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ABSTRACT

A capillary gas chromatographic-mass spectrometry with quadruple ion
trap was applied to nine polychlorinated biphenyl (PCB) congenersin waste
oil. The optimized procedure involves solvent extraction using dimethyl
sulfoxide (DM SO) in first step and mixture of ethyl acetate and hexanein
second step. Extraction efficiency was monitored by using pyrene-d10 as
surrogate standard. The separation of PCB congenerswasdonein VF-5MS
(30mx0.25 mmx 0.25 um) column and analysed on GC-MS using selective
ion monitoring mode (SIM). The method was calibrated using two internal
standards; phenanthrene-d10 and chrysene-d12. Correlation coefficients
of al studied congenersranged from 0.9993 to 0.9999 for 7 point calibration.
Recoveriesof PCB congenersfromwaste oil are over 94 % with RSD below
5% (n = 6). The method is suitable for the analysis of PCB congenersin
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waste oils with high sensitivity and accuracy.
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INTRODUCTION

Organic pollutantsintraces|evel sthreaten our en-
vironment asthey cause potentially dangerous public
hedthrisks. Their useregulated throughlegidation, re-
quires continuous and regular monitoring of factories
effluentsand import hazardous goods. Industrial waste
oilsareclassified astoxic residuesowingto the pres-
ence of toxic chemicals such asheavy metals, poly-
chlorinated biphenyls (PCBs) and polycyclic aromatic
hydrocarbons (PAHSs), anong others. Theinterest of
the PCBsasan environmental pollutant beganin 1966
when they were catal ogued ashazardouswaste. PCBs
were used in the manufacture of transformersand ca-

pacitors, asdielectric and heat transferring fluids, fluids
in hydraulic and vacuum systems, plasticizersand as
flameretardants(fire preventives) becauseof their ability
towithstand at very high temperatures. PCBsare com-
poundsartificialy synthesized from the substitution of
hydrogen atomsby chlorineatomsin the biphenyl mol-
ecule. Thissubdtitutionispossibleinany postionandin
combinationsof 1 to 10 chlorineatomsin each mol-
ecule?, The 209 possible PCB congenershave only
been synthesized under laboratory conditions by
cadogan coupling®. Thismishmash of congeners, as
well astheir similar physical and chemical properties
makes PCBsdifficult compoundsto andysg4. Aliphatic
hydrocarbonsare main componentsof the samplema
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trices, effectivemethodsfor PCBs separation from di-
phatic hydrocarbonshave beeninvestigated keenly>8.,
To separate PCBs from aliphatic hydrocarbons, re-
searchershave used partition between non-polar sol-
vent and non-proton polar solvent, such asdimethyl
sulfoxide® 19 acetonitrilé*Y and dimethylformamidg*?.
Solid phase extraction (SPE) system isa so reported
for pre-concentration of sampl€**9, Recently anew
technique solid-phase microextraction (SPME) isde-
veloped for the extraction and concentration for
PCBS¢. The analytical methods for PCBs are cur-
rently based on their separation by gas chromatogra-
phy (GC) using capillary columnswith specific detec-
tors such as electron capture detector (ECD)!*" and
mass spectrometry (M S)12¢2%, Waste mineral ail (fuel
oil, used lubricating oilsetc.) isahazardouswasteand
transboundary movement of waste oil isnot permitted,
neverthel esstheimport of waste oilshasbeen taking
placein India It has been found that waste oils con-
taining hazardous contaminants (like PCBs, PAHS,
heavy metalsetc.) are often dumpedin the countries
which do not have sufficient monitoring mechanisms.
PCBs are added to waste ail s by intentional or acci-
denta mixing. Because of their oily appearance and
minera oil miscibility, they aremixed with other waste
oils. Inmany cases, PCBsownersddiberately mix PCBs
with other wasteoilsin order to hide PCBs, thussaving
expensesfor thedisposal of PCBI?U. Thisinvestiga-
tion was undertakenin order to establishasuitable sol-
vent extraction method for low concentration of PCB
congenersand their analysisby GC-MSwithiontrap
anayser inwaste oil samples.

EXPERIMENTAL

Reagents

Thesolventsethyl acetate, hexaneand dimethyl sul-
foxide (DM SO) were HPLC gradeand sulphuric acid
(98 %) wasA. R. gradeused inthe present work. Silica
gdl (100-200 mesh, Sigma—Aldrich) activated at 200
°Cfor 6 hoursand anhydrous sodium sulphate (A. R.
grade) were used in the clean-up stage. Water was
purifiedwithaMilli-Q plussystem (Millipore).

