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Abstract

Polychlorinated biphenyls (PCBs) are a typical group of persistent organic pollutants
(POPs), which have been listed under Annex A (Elimination) and Annex C (Unintentional
production) of the Stockholm Convention. In this study, a gas chromatography tandem mass
spectrometry method was developed and applied to analyze concentrations of 28 PCB
congeners in some Vietnamese marine fish samples. PCBs in fish samples were
ultrasonically extracted with an acetone/n-hexane (1/1, v/v) mixture. The extracts were
cleaned up by using multilayer silica gel columns with dichloromethane/n-hexane (1/1, v/v)
as elution solvent. PCBs were separated on a DB-5MS column and quantified by using a
triple quadrupole mass spectrometer. The MS detector was operated in positive electron
impact ionization (EI) mode and selected reaction monitoring (SRM) mode. Calibration
curves of 28 PCBs exhibited good linearity (R?>0.9998). Instrument detection limits (IDLs)
and method detection limits (MDLs) ranged from 0.08 to 0.023 ng/mL and from 0.07 to 1.84
ng/g, respectively. Recoveries of 28 PCBs native and 7 labeled standards in matrix-spike
samples ranged from 62.3 to 88.1% and from 75.5 to 91.9%, satisfying criteria proposed by
AOAC (recovery 60 - 115% for 10 - 100 ppb levels). The validated method was applied to
analyze 10 marine fish samples, showing levels of 228PCBs from 17 to 851 (mean 230) ng/g
lipid. The sum of 6in-PCBs (PCB-28; -52; -101; -138; -153; -180) based on wet weight
(w/w) ranged from 1.24 to 3.15 ng/g, which is lower than the maximum level recommended
by The European Union (75 ng/g (w/w). Congeners PCB-126 and PCB-169 were not
detected in marine fish samples.
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1. INTRODUCTION

Polychlorinated biphenyls (PCBs) are a group of organochlorines that consist of 209
congeners differing in the number and position of chlorine atoms on the two coupled
biphenyls ring.

n+m=10
Figure 1. Structure of Polychlorinated biphenyls (PCBs)

PCBs can exist as liquids or solids, are chemically inert, have good thermal
conductivity and electrical insulation, decompose at temperatures above 1000°C, and were
produced and widely used in many countries around the world. Thanks to good dielectric
properties, PCBs are used as insulating fluids in capacitors and transformers, as heat transfer
agents and lubricants. PCBs are also used in a variety of products, such as glues and
adhesives, combined with other compounds, such as plasticizers and flame retardants [1].
Despite having many practical applications, PCBs are persistent in the environment, which
has an adverse effect on ecosystems and human health. PCBs can impair the immune system
and increase the risk of certain diseases in humans, such as diabetes, liver disease,
cardiovascular disease, and thyroid disease, and affect the reproductive function of men and
women [2]. In 2001, The Stockholm Convention on Persistent Organic Pollutants POPs
listed PCBs in Appendix A (Elimination) and Appendix C (Unintentional production) and
PCBs containing equipment to eliminate PCBs in the environment completely [3]. Even
though PCBs are not produced in Vietnam, they can be found in machinery, transformer oil,
and capacitors imported into Vietnam. In the period 1960-1990 it is estimated that
approximately 27.000 to 30.000 tons of oil containing PCBs were imported with electrical
equipment from the US, Russia, China, and some other countries to Vietnam [4].

In Vietnam, there have been a number of studies on the distribution of PCBs
concentration in the environment, organisms and humans since 1990 [11-12]. However, data
on PCBs concentration in biological samples are limited, especially marine and mainly
analyzed the concentration of 7 indicator PCBs (7in-PCBs). According to My et al (2019),
fish samples taken from Cau Hai lagoon contained 7in-PCBs, with PCB-153 and PCB-138
as the majority of congeners and accounting for 57 - 87% of total 7in-PCBs. The
concentrations of 7in-PCBs determined were all substantially below the recommended limit
of value [13]. In another study, with fish samples also taken from Cau Hai lagoon, the total
concentrations of 62 congeners of PCBs fluctuated over a wide range, ranging from 63 to
150 ng/g lipid, with mean value of 110 ng/g lipid [14].

