.74 @ 0.93 0.0
(” ) s 11.24 19.85 a8 118 8262
(%40} 33 8.8 nn 439 0.15 16.38
(1) peed 9.16 .0 “o 0.11 36.65
(0w Y 35.79 409 “l 1.2
4 : S
u 3.9 0.0 2 r.%
wm) 340 8.5¢ LL}] L
o i
34 0.87 “ 1.2
3@ I8t 4 0.23
4“5 nona 0.00
e 460 2597
[ 359 461 3.51
»cT 360 452 .82
———— 361 ®3 0.0
32 464 100.00
363 465 1.1
364 466 76.41
365 tefrs 467 10.23 hopta
36 75.5 463 .59 a8
%) 15,34 469 5.0 8.0
3% 100 00 [y 12.% 100.00
39 19,99 v 1.63 20.12
370 50.10 an 2.2 98.90
m . L 0.35 19.068
m na wn 0.39 54.57
mono 12 2.1y 5 10.69
100.00 m 1.06 i .20
0.3 Ms 0.17 o 3.48
LR s a7 2.69
.6 wn 479 0.68
(X} e w dece 0.0
hepty Ll 20.79
w2 .66 495 2.8
n3 5.9) 95 67.96
N 100.00 Ll .37
395 13.49 4% 100.00 .
3% 8.2 459 .45
w 1313 500 ”.2
39 3.7 501 1m0 octa
99 7.16 penta 502 50.04 3.0
% nmw £0.63 501 6.57 6.7
(1] 2.3 12,30 504 nn 8602
@ 402 152 100.00 505 2.61 1.6
100.00 0 0.4¢ 20.06 506 3.4 100.00
%% o 0.40 66,35 507 o.n 19.9%
oo @ 1.08 508 1.02 66.02
nn 06 7.% 509 0.13 13.01
"'” w1 L8 310 2.3
"“ 400 3.0 s1 5.30
i 409 0.69 812 1.2
40 6.20 812 L3
o ”n n
412 51S 0.2
m 816 0.1z
{Qentinved) {Continved) (Continuved)
.o, ’
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Table I. (Continund)

m/e rcY m/e PCT
nons 6482 "
% .75 “@ 19.35
53 .23 644 100.00
] 7.06 645 19.9¢
539 1534 6 n.y
540 100.00 67 1¢.62
s 20.00 648 Ix)
sz 2.9 649 1.6
50 15.21 650 15.02
544 .11 851 2.50
545 7,40 652 2
546 12.66 653 0.0
547 2@ 654 0.89
54 2.3 655 0.16
549 0.5 1Y .10
%0 o4 trideca
deca 612 9.93
510 20.64 673 2.0
57t “rs 62 a2.28
02 6258 675 XY
573 1266 676 (180
s 100 00 o7 16.71
815 .03 o8 100.00
%6 n.n 69 19.97
517 1y - 80 2
57 80.62 681 16.28
e 9.9 82 oy
80 2.10 8) 9.55
581 189 o 2.3
&z 598 685 s
58 1.06 686 7.06
584 1.07 " 135
585 0.2 5 1.6
506 0.4 689 0.3
undeca %0 0.33
600 16.91
195 3.43 06 fotradece
606 6.9 07 1.8
wr 12.3% 708 .81
0 £00.00 09 .2
: 609 28.06 70 7%.25
610 .5 n 15 3
11 19.61 n2 100 00
boed 64.89 7 20.00
o 12.79 e 0.2
14 2.9 s 17.9
615 5.4 ns 4t
616 9.93 m .63
&7 1.9 " 2.8
s 2.% ns 5.12
819 0.4 20 11.00
20 0.0 i 213
dodeca 22 320
3] 12.09 23 0.61
] 2.61 124 on
0 50.67 225 0.13
o4 10.2)

(Continved)

The isotopic patterns are better scen in the
ntted mpectra (Fign, 1-10). To rave space, anly
the area of the molecular eluster and the major
DRLUCC TR R A0 et TR et show
the muleculsr cluster always to be the moat in-

S

. lities used: '7C = 0.989, 17C = 0.013; *1CI =
0784, ¥7Cl = 0.246.

tense with the Joss of even numbers of chlorine
atoms favored upon fragmentation,

M3 adentification of PCB's w30 not be weeed
by orzanovhitne ravetandes a9 they baoe weaie
parent ions, relative to the PCIR'y, and can tw
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FIO, 1—Mass spectrum of 2-chiorsbiphenyl (Arecior 1232).
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Fi0, 3—Mass spuctrum of 2,44 trichlorolilphenyl (Araclor 1232).
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peatrum of 2,,4, .l'-knuehluompmnyi (Aroclor 1263).

| FIG. 7—Ma:

F1Q, SMass spoctrum ot I.l.l.i,l',!',l'.l'-u:ucm-nblph-nyl (Arocior 1268).
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F1G. $—Mass specirum of !.I.M.G.z'.l'.l'.s’-nonum---hlpnu-yi (Aroctor 1268).

FIQ. 16—~Mass spactrom of docachierehiphenyl.
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Associate nod General Referecs--1as your address changed since the lis¢ of Officers
and Standing Committees of the AQAC was publiched in the March issue of JAQAC?
Thin list is used as the basis of a mailing list~-to notify people of items of interest and
also ta remind people of the dendfine for reports and papers to he prescited at the
AOAC inceting. It is easential that this lirt be kept up to date. 1§ your address has
changed, please notify the AOAC Bunineas Office.
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