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A

INDUSTRIAL CHEMICALS

Reverse Phase Thin Layer Chromatography of Sorﬁe Aroclors,

Halowaxes, and Pesticides

DAVID Ix.STALLING snd JAMES N. HUCKINS
Fish-Pesticide Rescarch Laboratory, Burcau of Sport Fisheries and Wildlife, Columbia, Mo. 65201

The components of Aroclors® 1232, 1218,
1254, and 1260; Malowaxes®™ 1099, 1013, and
1084; and seversl chlorinated pesticiden are
resolved by reverse phase thin layer chroma-
rography (RI"FLC), which permits component
weparation by partition between a nonpolur
stntionury phuse ond u pular mobile phane. R,
viliren of rosulting spots were culculated for
2 of 4 ncw solvent systema (mobilo phasen).
RITLC patterns were reproducible and chare
acteristic of each materisl examined. The apots
were recovered from the piates aud character-
fzed by gas-liquid ehromatograpby (GLC) and/
or G1.C-muss apectromictry. In some casens,
single G1L. peake of Aroclor standards were
resolved Into more than one component by
RPTLC, whereas some RPITLC spots of Halo-
waxen were resolved into as m-uy 4 GLC
peaks, ‘The analysis of envi
of chlorinated compounds was f-cihhled by
this technique.

Polychlorinated biphenyls (I'CBs) are wide-
sprend and persistent industrial pollutants of the
environment (1). Chlorinated paphthalenes (Ha-
lowaxes®) are industrial compounds with a vari-
ety of ures kimilar to PCBs (2).

GLC of PCBs and chlormnlcd nophthalenes
reeults in multi nt grams and
mtil pecently onlv GLC or GLC-mass spec-
frometry (MS) was available for PCB component
resolution, PCB huve Leen separated
by 2-dimensional thin layer chromntography
{TLC) (3), although reselving p,p"-DDE from
I'CBs was the primary object of these experi-
ments. Also reverse phase thin layer chromntog-
ruphy (RPTLC) has been used to resolve PCB
components of I'henochlor® DPG or Aroclor®
1260 (4) but, in our experience, several compo-
rents of Aroclors 1234, 1248, and 1232 were very
war . the solvent front and were not clearly
resolved. Nevertheless, RPTY.C appeared to offer
potential as an aunil v unalyticnl method for

mamining complex resichues of PCBx and other,

tulticomponent chemicala. We modified the ex-

isting RPTLC method (4) to permit scparations
of Aroclors 1254, 1248, and 1232; Halowuxes
1089, 1013, and 1014; and severa) chlorinated
pesticides. In addition, we charaeterized these
components by GLC and/or GLC-MS.

Experimental
Apparatus '

(8) Reverse phose thin layer chromatographic plates,
~~Prescored (20 X 20 ¢cm) glasa plates coated with
kieselguhr G (CaS0, binder) to thickness of 250 ym
(Analiech, Inc., 100 8. Justison Sti., Wilmington,
Del. 10801).

(b) Chromatographic lank.~—Closed glass develop-
ing tank lined with filter paper.

(c) Irradiation lamp.—General Electric G8T5
germicidal UV Inmp,

(d) Gas chromatograph.—Terkin-Elmer Model 880
with $*Nij.electron capture detector. Operational
parameters: column—7' X2 mm id coiled glass
packed with 0.3% (w/w) OV-7 on glass beads; nitro-
gen carrier gas at 40 ml/min; tenperatures (*C)-—
injection port 220, detector 330, column 160 or 100,

(e) Mass spectrometer.~-Perkin-Elmer Modet 270
double-focusing, low-resolution maass spectrometer
coupled through Wnlsou-lmmunn n\oleculnr SEPA-
sator to temp Prog gy
graph.

Reagents and Standards
. (%) Stendards. — Pesticider. — p,p-DDT,  p,p'-
DDE, aldrin, dieldrin, and technical chlordsue (ob-
taincd from Pesticide Repository N'c(mn, Perrine
Primate R h Lab v, Fi } Pro-
teclion Agency, Perrine, Fla. .ﬂl 37). PCBs.—Tech-
nical Aroclors 1232, 1248, 12534, nud 1260 {provided
by Monsanto Chemical Co., 800 N. Lindbergh Bivd.,
8t. Louis, Mo, 63108). Chlorinated naphithaienes.—
Halowaxes 1000, 1013, 1014, 1031, 1051, and 1009
(xecured from Koppers Co., Inc., Bridgeville, Pa.
15017).