There are some methods that can be used to analyze PCBs in fish and food, with a
variety of sample processing methods and analysis methods (Table 1).
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Table 1. Methods of PCBs analysis in fish and food

. Sample Analytical Total content of
Object preparation method Result PCBs Ref.
18 PCBs ASE MDL:0.4-11  106.6-349.8
in fish SPE GC-MS (ng/a) (ng/g lipid) [5]
samples
16 PCBs .
in fish SPE Gcecp  MPL: 031 : [6]
1.13 (ng/g)
samples
7PCBsin m- GC- MDL.:
fish ZrO;@FesOs 12 c 0.02 - 0.06 - [7]
samples QUEChERS (ng/g)
18 PCBs
. GC- MDL.:
in fish QUEChERS MS/MS  0.1-0.5 (nglg) - [8]
samples
19 PCBs 45-7116
in fish - - - (ng/g lipid) [9]
samples 9/g 11p
15 PCBs Soxhlet
in fish Silicagel ~ GC-MS i 185.2-9908 1
(ng/g fat)
samples column

Therefore, this study aimed to analyze the content of 28 PCBs in marine fish samples
collected at markets in Hai Phong, Thai Binh, Nghe An, Ha Tinh and Thanh Hoa. 28 PCBs
were subjected to analyze include: 7in-PCBs (-28; -52; -101; -118; -138; -153; -180), 12
dioxin-like PCBs (12dI-PCBs) (-77; -81; -105; -114; -118; -123; -126; -156; -157; -167; -
169; -189), and other PCBs (-8; -18; -44; -66; -170; -187; -195; -206; -209) on GC-MS/MS.
The obtained results will provide information on the PCBs contents in marine fish to assess
the concentration and characteristics of PCBs accumulation in marine fish.

2. MATERIALS AND METHOD

2.1. Chemicals
2.1.1. Chemicals

Gasses: He gas with a purity of 99.999%, N: gas with a purity of 99.99%. Solvents
including: n-hexane; acetone; methanol with chromatographic purity from Merck
(Germany); dichloromethane (DCM) with chromatographic purity from Fisher Scientific
(USA). Other chemicals including anhydrous sodium sulfate Na.SO4 which is calcined at
450°C for 3 hours ; silica gel (particle size 0.063 - 0.200 mm) and acid sulfuric H2SO4 (98%)
were obtained from Merck (Germany).
2.1.2. Standards

Standards include: a mixture of 28 congeners (WHO/NIST/NOAA) Congener list (28
PCBs) with a concentration of 10 pg/mL in n-hexane were purchased from Accustandard
(USA, P/N: C-WNN); mixture of 7 labeled standards (13C12 LABELED PCB MIXTURE
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including PCB-28; -52; -101; -138; -153; -180; -209) with a concentration of 5 pg/mL in n-
hexane were obtained from CIL, (Germany, P/N: EC-4058) and mixture of 5 internal
standards (13C12 LABELED PCB MIXTURE-A including PCB-77; -81; -123; -126; 169)
with a concentration of 1 pg/mL in n-hexane were supplied by LGC (Germany, P/N: EC-
4938).
2.2. Collection and preparation of samples

Fish samples were collected at several local coastal markets in Hai Phong, Thai Binh,
Nghe An, Ha Tinh and Thanh Hoa (Table 2).

Table 2. List of fish samples collected

Num Fish name Science name Source Code
1 Blunthead puffer Sphoeroides pachygaster Hai Phong HPO1
2 White sardine Escualosa thoracata Hai Phong HP02
3 Scomber Scomber spp Thai Binh TB01
4 Torpedo scad Megalaspis cordyla Thai Binh TB02
5 Yellow croaker Larimichthys polyactis Thanh Hoa THO1
6 Crescent grunter Terapon jarbua Nghe An NAO1
7 Snubnose pompano Trachinotus blochii Nghe An NAO02
8 Scatophagus argus Scatophagus argus Nghe An NAO3
9  Nuchequula nuchalis Nuchequula nuchalis Nghe An NAO4
10 Idian mackerel Rastrelliger kanagurta Ha Tinh HTO1

