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Or. I. L. ¥Wallen

Envircnmental Protecticn Agency
ffice of Toxic Substances

401 4 Streocet S.W.

v,asainctecn, TC  204€0

Cear Dr. wallen:

Monsanto has a concern over the valizZity of the gerchlori-
nation technicue used by EPA and others to mezsure and/or
confirm polychlorinatad bighenyls in environrental macerials

In our investication of the perchlorinaticn methcd, we have
founé that such chermicals as biphenyl, alkylated birhenvl,
and many other substituted biphenyls, interfere with the
perchlorination technique. It also arpears that various
cetroleum components may interfere. If these chemicals were
oresent in environmental materials that were being tected
for PCB's using the perchlorination methoé, €rroneocusly high
PCB concentrations would Le reported.

A recent article in the Journal of the AQAC (Vecl.58, No.2z2,
1975) points outr two other limitations of the perchlorirnaticen

procedure:

1. Bigh and variable reagent blanks, which
cause erroneously hich £indings.

2. Formation of bromoncnachlorobiphenyl, which
causes low recoveries.

A copyv of the article is attached.
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Dr. I. E. wWallen -2- darch 13, 197¢

Since these limit=zticns can lead
in determininc traze lewvels of EC
semples, we sucggest that EPA care
cf the perchlorinaticn techinigue.
obtaired using this technigue may no

tn U ot

If any other information is needed, pleasa let us xncw.

- A e
J. Tolaman FekLer

e - - -

Hanzger, Pr2Ziuct Azcecstaziliss

mah

cc: Dr. A. C. TrakowsXi
Eavircnmental Protection Acency

-
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JOCRNAL OF THE A0ac (Vol. 35, No. 3, 1973)

Limitation on the Use of Antimony Pentachloride for
Perchlorination of Polychlorinated Biphenyls

WILLIAM J. TROTTER and SUSAN J. V. YOUNG
Diwvision of Chemistry and Physics, Food and Drug Administration, Washington, DC 2020,

Two contaminants are present in commuer-
clally available antimony pentachloride (SbCly)
used to perchlorinate polychiorinated biphenyls
{PCBs) 1o decachlorobiphenyl (DCE). DCB is
found in the ShCly perchlorination reaction
blank in which no PCBs were added. Bromo-
nonachlorobiphenyl (BNCB) is found after use
of 5bCly to perchlorinate PCBs. Levels of DCB
found in the SbClg reaction blanks from vari-
ous distributors ranged from 8 to 972 ng DCDB/
ml SbCly. The relationship of the formation of
BNCB to amounts of various PPCB Aroclors
perchlorinated is examined,

Polychlorinated biphenyl (PCBs) residues are
extracted, cleaned up, and detected by methods
similar to those used for organochlorine pesti-
cides. PCB residues are quantitatively deter-
mined by tomparing the gas-liquid chromato-
graphic (GLC) responze of the muliicomponent
residue and commercial PCBs (Areclord) or a
mixture of Aroclors producing a GLC respoose
pattern similar to that of the residue {1). This
approach is limited because the multicomponent
PCB residue mmay not have the same propor-
tional composition as the Aroclor or Aroclors
used as the quantitation reference. Residues can
be compozed of mixtures of chlorobiphenyl com-
ponents (rom more than I Aroclor. MMetabolic
and other environmental factors complicate the
description of the PCB residue composition.

There has been considerable work to develop
methods to convert the muliicomponent PCBs

. to a single derivative on which to base the resi-

due determination. Procedures have been re-
ported to catalytically dechlorinate PCBs with
hydrogea over palludium or platinum to bi-
phenyl, cyclohexylbenzene, and bicyclohexyl
(2, 3). A principal disadvantage with that pro-
cedure is that the hydrocarbon product is
determined with a GLC flame ionization detec-
tor, resulting in low sensitivity. Attempts have
been made to convert PCBs to the fully chlor-
inated deeachlorobiphenyl (DCB) (3-3). Ar-
mour (G) reported aptimum conditions {or per-
chlorinating PCBs with antimony pentachloride

{SbCl;). The method provides a qualitative
confinnatory procedure for PCB determination
The GLC electron capture detector response i-
enhanced because total PCBs are maaifested as
single peak for DCB. In measuring the singi:
peuk ior DCB the analyst is not faced with
apalytical judgments such as baseline correction.
method of integration, or diserimnination between
PCBs and non-PCB components. Eowever, it i-
necessary to be aware that the various Aroclors
give rize to difiereat equivalents of DCB (3;
and that the nonchlorinated biphenv! (also use..
as a fungicide) is perchlorinated by SbCl, t-
DCB. XNonetheless, using the perchlorinativ:
derivatization can reinforce the residue valu»
determined by measuring a multicomponen:
PCB residue.