(b) Solvents.—Pestivide grade, redistilled in gluss.

(¢) Parafiin oil.—~Liquid petrolatum (Matheson,
Coleman & Bell).

{4) Silver nitrate.—Rengent grade (Fisher Scien-
tific Ca.).
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Preparation of Reverse Phane
Thin Layer Chromaiogsaphic Plates

Enough paraflin oil was dissolved in a shallow tray
filled with petroleum ether (o yield a solution of B0
by volume of the oil in the ether. Next, a preconted
platagas earefully im § in the paraffin-pet
leum eTher solution until the aduorbent layee wan
saturated. Then the piate was removed and allowed
to sir-dry overnight. Plates thux prepured enn by
stored for several weeks without any Joss of separa-
tion efliciency.

Solvent Systema

Four aolvent systems werc employed to obtain
muximum resolution of the various components of
the Aroclors, Halowaxes, and chlorinated pcsllcndu
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developed and visunlized (Fig. 1). This fish con.
tnined 2 PCB residue in excess of 200 ug/g whole
fish as determined by GLC (6).

Results and Discusnion
Visualization sensitivities for the resolved com.
ponents of Aroclor and Halowax mixtures and
for selected pesticides were determined by using

asilver nitrate chr genic spray (the

indicators trivd were too insensitive for the de. .

termination of PCBs and Halowaxes), There
appeared to be some correlution of sensitivity

with degree of chlorinution, particularly for the -

PCBs and Halowaxes. Approximately 15 ug
Aroclor 1232 or Halownx 1099 was required to

(Table 1). All developing solvents were
with paraflin oil by shaking the solvent and about §
m) paraflin oil in # separatory funnel.

Sample Application and Development

AN reference atandurds were dissolved in benzene
(1 mg/ml) und 2-50 ul was spolied at points 2 cm
above (he battom edge of the plate. Paraffin-entu-
rated developing solvent (200 m) of 1 of the 4 solvent
wysten listed in ‘Table 1) was added to 8 filter paper-
lined chromutographic tank, the tank was covered
with n gliss plate, and the stmosphere was allowed
to become eaturnted with the solvent. Fach plate
was developed to n point 15 cm above the sample
otigin, removed from the tank, air-dried in u hood,
and redeveloped and air-dricd twice in a similar
manner, All development was done at ambient tem-

perature (ca 25°C).

Visualization

After finn! development and drying, the ph\(e wan
moved (o a holder for spraying with a ch

achieve vi of mijor T ts, while

only 8 ug Aroclors 1248 and 1234 and Halownxes -
1013 and 1014 waus needed for detection. Sensi-

tivity for some other cumpounds or mistures are
as follows: Aroclor 1260, 2 ug; p,p"-DDT, <2 ug;
p.»"-DDE, <2 ug; and technical chlordane, 5 ug.
Beeause chlordane is a mylticomponent pesticide,
o lower detectjon sensitivity is reasonnble.

We found that 2 solvent systems (1] and fV,
Table 1) were adequate for resolving components
of the compounds tested (see Figs. 2 and 3). Com-
ponents (spots) of the resolved Aroclors and
Halowaxes were numbered in ascending order.
Standards of Aroclors and Halownxes were ana-
lyzed by GLC at 2 different eolumn temperatues,
depending on GLC retention time (Figs. 4-6).

Table 1. Developing solvents for reverse phase thin
layer of PCBs,
naphthaienes, and chiorinated puuciﬂn

sprny consisting of 1.7 g AgNGOs in 200 mt F101t
(©6%) with 1 ml NILOH ndded just before applica-
tion. A uniform spray was applicd to the plate; they
the plate was held over a steam bath for a few sec
1o nllow the steam (o play over the adsorbont Inyer.
Finnlly, the pinte wos pinced under a UV lamp for
severnl min. All chlorinated components appenred
as dark spots on a light background.

Environmenial Analysis
RPPTLC was used to separate PCB residues in &
goldfish, Carossius aurafus L., which was collected
for the National Pesticide Monitoring Program from
the Iudson River at Poughkeepsie, N.Y. The PCB
" (raction of n peteoteun ether extract (rom this fish
(Rample FO12) was obtained by using silicie acid
column chromatography (3). Approximately 25 ug
PCBs from the exiract and staudard Aroclor 1298
were spotted on an RIPTLC plute nud the plate was

Solvent
system® Composition (v/v) Compounds®
' water.scetoniteile-MeON  Aroclor 1232
{20 + 40 4 40)
" water.acetonitrile.-Me O™ Araclor 1248
(15 + 4D + 45) chiordane
dieldiin
oor
aldrin
L] water.acetonitrile-MeOM Aroclor 1254
10 4 45 + 45)
v wator-acetone. Aroclor 1260

acelonitrile-MeOH
(3415 4 40 + 40)

Hatowax 103
Halowax 101¢
Halowax 1099

* Each paraffin.costed kieselguhr G TLC plate i
developed 3 time:

$p.p-DDE may be resolved by using aay of the 4
deveilopers.