Fish samples collected at markets were cleaned and coded as in Table 2. In this study,
the fillet samples were analyzed. Samples were freeze-dried, homogenized by a blender to
determine water content, and then finely ground. Samples were wrapped in aluminum foil
and sealed in PE bags with silica gel to absorb moisture and stored at -20°C until analysis.
2.3. Instruments

GC-MS/MS system (GC-Trace 1310, MS/MS-TSQ 9000) using a DB-5MS capillary
column (30m x 0.25mm x 0.25um), the automatic sample pump Triplus RSH Autosampler,
all from Thermo Scientific (USA). Some other equipment includes: ultrasonic tank
Powersonic 410 (Hwashin, Korea); centrifugator Z32HK (Germany); nitrogen evaporator
MGS-2200D (Eyela, Japan), freeze dryers FDU-2110 (Eyela, Japan).

Analytical conditions for PCBs were referenced from [15-16], whereas PCBs were
determined on the GC-MS/MS system (Thermo Scientific, USA). Carrier gas was helium
(99.999%) at a flow rate of ImL/min. The column oven temperature program was initially
set at 100°C (keep 1 min), increased to 210°C (15°C/min), and finally increased to 300°C
(10°C/min, keep 15 min). The sample injection volume was 1 pL (splitless). Mass
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spectrometer detector was operated in electron collision ionization (EI) and set at positive
ionization mode, with the electron energy of 70 eV, the ionization source temperature of
280°C, and the interface temperature of 300°C. The mass sweep range was adjusted from 50
to 500 amu. Spectral data were observed and collected in selected reaction monitoring
(SRM) mode.
2.4. Fish sample analysis

The fish samples processing procedure (Figure 2) is referenced from [17].

Homogenized sample was weighed about 1.000 g £ 0.001 g into a 15 mL centrifuge tube,
spiked with 27.8 pL PCBs labeled standards 13C12-PCB-28/52/101/138/153/180/209 (1
pg/mL). Samples were ultrasonically extracted using mixture of 10 mL of acetone/ n-hexane
(1/1, v/v) in an ultrasonic water bath containing dry ice for 20 min, repeatedly 3 times. The
extracts were then pooled and concentrated under a gentle stream of nitrogen to a volume
less than 5 mL and later reconstituted to 5 mL with n-hexane solvent.

For determining the lipid content, accurately aspirate 0.5 mL of the extraction solution
into aluminum weighing pam (m1). The pans containing the extraction were later dried at
65°C for 5 hours. After drying, reweigh the aluminum pan containing the extraction solution
(m2).

The remaining extract (4.5 mL) was treated with sulfuric acid (98%). Acid was added
dropwise to the sample until the upper layer did not change color. After vortexing for 1 min,
sample was centrifuged at 5,000 rpm for 5 min before transferring the organic phase to a 15
mL centrifuge tube. To remove excess acid, the extraction solution after treatment was mixed
with H20, vortexed for 1 min and centrifuged at 5,000 rpm for 5 min. The organic phase
was later cleaned with a multi layer silica gel column containing glass wool, 1 g sodium
sulfate, 3 g silica gel impregnated with 40% acid, 3 g silica gel impregnated with 20% acid,
1 g sodium sulfate. The clean-up column was activated with 50 mL methanol and 50 mL n-
hexane. PCBs were eluted by 75 mL of mixture of n-hexane/DCM (1/1, v/v). The eluate was
concentrated under a gentle nitrogen stream and spiked with 50 pL of internal standards
(13C 12 -PCB-77/81/123/126/169) (500 ng/mL). Reconstituted the eluate with 0.5 mL n-
hexane by a micro pipette, centrifuged to remove residue before transferring to the analytical
vial before GC-MS/MS.