During attempts to apply the perchlorinatios
derivatization in determining low residue leve!.
of PCB and make usze of the increased electron
capture response to DCB, 2 contaminants wes-
indicated which led to erratie recoveries of DCD

Experimental
Reagents and Apparatus

(a) Antimony pentachloride.—Hooker Chemica!
Niagara Falls, NY 14302 (received in glass bor:l-
with lead-lined cap); Matheson Coleman & B--..
(MCB), Norwood, OH 45212 (reazent grad=)
Bé&A (Allied Chemiecal), Morriztown, NJ 0777
(reagedt grade, 99°%); Research Organie-Inorgan
Chemical (ROC-RIC), Bellevilla, NJ  07I."
(99.99<¢); and J. T. Baker Chemical, Phillipshur .
NJ 03885 (Baker Analyzed Reagent).

(b) Gas chromatograph —Searle-Apaivtiz (D). -
Plaipes, IL 6008S) Model 5360 with 6 X § mm
glazs column comtaining 190 OV-101 on 80-1¢
mesh Chromosorb W (I{P). Opvratiog conditinns
column flow, 60 ml nitrogeo/min; column, 202°C
detector, 202°C; injector, 225°C; pin-cup dhsic,
clectron rapture detector with iitasium 3 fo:!
detector- voltace (constant de) adjusted to e
one-half full seale recorder deflection for 07 1
DCB when full scale deflection i3 | X 10°° amp

(¢) Maqss apectrometer—~Yarian MAT (253 Rowe
72, Spriogfield, NJ 07031) CHEDF miwss spectrer
eter (M) coupled to Varian Acrograph 2710 ¢
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chromstograph vin sll-gless gvetem using Watson-
Biemsaan 2«tage separator. GLC operating condi-
tions: 6' X 4 mm id glase column containing 3%
OV-l on 80-100 mesh Chromosarb W (HP);
colutnn fiow, 60 ml helivm mia; columz 240°C.
MS operatiog conditiore: elactron cnergy, 70 ev;
emission curvent, 300 pxa; multiplier voltage, 2.2 kv.

Results and Discuseion
A peak ideraical 1o that of DCB was found
in the reaction blank {ur the Armonr perchlor-
‘ination procedure (G) with the described GLC
operaiing conditions, The identification of DCB
was confrmed by GLC-MR of a hexane eviract
of a hvdrolyzed sample of $;Cly which had not
been cubjected o the perchlorinatinn procedure.
Various quantities (02-2.0 ml) of 3bCl, from
the 5 commercial sources were examined to de-
terinine the presence oi DCB. $bCl, alone was
earried through the percliorination reaction (5)
except that no CHCl, was present with ShCl,
in the reaction vessel. DCB was deternuned by
GLC, Table 1 lists the amounts of DCB found.
After perchloinating PCBs with S$bCl,, a
secondary peak with a GLC retention time rela-
tive to DCB of 1.31 was observed similar to that
reported by Huckins ef a!. (7). This later eluting
prok is seen in Fig. 1, the chromatogram from
the 02 ml 3bCl, (Hooker Chewical) perchlor-
ination of 0.50 pg Aroclor 1221. This peak was
faund when SbCl, from eech supplier war used.
The peak was determined by GLC-MS to be due
t bromononachlorobipkenyl (BNCB). BNCB
war assumed to be a competing product with
DCD arising from a small amount of SbCI,Br
in 8bCl,, s0 parameters relating to possible
limitations of the perchlorination procedure were
studied. Various quantities 10.5~10 ug) of Aro-
elors 1221, 1242, 1254, and 1200 in CHCI, were
perchlorinated. Recoveries of DCB and estimates
of 1he relative amounts of BNCR. formed are
given in Table 2, Calculation of the relative

Tabte i, DCB (ng/mi)lormed from various

amounts of 54Cl,y

80Cly, mi
Supplinr 0.2 1.0 2.0 Av.
Hooker Chemical n 7] [} [}
[S]f:] 15 @ 38 13
B8aA o 1042 3 922
ROC.RIC 12 13 12 12
1.7. Baker ) H 7 s
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FIG. l-~Electron captura GLC curve from the 0.2 ml

SbCly (Hooker Chemical) perchlorination of 0.50 ug

Arocior 1221; 0.51 ng equivaient Aroclar 1223 infected.