Sandard solutions
The mixture of PCBs was purchased from
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AccuStandard (M-680A). Phenanthrene-d10 and
chrysene-d12 from AccuStandard (M-680-1S-10X)
and pyrene-d10 from SigmaAldrich wereused asan
interna standards and surrogate standard respectively.
All thesolutionswerepreparedin 1:1 ethyl acetateand
hexanemixture. Solutionsof 0.0156-12.50 mgkg*were
prepared from the stock solution for calibration of dif-
ferent congenersand 0.3 mg kgof internal standards
were added to each.

Extraction procedure
Sulphuricacid treatment

Portion of about 5.0 g of waste 0il samplewasac-
curately weighed and transferred in to separating fun-
nel. Then 10 ml mixture of sulphuric acid and water
(1:1) was added cautiously. The solution was shaken
thoroughly and discarded the agueous|ayer. Thesame
procedure was repeated two times. It may be neces-
sary towashtheoily layer of sample (approximately 2-
4 times) with 10 ml of water until the wash water is
neutral to pH paper.

Solvent Extraction

Thesamplefrom sulphuric acid treetment wastrans-
ferredinto aglasscentrifugetubeand 1 ml of 2.5mg
kg of pyrene-d10 wasadded. Thefirst extractionwas
carried out by 10 ml DM SO and water (95:5) then
repeated thesamewith 8 ml and findly 5 ml after keep-
ing the tubesinto centrifuge machine (3500 rpm) for 10
minutes. Then 10 ml water was added in extraction
portion. Thiswas further extracted with 10 ml ethyl
acetate and hexane (1:1) mixture, repeated the same
with 8 ml and finaly with 5 ml after keepingin centri-
fugemachinefor 10 minutes. Theextracted portionwas
reduced inrotary evaporator and madeupin5 ml after
adding 1.5 pg of internal standards and finally injected
1puL into GC.

Samplecleanup

A variety of substancesin waste oil can besmul-
taneously extracted and causeinterferencein thede-
termination of PCBsby GC-MS. Therefore the ex-
tractionwaspurified usngsilicagd column. Theclean-
up procedure was asfollows: The concentrated ex-
tractswere applied to open glasscolumn (0.45m, 1
cmi.d.) filled with (from bottom to top) glasswooal,
silicagel (100-200 mesh) and anhydrous sodium sul-
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phate (2 cm). The extracts were eluted with aless
polar solvent (hexane 30 ml) whichisagood solvent
to elutethe non polar PCB% from silicacolumn, re-
duced thevolumein rotary evaporator and made up
in5ml after adding 1.5 pg internal standards and fi-
nally injected 1 uL into GC.

I nstrumental analysisof PCBs

Theanaysisof PCBswascarried out by aninte-
grated system of gas chromatography, equipped with
automati cinjection system and coupl ed to amass spec-
trometric sysemwith quadrupleiontrgp andyser. Varian
CP-3800 GC, Saturn-2200 mass spectrometer with
autoinjector CP-8410 was used for analysis. The sepa-
ration of congenerswasdonein a30 meter length, 0.25
mminternd diameter and 0.25 pum film thickness coated
with 5% phenyl-95% methyl polysiloxane Varian V-
5M S column. Heliumwasused asthecarrier gasat 9.6
ps pressureand 1 ml min flow. Theinjector wasused
at constant temperature and 280 °C. Theinitial oven
temperaturewas 80 °C (4 minisothermal) to 180°C
(at 20°C min?) to 250 °C (at 2 °C mint) to 280 °C (at
10°C min't) isothermal for 4 minutes. Theinjection
volumewas1 L in split less mode. The temperature of
iontrap, manifold and transferencelinewas 220°C, 50
°C and 280 °C respectively. The mass spectrometer
was used in SIM mode under e ectronimpact at 70 eV
and scan time 1 second.

RESULT AND DISCUSSION

PCB congenersidentified in GC-MS-SIM

In order to determine the PCB congeners present
in the mixture of AccuStanadard (M-680A) a chro-
matogram with the 2.50-12.50 mg kg* concentration
of PCBsand 0.3 mg kgtinternal standardsspikedin
PCBsfreewasteoil followed by optimized procedure
was obtained (Figure 2). Using the NIST-2.0 library
search and Varian Workstation-M S datareview ver-
sion 6.6 software, 11 compoundswereidentified inthe
mixture, 9 of them are PCBsanother two are phenan-
threne-d10 and chrysene-d12. Generally PCBs e ute
inGCinanincreasing order of thenumber of chlorine
atomsinthe biphenyl moleculel®. Thisconditionis
fulfilled by themgority of theidentified congeners. All
cal culations were done us ng quantitation ion abun-

Hnalytical CHEMISTRY o

WCoures

W Coures

| H,J .

|

b ) o

Figure1l: TIC of spiked PCBs (1.0-5.0 mg kg') waste oi
samplewithout sulphuricacid treatment (A) and T1C of spiked
PCBs(1.0-5.0 mgkg?) waste oil samplewith sulphuric acid
treatment (B).
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Figure2: T1C chromatogram of PCB congeners, M -680A
fromAccuSandard, 2.50-12.50mgkg?in ethyl acetate
hexanemixture