2.5. Data processing
2.5.1 Lipid content in fish samples
Lipid content was calculated as follow:
mL = (m2-mz) X 10
Where:

mc: lipid weight in fish samples (g)
m1: weight of aluminum weighing pan ()
mg: weight of pan containing samples after drying (g)
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Weighed 1.000 + 0.001 g homogenized
samples into centrifuge tube

Spiked 27.8 uL labeled standard *C1>-PCB 1 pg/mL

Ultrasonically extracted with 10 mL »-hexane/acetone
(1/1. v/v) for 20 min

Repeated 3 times

{ Pooled and concentrated the extractions under N stream to < 5 mL ]

Reconstituted to 5 mL with #-hexane

[ Removed lipid with H>SOx L 4.5 mL 0.5 mL \[ Determined lipid content ]
98%

AL

[ Removed excess H;SO; with H.0 ]

l Organic phase

Multilayer silica gel clean
up column

Eluted by 75 mL n-hexane/ DCM (1/1, v/v)

[ Concentrated under N stream ]

Spiked 50 uL internal standard “C>-PCB 500 ng/mL

[ Reconstituted 0.5 mL with -hexane ]

[ GC-MS/MS J

Figure 2. Flowchart of fish sample processing

The percentage of lipids in fish samples was determined according to the following
equation:
% lipid = == x 100
m
Where: m: weight of fish samples ()
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2.5.2 Content of PCBs based on lipid weight in fish samples
Content of PCBs was determined as follow:

C= (Csample - Chlank) X s
my,

Where:
C: content of PCBs based on lipid weight (ng/g lipid)
Csample: concentrations of PCBs in samples (ng/mL)
Choiank: concentrations of PCBs in blank samples (ng/mL)
V: Reconstituted volume (mL)
mc: lipid weight in fish samples (g)
2.5.3 Moisture content of fish samples
The moisture content of fish samples was determined as follow:

weight of samples before freeze drying — weight of samples after freeze dryin
Hop = (Weis p ying 8 p ying) « 100

weight of samples before freeze drying

2.5.4 Content of PCBs based on wet weight
Content of PCBs based on wet weight was determined as follow:

_ v
C = (Csample - Coran) X (100% — H%)

where:
C: content of PCBs based on wet weight (ng/g wet weight)
Csample: concentration of PCBs in samples (ng/mL)
Coiank : concentration of PCBs in blank samples (ng/mL)
V: reconstituted volume (mL)
m: weight of fish samples (g)
H%: moisture content of fish samples

3. RESULTS AND DISCUSSION

3.1. Retention time and mass spectrometry conditions

Analyzed standard solution at concentration of 100 ng/mL in spectral scanning mode
and compared with reference from NIST spectrum library to determine the retention time of
each substance, select measurement transitions in SRM mode. The retention times and mass
spectrometry conditions to analyze 28 PCBs are presented in Table 3.

Each peak in the chromatogram represents 28 PCBs native, 7 labeled and 5 internal
standards. Detector MS/MS is highly selective because the ions are fragmented MS1 and
MS2, so it can accurately determine the peaks of substances, for isomeric components have
the same qualitative and quantitative SRM fragments were determined based on retention
time.
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Table 3. Retention time and mass spectrometry conditions

Ret. Collision Collision
Num Analyte time Quatitative m/z  energy  Qualitative m/z  energy
(min) (eV) (eV)

IS 13C1,-PCB-77 1245 302.0 > 232.0 28 304.0 > 234.0 28
2LS  18Cy,-PCB-28  9.87  270.0 > 198.0 35 270.0 > 163.0 40
PCB-8 8.5  222.0>152.0 22 224.0 > 152.0 22
PCB-18 9.16  256.0 > 186.0 22 258.0 > 188.0 22
PCB-28 9.90 256.0>186.0 22 258.0 > 188.0 22
’LS  13Cpp-PCB-52 10.38  304.0 > 232.0 45 304.0 > 269.0 10
PCB-44 10.73  289.9>219.9 22 291.9>221.9 22
PCB-52 1042 289.9 >219.9 22 291.9>221.9 22
PCB-66 1144 289.9>219.9 22 291.9>221.9 22
PCB-77 1245  289.9 >219.9 22 291.9 >221.9 22
1S 18Cp,-PCB-81 1228 302.0 >232.0 28 304.0 > 234.0 28
8 PCB-81 12.28  289.9 >219.9 22 291.9>221.9 22
1S 13Cp,-PCB-123 1279 338.0>268.0 28 340.0 > 270.0 28
2LS  18Cy-PCB-101 1179 338.0 > 268.0 30 338.0 > 303.0 10
9 PCB-101 1181 323.9>253.9 22 325.9 > 255.9 22
10 PCB-105 13.86  323.9>253.9 22 325.9 > 255.9 22
11 PCB-114 13.29  323.9>253.9 22 325.9 > 255.9 22
12 PCB-118 13.03  323.9>253.9 22 325.9 > 255.9 22
13 PCB-123 12.79  323.9>253.9 22 325.9 > 255.9 22
1S 13C1,-PCB-126 14.80  336.0 > 266.0 28 338.0 > 268.0 28
14 PCB-126 14.80 323.9>253.9 22 325.9 > 255.9 22
1S 13C1,-PCB-169 1519 372.0>302.0 28 370.0 > 300.0 28
2LS  13Cy,-PCB-138 13.62  372.0 >302.0 40 372.0 > 337.0 10
15 PCB-128 1412 357.9>287.9 22 359.9 > 289.9 22
16 PCB-138 13.67 357.9>287.9 22 359.9 > 289.9 22
2LS  13Cy-PCB-153 13.16  372.0 >302.0 30 372.0 > 337.0 10
17 PCB-153 1320 357.9>287.9 22 359.9 > 289.9 22
18 PCB-156 14.74  357.9>287.9 22 359.9 > 289.9 22
19 PCB-157 1462 357.9>287.9 22 359.9 > 289.9 22
20 PCB-167 1416  357.9>287.9 22 359.9 > 289.9 22
21 PCB-169 1519 357.9>287.9 22 359.9 > 289.9 22
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Ret. Collision Collision
Num Analyte time Quatitative m/z  energy Qualitative m/z  energy
(min) (eV) (eV)