€ Mixture of Aroclors 1221 and 1262,

’
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Yable 2. of poly A ) ot
toversa phuse thin layer chromatogtaphic (RPTLC) spots and GLC peaks”

- RPTLC GLe? GiC.mS
Soivent Spot Pesk Rirelative No. of Molecular
system not Ayt nod to p.p* DOE chiorines weight

A Aroclor 1232
" 1 0.35 n 1.46 6 358
2 0.40 n 1.07 s 374
3 0.46 12 1.29 6 358
4 0.55 s 0.64 s 24
] 0.60 1 0.07 1 188
§ 0.06 10 0.97 5 324
7 0.72 2.6 0.76,0.40 5.4 324,290
s 0.75 518 0.30.0.52 34 256,29
£ 0.78 1LY 0.48 4 2%
10 0.34 7.5 0.48,0.20 43 290,256
1 LBl 3 0.21 2 222
r” 0.89 2 0.1% 2 f244
Aroclor 1248
" 1 0.37 b 1.06 5 ”4
2 0.42 12,9 1.28,0.76 6.5 358,324
3 0.4 14 0.63 8 32
L) 0.51 10 0.99 5 k]
L] 0.57 9 0.76 5 N
L3 0.63 6.6 0.30,0.40 3.4 256,250
? 0.58 Mmase 0.47,0.51 . 290
13 0.76 32 0.21,0.15 - 2 22
9 .79 4 0. 3 256
Arocior 125¢ .
n 1 0.21 1% 2.3 [ 358
2 0.27 13 1.55 6 358
3 0.3 12,15 1.28,1.95 (] 358
4 0.40 " 1.6} ] 35
5 0.45 9 6.7% 5 324
[ 0.5% n 1.06 § kL)
? 0.69 L X3 0.66.0.40 5,4 324,290
L} 0.76 A 0.48 4 2%
Aroclor 1260
v 1 0.%0 13 8.2 7
2 0.60 1% 3.3 7
3 0.68 12A.14.37 1.5 6.7
4 0.76 128,13,15 1.6 6.7
5 0.8 [ R} 0.8 $.6 .
3 0.92 10,124 1.2 [ 35
? -0.96 8.0 0.7 5.8 304,308

* Conditions for RPTLC and GLC are those described in text.

‘ See Fips. 2 and 3 for spot numbers end Figs, 5 and 6 for peak numbers.

' My vatues o1 p,p  DDE 107 Soivent tysiems H and IV were 0.60 and 0.92, respectively

“A column temporature of 160°C was uscd, except for GLC of Arocior 1260 which was resolved at 19%0°C.
' Two companents under the same peek.

over the center area of the developed plate, cov-
ering the area of the middle sample. The chromo-
genie agent was carefulty applied and the plate
was irradiated sufliciently to reveal the 2 outside
rows of spots. The foil was removed und hori-
zontal zones of the unreacted middle standard,
correxponding to spots of the 2 outside standards,

were xeraped und eluted with 595 diethyl ether in

GLE peaky were numbered in order of increasing
whention time,

L urder to relate the retention time of GLC
ks obtained from RPTLC sepurations, 3 stan-
sharels of the same material were spotted approxi-
¥ Lemapart and 2 em above the Jower edge”
vliate, The plate was developed as previously
wel und o borrow strip of {oil was placed
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Yable 3. ton of (Hal o
raverse phase thin layer chromategraphle (RPTLC) spots and GLC peaks® R
RPTLC [0 GLC.MS
Solvent Spot Peak Ry relative No. of Molecular
_ system not R no? to sldrin® chlorines weight
T Hatowax 1099
w 1 0.52 n 5 298
2 0.67 6.7, ‘ 264
12,13 s 29
3 0.7 [ . 264
. o.n a8 3.4 230,264
s 0.85 10,5 4“3 204230
3 0.89 2 2 19
Halowsx 3013
w 1 0.48 1,15 1.67,4.64 5 20
2 0.50 16,17 4.98.5.70 6 332
3 0.5 58.12 0.70.1.97 45 264,298
4 0.66 6.0 0.82,1.02, 4 264
1304 2.40,2.82 5.6 138,332
] 0.76 s 1z 4 64
¢ 0.81 10,4 1.52,0.43 4.3 264.230
7 0.05 sA 0.60 3 2%
Halowex 1014
w 1 0.3 15,16,20 6.7 332,36
2 0.44 .12, s 298
1.8 3 332
3 0.5% 5,19 36 230,312
. 0.61 603,14 45 264,298
s 0.81 9.4 w3 264,230