Peaks: (1) PCB 1, (2) PCB 5, (3) phenanthrene-d10, (4) PCB
29, (5) PCB 50, (6) PCB 87, (7) PCB 154, (8) PCB 188

(9) chrysene-d12, (10) PCB 201 and (11) PCB 209.

dance. Theconfirmation ionswere used to confirmthe
peak beingintegrated. TABLE 1 showsthe structure
of PCBs, IUPC identification number of PCBs,
quantitationion, confirmationions, retentiontime(R.T.)
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TABLE 1: Retention timeof PCBs, inter nal ssandar dsand surrogate standard

Structure IUPACno. Quantitationion  Confirmationion RT (min.) Internal standard

2 1 188 152 10.28 Phenanthrene-d10
23 5 22 152 12.70 Phenanthrene-d10
245 29 256 186 15.16 Phenanthrene-d10
2246 50 292 220 15.62 Phenanthrene-d10
22345 87 326 254 23.44 Phenanthrene-d10
224456 154 360 288 23.%6 Phenanthrene-d10
2234.,5,6,6° 188 394 322 26.55 Chrysene-d12
22,334,566 201 430 356 32.98 Chrysene-d12
2233445566’ 209 498 428 45.60 Chrysene-di2
Phenanthrene-d10 188 187 14.16 -—

Chrysene-d12 240 236 3R2.58 -—

Pyrene-d10 212 208 2192 Phenanthrene-d10

at whichthe congenerseluted and internal standards  Accuracy

used for different PCBs.
Sulphuricacid treatment

Comparing the chromatograms obta ned without
sul phuric acid treatment and with sulphuric acid treat-
ment, a better baseline was observed from the
sulphuric acid treatment (Figure 1). It wasalso found
that sulphuric acid treatment gives better recovery of
PCB congeners.

Quiality control

The quality control of the method was evaluated
withthefollowing parameters; linearity, accuracy, limits
of detection (LoDs), limitsof quantification (LoQs), re-
pestability, recovery and reproducibility. TheLoDsand
LoQswere cal culated from thefoll owing equationf?.
LoDs=3s/m Q)
LoQs=10s/m 2

Wheresisthesamplestandard deviation for the 6
replicatesanadysesandmisthedopeof cdibration curve.
Linearity

Inthe present work, thelinearity of themethod was
determined by injecting 1 uL of spiked blank matrix ex-
tracts. Linear cdibration grgphswerecongructed by leest
quaresregress on of concentration versuspesk areaand
height ratio (analyte/ 1.S.) of thecalibration standards.
Thecdibration graphsobtained for 0.0156-2.50 mg kg
for PCBs1, 5and 29, 0.0313-5.00mg kg * for PCBs
50, 87 and 184, 0.0468-7.50 mg kg* for PCBs 188
and 201 and 0.0781-12.50 mg kg*for PCB 209 were
linear over the concentration rangeexamined. Correla
tion coefficientsof al studied PCB congenersranged
from0.9993t00.9999for 7 point cdibration (TABLE2).

Analysisof mixture of M-680A at different con-
centrationsspiked in PCBsfreewaste oil followed by
optimized procedurewas performed to evaluatethe ac-
curacy of the GC-MS-SIM method. The concentra-
tion of PCBswas calculated from calibration curves
and theaccuracy of theresultsisexpressed in terms of
relativeerror (TABLE 2).

UCS - 1) EHE

mnizZZ 3

=

m / x 380 ()

mfz 8B (B}

T

mrz 8C{10) -
l#:i- [T 18] -

b E] E] A

Figure3: SIM chromatograph of PCB congener sspiked in
PCBsfreewaste oil sample

Peaks. (1) PCB 1, (2) phenanthrene-d10, (3) PCB 5 (4) PCB
29, (5) PCB 50, (6) PCB 87, (7) PCB 154, (8) PCB 188,

(9) chrysene-d12, (10) PCB 201 and (11) PCB 209.

L imitsof detection and limitsof quantification

LoDsand LoQsvauesarespecifiedin TABLE 2
were ca culated through the definition based onthe stan-
dard deviation of thesignd of theblank injectionsfol-
lowing l[UPAC recommendations®. Thelimitscalcu-
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lated from the equations 1 and 2 for PCBswhichis
spiked in PCBsfreewaste oil sampleand followed by
optimized procedureare LoDs0.10-0.13 ug kg* and
L0Qs0.30-0.42 ug kg™.