2LS  13Cy-PCB-180 1475 406.0 > 336.0 40 406.0 > 371.0 20
22 PCB-170 1528  391.9>321.9 22 393.9 > 323.9 22
23 PCB-180 14.80 391.9>321.9 22 393.9 > 323.9 22
24 PCB-187 1391 391.9>321.9 22 393.9 > 323.9 22
25 PCB-189 1580 391.9>321.9 22 393.9 > 323.9 22
2LS  18Cyp-PCB-209 1741 507.7 >437.8 28 509.7 > 439.8 28
26 PCB-195 16.01 427.8>355.8 22 429.8 > 357.8 22
27 PCB-206 16.96  461.7 >391.8 22 463.8 > 393.8 22
28 PCB-209 1746 497.7 > 427.8 22 495.7 > 425.8 22

1S: internal standard
2LS: labeled standard

Figure 3. Total ion chromatograms (TICs) of 28 PCBs, 7 labeled standard and
5 internal standards at concentration of 100 ng/mL

3.2. Instrument detection limit

The instrument detection limit is considered to be the lowest concentration of the
analyte for which the instrument will give an analyte signal that is significantly different
from the background signal. The instrument detection limit was determined by 10 times
repeated injection of the 0.2 ng/mL standard solution and calculation based on the standard
deviation of the 10 times measured values. The formula for calculating IDL is referenced
from [18].

IDL=3xSD
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-

Figure 4. Chromatogram of group ions with 6 chlorine atoms around biphenyls (6-Cl)
at concentration of 100 ng/mL

Table 4. Instrument detection limit of 28 PCBs

Analyte IDL Analyte IDL Analyte IDL
(ng/mL) (ng/mL) (ng/mL)
PCB-8 0.014 PCB-114 0.013 PCB-169 0.011
PCB-18 0.016 PCB-118 0.014 PCB-170 0.009
PCB-28 0.016 PCB-123 0.011 PCB-180 0.017
PCB-44 0.021 PCB-126 0.017 PCB-187 0.011
PCB-52 0.018 PCB-128 0.017 PCB-189 0.008
PCB-66 0.023 PCB-138 0.011 PCB-195 0.019
PCB-77 0.023 PCB-153 0.012 PCB-206 0.015
PCB-81 0.016 PCB-156 0.017 PCB-209 0.021
PCB-101 0.019 PCB-157 0.013
PCB-105 0.021 PCB-167 0.011

Instrument detection limits ranged from 0.008 to 0.023 ng/mL, whereas the minimum
value belongs to PCB-189 (0.008 ng/mL.) and the maximum value belongs to PCB-66, PCB-
77 (0.023 ng/mL.). Method has similar IDLs values to other studies [19-20].