* Conditions for RPTLC and GLC aro thuse described in text,
4 Ses Fig. 3 for spot numbers and Figs. 4 and 6 for pask numbers.

* Ry 01 p,p"-ODEC = 0.92.

4 A column temporature of J60°C was used, except for GLC of Halowax 1014 which was resolved st 190°C.
* Except for Halowex 1014; R values lor this compound are reported relative to p,0°.DOE.

FI0, 1—Reverse phase thin layer chroma

fraction of geldiish extrect (FOIZ),

slandard Arocior 1248, TLC plat
d

83% petroleurn ether. The resulting solutions
were analyzed by GLC.
Temperature-programmed GLC-MS was used
to charncterize Halowax standards a3 to chlorine
content of individunl GLC peaks. In u previous

&; i @
o 2 - e
0|5 e

WMed DOT  133e  OO1  ALD.  Bti1, Cwioa 1013

erse phase thin Iyer chremstagrams (seie
N of Arociors 1232, 1248, and 1254, p.p"00"
P.p"-DOE. aldrin, dieldrin, snd technical chierdsne.
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110.~3. Raverse phase thin layar chromatograms (solv.
ont system 1V) of Aroclor 1260, Helowaxes 1013, 1014,
wnd 1099, snd p.p'-DDE.

Sermtipn temrrtes

110, A--Qas Chrometograms of Halowas stendards: B
ng 1031, 8 ng 1000, 5 ng each of 1031 and 1099, and
4 ng 1013, See text for instrumentat conditions. Column
1emperature—100°C. Numbers sbeve peaks are as-
signed i ecdee of Inc ing retention tima.

stwly, we used GLC-MS to determine the
chbwrine content of GLC peaks representing com-
wents of Aroclor stundirds (5). :
The R, vulues of RPTLC spots nud their corre-
“putling GLC retention times (1) were deter-

T ———

J ~oo1
T a [
2HHON Vimemins

FIG. B—Gas of Aroclor 6ng

1232, B ng 1248, and 4 ng 1254. See Fig. 4 fer GLC
conditions and numbering of pesks.

~
mined for the various Aroclors and Halowaxes
resolved by RPTLC (Tubles 2 and 3). B, and Ry
values were based on >2 determinations nnd
were reproducible in subsequent  separationa.
From MS data, the number of chlorines and
component. molecular weight of corresponding
GLC peaks and RI'TLC spots were determinedt.

Components of the Aroclors were resolved bet-
ter by RPTLC than were Halowax components.
In some cnses, RITLC reparated Aroclor compo-
nents which cluted as a single GLC penk. How-
ever, RPTLC separations of Halownxes resulted
in several spots which were resolved by GLC into
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AFTENTION Tom € iming .
FiG. 4=~Gos thromstograms of Arotins and Walowax Btandsrds: 8 ng Halowsx 105), & ng Areclor 1260, and 5 ng

- Halowax 1014, GLC cendilions were the same 83 in Fig. 4, except column temperature was 190°C.

as many as 4 peaks. We also found that spots
with lower R, values generally correspond to
PCB or Halowax components substituted with
more chlorine atoms and that GLC peaks with
Jonger retention times correspond to spots with
lower Ry volues (4). Spot patterns of iudividual

. Aroclurs or Halowaxes were reproducible and

characteristic of the inaterial they represented.

Aroclor 1232 consists of a mixture of Aroclors
1221 and 1242 and it is not a well defined PCB
formulntion (7). Thus, RPTLC spot pattern in~
tensities may vary somewhat for different samples
of this Aroclor.

Separation of PCB residucs in fishwith RPTI.C
provides cffective resolution of PCB homologs.
The technique in combination with GLC ean pro-
vide information on the isomer and homolog
composition oi PCB residues when MS is not
available for confirmation. RPTLC separation of
Aroclors, Haulowaxes, and chlorinated peasticides

T Recvived July 19, 1972,

offers a complementary method 10 GLC in the
analysis of organochiorine compounds in environ.
mental samples.
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