Pesk 1 represents 0.31 ng DCB. Petk 2 represents
0.28 ng BNCB.

amounts of BNCB product formed wasz based
on comparison of the electron capture GLC peak
height of BNCB with that of 2 DCB reference.

The amount of DCB determined in the reae-
tion blank was direetly proportional to the
amount of 3bCl; used (Table 1). This indicates
SbCly was the source of the DCB and that
contamination from other possible sources dur-
ing the perchlorination was negligible. The pro-
cedure for percblorinating PCBs specifies the
use of 02 mi 8hCl,. SbCl, producing 5-972 ng
SbCl,/m! in the reaction blank would add 0.5-
65 ppb, based on a 3 g sample.

DCB produced in the reaetion blank was as-
sumed to come from PCB contamination of
SbCl,. In an cfiort to locate the origin of this
contamination, SbCl; botile elosures were investi-
gated. GLC analvsis of hexane, in which the
plastic caps were soaked for 4 daye, did not
reveal PCB:. Hooker Chemical, the sole do-
mestic soyrce of SbCl,, supplied SLCI, in glass
bottles with lead-lined caps. This bulk supplier
of ShCl, indicated that the production of chio-
rine in carhon anode half-cells with linzeed oil
or other orzanic binders forms certain organic
compounds: however, the destructive oxidative
environment in the clectrolytic cells would make
the production of PCB unlikely as a result of this
pathway, On the ather hand. antimony metal is
commonly obtained as a metallurgical by-prod-
uct by carbon reduction of its oxide; therefore,

I wOTYeT
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Table2. DCB and BNCB from perchlorination of
varigus Aroclors with 0.2 m{ 5dCls* .

[o1ed-] BNCB* DCB + BNCB?

Amt, recd, reed, combined
Aroclor sg % % rec, %
1260 10 [ ] 0 15
1254 10 [ 7] 0 8
1242 10 1] 4 92
1221 10 67 - 16  }]
1260 4 1 3 ) 81
1254 -4 10 o ]
1242 4 78 ] 85
1221 4 70 18 1]
1260 0.5 89 2 9
1254 0.3 78 [ "
1242 0.5 72 10 82
1221 0.5 §0 19 19

¢ Hooker Chemical SbCls,

* Quantity caiculated by comparison of slectron cap-
ture GLC response lo BNCB vs. response to DCB refer-
ence standsrd.

it is conceivable that PCBs could be aszociated
with the antimony metal employed in the SbCl,
process. No heat transfer systems containing
PCBs ‘are used in either the chlorine or ShCl;

.production facilities, and SbCly does not come

into contact with plastics in the manufacturing
operation or in shipping containers (Hooker
Chemical nnd Plastics Corp., 1974, private com-
munication).

Two parameters (various quantities and vari-
ous Aroclors) were studied in relationship to
the production of BNCB as a competing prod-
uct of DCB Quring the perchlorinazion of PCBs.
BNCB was calculated by comparison of the elec-
tron eapture GI.C response to BNCB vs. the
response to DCB. Several factors are considered:
(1) In this rcaction bromination iz kinetically
favored over chlorination, With perchiorination

JOURNAL OF THE a0AC (Vol. 58, No. 3, 1072

of lower amounts of PCBs the relative yield ¢
BNCB to DCB is greater because the brom:
ating agent is the limiting quantity in conta~
inated SbCl. (2) Bromination occurs to a larz-
degree for a given quantity of the less chlor:
nated PCBs such as Aroclors 1221 and 12.
rather than for 1254 and 1260. This likely 15 1.
to a greater number of reactive sites and l.:
steric hindrance. (3) In the range of PCBs par
chlorinated (0.5~10 xg) in the above study, it :
likely that with lower amounts of PCBs and
or less chlorinated Aroclors the decrease in D(C.
recovery is principally due to the increase .
BXNCB formed.

One of the major advantages of perchlorin.:
tion in determining minute quantities of PC:
is the inherent increase in effective GLC dete
tor response. Contaminated SbCl,, as deseric
here, would preclude its use in many of th:
cases.
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This paper wh3 pressnted st the S9'h Annual Meeting
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