3.3 Calibration curve and linearity

Calibration curves were constructed at concentrations 0.2; 0.5; 2; 20; 50; 100; 200
ng/mL for native standards and 50 ng/mL for internal standard in n-hexan solvent. The
calibration curves represent the dependence between Speak of native standard/ Speak of internal standard and
the analyte concentration.
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Table 5. Calibration curves of 28 PCBs (concentration ranged 0.2 to 200 ng/mL)

Linear regression

Linear regression

Congeners : R? Congeners - R2
equations equations
PCB-8 Y =0.063X +0.03 0.9999 PCB-128 Y =0.023X + 1.0000
0.0001

PCB-18 Y =0.033X+0.0003 1.0000 PCB-138 Y =0.022X +0.002 1.0000
PCB-28 Y =0.045X +0.001 0.9999 PCB-153 Y =0.026X +0.005 1.0000
PCB-44 Y =0.025X-0.0002 1.0000 PCB-156 Y =0.021X+0.001 1.0000
PCB-52 Y =0.028X +0.002 0.9998 PCB-157 Y =0.022X +0.001 1.0000
PCB-66 Y =0.030X - 0.001 1.0000 PCB-167 Y =0.026X +0.005 1.0000
PCB-77 Y =0.025X - 0.001 0.9998 PCB-169 Y =0.017X+0.001 1.0000
PCB-81 Y =0.026X + 0.001 1.0000 PCB-170 Y =0.012X+0.001 1.0000
PCB-101 Y =0.025X + 0.001 0.9998 PCB-180 Y =0.014X+0.003 0.9999
PCB-105 Y =0.028X +0.00001 1.0000 PCB-187 Y =0.014X+0.002 1.0000
PCB-114 Y =0.026X - 0.001 1.0000 PCB-189 Y =0.012X+0.001 1.0000
PCB-118 Y =0.025X -0.002 1.0000 PCB-195 Y =0.006X -0.0001 0.9998
PCB-123 Y =0.025X - 0.002 1.0000 PCB-206 Y =0.012X+0.001 0.9999
PCB-126 Y =0.032X+0.0005 1.0000 PCB-209 Y =0.023X +0.03 0.9999

where Y iS Speak of native standard / Speak of intemal standard @Nd X 1S concentration of analyte

Calibration curves of 28 PCBs exhibited good linearity with correlation coefficient
higher than 0.9998, demonstrating a linear relationship between the signal and the analyte

concentration.

3.4. Analysis of blank samples and Method Detection Limit

To determine the method detection limit (MDL), 3 blank samples containing n-hexane
solvent were analyzed following the procedure shown in Figure 2. MDLs were calculated
based on the mean of the blank and the standard deviation of the blank:
MDL = BL + 3SD

Where MDL: method detection limit; BL : mean of the blank; SD: the standard
deviation of the blank

Table 6. Method detection limit of 28 PCBs

Congeners MDL Congeners MDL Congeners MDL
(ng/g) (ng/g) (ng/g)
PCB-8 1.73 PCB-114 1.57 PCB-169 0.33
PCB-18 1.49 PCB-118 1.19 PCB-170 0.30
PCB-28 1.84 PCB-123 1.44 PCB-180 0.14
PCB-44 1.57 PCB-126 1.10 PCB-187 0.27
PCB-52 1.49 PCB-128 0.35 PCB-189 0.26
PCB-66 0.68 PCB-138 1.20 PCB-195 0.08
PCB-77 0.85 PCB-153 0.83 PCB-206 0.44
PCB-81 0.58 PCB-156 0.86 PCB-209 0.07
PCB-101 0.66 PCB-157 0.31
PCB-105 0.59 PCB-167 0.32
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Method detection limits (MDLs) of 28 PCBs ranged from 0.07 to 1.84 ng/g. These
MDL values are similar and even lower than those reported in other studies [5-6], which
proved that the analytical method completely satisfied the requirements of PCBs analysis in
marine fish samples.

3.5. Recovery of labeled standard and analysis matrix-spike samples

PCBs labeled standard *C12-PCB-28/52/101/138/153/180/209 at concentration of 50

ng/mL were added to all samples before the extraction, separation.