Recovery study

Waste oil (PCBsfree) was spiked with aknown
amount of congeners(1.0-5.0 mgkg?) alongwith 2.5
mg kgt of surrogate standard. The extraction proce-
durewasfollowed, the extractswere subjected to GC-
M S and the recoveries of each congenersand surro-
gate standard were ca cul ated by referenceto thecali-
bration graphs. The TABLE 3illustratesthat recovery
resultswhich showswithinthecommonly accepted range
94.8-98.0 % recovery and 2.1-4.1 % RSD. Figure 3
showsexampleof SIM chromatogram for PCB con-

Figure4: SIM chromatogram of waste oil sample
Peaks: (1) phenanthrene-d10, (2) PCB 188 (3) chrysene-d12,
(4) PCB 201 and (5) PCB 209.

TABLE 2: Validation parameter sof the PCB congener s
AccuStandard Relative LoDs LoQs

PCBs gg&;ﬂ?&?‘s‘ M-680A  error (ng (ng

(ngkg™) (%) kg) kg?)
1 0999% 156 70.961 0.13 0.42
5 09997 156 0641 013 042
20 0999 156 +0.320 013 0.42
50 0.9999 313 0638 010 032
87 09993 313 0319 010 032
154 0.9994 313 0000 010 0.32
188 0.9997 46.8 0384 012 040
201  0.99% 46.8 +0.277 012 040
209 0.9994 78.1 0128 010 0.30

TABLE 3: Recovery of spiked PCBsfromwasteoil

Amount % %
PCBsand Recovery RSD Recovery RSD
of PCBs . ;
surrogate (mg kg (silica (%) (sulphurlc (%)
gel) acid)
1 1.0 89.5 8.2 94.8 4.1
5 1.0 90.1 5.6 95.0 3.9
29 1.0 91.4 52 96.8 35
50 20 87.9 6.8 96.0 3.0
87 20 90.2 32 95.0 4.0
154 20 90.2 5.9 97.0 34
188 3.0 89.9 8.0 96.5 32
201 3.0 84.0 9.0 95.0 3.8
209 5.0 85.0 2.2 98.0 2.1
Pyrene-d10 25 96.0 2.5 98.0 1.8
TABLE 4: Reproducibility of PCBs
PCBs R.T. Area
PCBs spikeq1 ROQD (min.) ROQD counts RO/SOD
(ngkg™) mean mean
1 15.6 58 1028 0.047 17529 1.82
5 15.6 82 1270 0.047 5092 165
29 15.6 59 1516 0.017 4121 165
50 313 98 1562 0025 8005 175
87 313 58 2344 0025 6794 195
154 313 78 239 0048 6772 195
188 46.8 25 2655 0048 7381 207
201 46.8 92 3298 0016 7421 2.05
209 78.1 45 4560 0.016 15660 1.97

geners spiked wasteoil sample.
Reproducibility

Thereproducibility of theextraction procedureand
Varian CP-3800 GC, Saturn-2200 mass spectrometer
CP-8410 with VF-5M S column was studied for six
replicate spiked samplescontaining 0.5-2.5 mg kg™ of
PCBs(TABLE 4). The RSD in area countsfor total
PCB waslessthan 3 % (two setsof six replicateinjec-
tions). TheRSD of extraction procedureand retention
timeswere2.5t0 10.5 % whichisbd ow the CLP maxi-
mum alowable RSD of 15 %.1%.

APPLICATIONOFTHEMETHOD TO REAL
SAMPLES

The devel oped method was applied to the waste
oil samples. Accordingto the Indian EPA, Hazardous
Wastes (Management, Handling and Transboundary
Movement) rule 2008, thelimit of PCBsinwasteoil is
lessthan 2 mg kg™. Theaverage and standard devia-
tionof individua PCB concentrationsmeasuredinwaste
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TABLE5: Mean concentration with SD of PCB congener sin waste oilssamples(mgkg ™)

PCBs Samplel Sample 2 Sample 3 Sample 4 *Sample 5 Sample 6 *Sample 7
M ean+SD M ean+SD M ean+SD M ean+SD M ean+SD M ean+SD M ean+SD

1 ND ND ND ND ND ND 3.20+1.10

5 1.10+0.77 1.20+1.41 ND 0.30+£0.42 ND ND ND

29 ND ND ND ND ND ND ND

50 ND 0.30 ND ND ND ND ND

87 ND ND ND ND ND ND ND

154 ND ND ND ND ND ND ND

188 ND ND ND ND 0.40 ND ND

201 ND ND 0.50+0.39 ND 1.40+0.80 0.60+0.21 ND

209 ND ND ND ND 4.40+1.10 ND ND

ND: not detected * Sample shows PCB congeners greater than the limit given in Indian EPA, Hazar dous Wastes (M anagement,

Handling and Transboundary M ovement) rule 2008.

oil samplesare presentedin TABLE 5. Two samples
werefound PCBsgreater thanthelimit givenin EPA.
Figure4 shows SIM chromatogram of sample.
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