Recovery of PCBs labeled standard in matrix-spiked samples (sample HTO1):
R (%) — Concentration ofsurrogate X 100

Concentration of surrogate spiked

Recovery of PCBs native standard in matrix-spiked samples (HT01):
R (%) - Cspike; Chlank x 100%

0
Where: Cspixe - cOncentration of matrix-spike samples

Cpiank- concentration of the background sample
Co : concentration of standard was added into sample

Table 7. Recovery of native and labeled standards in matrix-spiked samples
Congeners  Recovery  Congeners Recovery(%) Congeners Recovery(%)

(%)

PCB-8 68.0 PCB-123 77.4 PCB-189 76.2
PCB-18 68.0 PCB-126 74.6 PCB-195 77.8
PCB-28 74.8 PCB-128 68.5 PCB-206 76.4
PCB-44 64.2 PCB-138 73.7 PCB-209 71.9
PCB-52 62.3 PCB-153 74.3 13C1,-PCB-28 91.9
PCB-66 71.3 PCB-156 85.6 13C12.PCB-52 88.9
PCB-77 73.3 PCB-157 88.1 13C1,.PCB-101 84.3
PCB-81 73.4 PCB-167 76.9 13C1,-PCB-138 89.6
PCB-101 71.7 PCB-169 86.7 13C1,-PCB-153 80.0
PCB-105 76.3 PCB-170 75.7 13C1,-PCB-180 77.4
PCB-114 79.8 PCB-180 79.9 13C1,-PCB-209 75.5
PCB-118 75.2 PCB-187 68.3

The recoveries of 28 PCBs native and 7 PCBs labeled standards ranged from 62.3 to
88.1%, and from 75.5 to 91.9%, respectively. These values satisfying criteria proposed by
AOAC (recovery 60 - 115% for 10 - 100 ppb levels), suitable for analyzing marine fish
samples.

3.6. Concentration of PCBs in fish sample

The validated method was applied to analyze 10 marine fish samples collected from
Hai Phong, Thai Binh, Nghe An, Ha Tinh and Thanh Hoa (Figure 5). Levels of Y 28PCBs
range from 17 to 851 (mean 230) ng/g lipid, with the highest level found in white sardine
(Hai Phong) and torpedo scad (Thai Binh), and the lowest level found in scatophagus argus
(Nghe An).
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Figure 5. Total content of 28 PCBs on lipid weight in marine fish samples

The cumulative of 28 PCBs in marine fish samples in this study were shown as the
percentage (Figure 6) of 9 isomer groups with the number of chlorine atoms ranging from 2
to 10. In all 10 fish samples, the 5-Cl and 6-Cl groups were the main isomer groups,
accounting for 5 -32%, and 17 - 45%, respectively. PCB-153 and PCB-138 were the
dominant congeners, with content of 4.23 - 45.90 ng/g lipid and 1.29 - 39.66 ng/g lipid,
respectively, accounting for 4 - 23% and 4 - 19% of Y 28PCBs. This finding agrees well to
another research by Yo. Uekusa et al. [21], which reported that the 5-ClI and 6-Cl groups
were also major isomer groups, with the percentage of the 5-CI group being 21 - 39% and
the 6-CI group being 23 - 43%. PCB-153 was also found to be the main congener with a
percentage of about 7.2 - 18% of > 209PCBs. In another study, that analysed 36 PCBs in
marine fish samples, PCB-153 and PCB-138 were also the dominant PCBs [22].
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Figure 6. Percentage of PCBs isomer groups on lipid weight in marine fish samples
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The sum of 6in-PCBs (PCB-28; -52; -101; -138; -153; -180) of 10 marine fish samples
on wet weight were calculated to compare with the maximum level recommended by The
European Union. The obtained values for 10 fish samples from 1.24 to 3.15 ng/g wet weight,
much lower than the recommended value (75 ng/g ww) [23]. Congeners PCB-126 and PCB-
169, which are two highly toxic substances belonging to the group of 12dI-PCBs, were not
detected in marine fish samples.

4. CONCLUSIONS

This study analyzed 28 PCBs in marine fish samples on the GC-MS/MS system. The
method was validated, which allow to to estimate the content and features of PCBs in marine
fish with high accuracy. In all samples were collected, PCB-153 and PCB-138 were the
dominant congeners at concentration ranging from 4.23 to 45.90 ng/g lipid, and 1.29 to 39.66
ng/g lipid, accounting for 4 - 23% and 4 - 19% Y 28PCBs, respectively, due to lipophilic
properties and environmental stability. The sum of 6in-PCBs (PCB-28; -52; -101; -138; -
153; -180) on wet weight in all fish samples were lower than the maximum level
recommended by The European Union. And the two highly toxic congeners PCB-126, PCB-
169 were not detected in all fish samples. This study was preliminary assessment of the PCBs
levels in marine fish samples due to the small sample size (n = 10), however it may be used
as a basis for further research with other fish samples, as well as larger sample size.
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Phan tich polychlorinated biphenyls trong mau c¢a bién
bang phuong phap sac ky khi khéi phé hai 1an (GC-MS/MS)

Pham Thi Diém Quynh?, Pham Thi Ngoc Mai, Hoang Quéc Anh?,

L& Minh Thuy?2, Nguyén Thi Hwong?, Vii Khanh Hoa% D6 Thi Thu Hwong?,
Nguyén Thi Xuyén?, Nguyén Xuin Hung?, Chu Pinh Binh3, Vii Pirc Nam?
Khoa Hod hoc, T ruong Pai hoc Khoa hoc Tw nhién,

Pai hoc Quéc gia Ha Néi, Ha Néi, Viét Nam

2Trung tdm Nghién ciru va Chuyén giao Cong nghé,

Vien Han lam Khoa hoc va Cong nghé Viét Nam, Ha Noi, Viét Nam

3Vien Ky thudt Hoa hoc, Dai hoc Bach Khoa Ha Noi, Ha Ngi, Viét Nam

Tom tit

Polychlorinated biphenyls (PCBs) 1a nhom chat 6 nhiém hiru co khoé phan hity (POPs)
dién hinh duoc liét ké trong Phu luc A (cac chat can loai bo) va Phu luc C (cac chat phat sinh
khong chi dinh) theo Cong wdc Stockholm. Trong nghién ctru nay, phuong phép sac ky khi
ghép nbi khdi pho hai 1an (GC-MS/MS) duoc nghién ctru va ap dung dé phan tich ham lugng
28 céu tir PCBs trong mot s6 mau ca bién tai Viét Nam. PCBs trong ca bién duoc chiét siéu
am v6i hon hop dung méi acetone/n-hexane (1/1, v/v). Dich chiét mau duoc 1am sach bang
cot silica gel da 16p voi dung moi rua gidi dichloromethane/n-hexane (1/1, v/v). PCBs dugc
tach trén cot mao quan DB- SMS va duoc xac dinh bang detector khdi phd ba tir cuc. Detector
duoc van hanh ¢ ché do ion hoa va cham electron (ED) va ché d6 quan sat phan tng chon loc
SRM (selected reaction monitoring). Pudng chuan cua 28 PCBs c¢6 do tuyén tinh cao R? >
0,9998. Gi6i han phat hién ctia thiét bi (IDL) va gi6i han phat hién ctia phuong phap (MDL)
dao dong trong khoang 0,08 - 0,023 ng/mL va 0,07 - 1,84 ng/g. Do thu hoi ctia 28 chét chuan
PCBs va 7 chat chuan ddng hanh trong mau thém chuan dao dong trong khoang 62,3 - 88,1%
va 75,9 - 91,9%, dap ng yéu cau cia AOAC (d6 thu hoi 60 - 115% véi khoang nong
d6 10 - 100 ppb). Phuong phép sau khi thim dinh da dugc ap dung dé phan tich 10 mau ca
bién, cho thiy ham luong 28PCBs dao dong tir 17 - 851 ng/g lipid. Két qua tong nong do
6in-PCBs (PCB-28; -52; -101; -138; -153; -180) theo khoi lugng udt dao dong tur 1,24 - 3,15
ng/g, gia tri nay thap hon ham luong t6i da cho phép theo quy dinh ciia Chau Au (75 ng/g
wet weight). Hai cdu tir PCB-126 va PCB-169 déu khong dugc phat hién trong tit ca mau
ca nghién cuu.

Tir khoa: POPs, PCBs, ca bién, Viét Nam, GC-MSIMS.
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