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SUMMARY

DETERMINATION OF DETERMINING POLYCHLORINATED BIPHENYLS
PCBS IN FOOD BY BY MASS SPECTROMETRY (MS) AND GAS
CHROMATOGRAPHY (GC) WITH ELECTRON
CAPTURE DETECTION (ECD)

A simple, sensitive method for determining polychlorinated biphenyls (PCBs) including
non dioxin-like PCBs (PCB 28, 52, 101, 138, 153, 180) in food has been developed.
The method bases on liquid-liquid extraction with organic solvents, a series of clean-
up steps with acid and solid phase extraction (SPE) using florisil for the pretreatment
and analysis by gas chromatography (GC) with electron capture detection (ECD) aSnd
mass spectrometry (MS). Sample preparation conditions, such as the extraction solvent,
SPE operational parameters (such as elution solvent, elution volume) and instrument
conditions, such as GC column, oven temperature programs, carrier gas flow rate,
were optimized. The congener specific averages of recoveries were 80.3 — 109.2 % with
the relative standard deviation (RSD%) of 2.62 — 7.21 % (n = 6) at spiking levels of
maximum residue limits (MRLs): MRL/2, MRL, 2MRL. Method quantification limits
were in the 0.40 — 0.83 ug/kg range as determined by GC-ECD and 1.30 — 4.16 ug/kg
range by GC-MS. The linearity of the method was good with a linear correlation
coefficient (R?) of 0.996. The method was applied to the analysis of samples of fish
purchased at the Hanoi local market.
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1. DAT VAN BE

Trén thé giéi PCB (Polychlorinated
biphenyl) di san xuét va st dung rong
rdi tr nam 1930 véi nhidu tinh ning
trong c6ng nghiép nhu kha ning truyén
nhiét, cach dién tot,... Viét Nam 1a nudc
khéng san xuat PCB nhung di nhap
khau mét khéi lwong 16n khoang 27000
dén 30000 tan tr Nga, Trung Québc,
Rumani; cha yéu lam chat cach dién
trong may bién thé. Tuy nhién, dén
nhitng nim 60 cua thé ki XX PCB duoc
chi ra 1a mot chit c6 nguy co gay hai lon
cho stc khoe con nguoi nhu: kha nang
gy ung thu va hang loat cac anh huong
xau dén hé than kinh, hé mién dich, hé
sinh duc, hé bai tiét do d6 PCB bi han
ché va cam sir dung. Bén nay viéc ding
PCB khong con nira, nhung do véan d¢
xtr i dau bién thé cé chira PCB chua
dung cach da lam phat tan PCB ra moi
truong. Do d6, PCB duoc tim thay c6
mit trong hau hét cac moéi truong nudc,
dat, khoéng khi va tich tu trong cac mo
m& dong vat va con ngudi. Céc t6 chirc
moi truong trén thé gidi da va dang tiép
tuc cung voi Viét Nam thuc hién cac
quy trinh thu gom, xtr ly PCB [3].

Véi mong mudn xay dung mot quy trinh
phén tich nhanh, chinh xac gitp danh
gid ham luong PCB trong thuc pham:;
chiing t6i da nghién ctu su dung ky
thuat séc ky khi khéi phé (GC-MS) va
sic ky khi véi detector cong két dién tir
(GC-ECD) dé xac dinh ham lugng mot
s6 PCB trong ca.

2. POl TUQGNG, PHUONG PHAP
NGHIEN CUU

2.1. Péi twong nghién cieu

Phan tich 6 hop chat PCB chu yéu (PCB
28, 52, 101, 138, 153, 180) trén nén mau
ca dugc thu mua tai cac cho trén dia ban
Ha Noi.

2.2. Hoa chat, thiét bi

2.2.1. Hoa chat

- Hbn hop chuan PCB gdom 6PCB (PCB
28, PCB 52, PCB 101, PCB 138, PCB
153, PCB 180) nong do6 100ug/ml
(Dr.Ehrenstorfer)

- n— hexan (Merck)

- Diclometan (Merck)

- Kali hydroxyd (KOH, Trung Quéc)

- Axit sulfuric dac (H2SO4) loai 98%
(Merck)

- Cot chiét pha ran
(Phenomenex)

Céac hoa chat déu thuoc loai tinh khiét
phan tich theo tiéu chuan vé hoa chat
cho phan tich séic ky.

2.2.2.Thiét bi, dung cu

- Hé thdng sic ky khi khéi phd (GC-
MS) - Thermo, My

- He thdng sic ky khi detector cong két
dién tir (GC-ECD) - Shimadzu, Nhat

- Can phéan tich XT-220A (Precisa,
Thuy Si), Bo chiét pha rin SPE
Visiprep™ 24 (Supelco, Buc), May ly
tam Z 383K (Helmle, Btrc), May Vortex
Velp scientifica Fuse T 1A (Velp, Chau
Au)

- Céc loai dung cu phong thi nghi¢m:
cbc mo vit, binh dinh mic, micropipet,
dng ly tam 50 ml, phéu loc, 6ng nghiém
thuy tinh cé nat xody loai 7ml...

Florisil

2.3. Phwong phap nghién ciru
2.3.1. Phirong phdp ldy mdu
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L4y mau theo Tiéu chuan Viét Nam
TCVN 5276:1990. Cac mau ci duoc
diéu tra dé thu thap cha yéu phai co
ngudn gdc tir ctra song, duoc bay bén tai
cac chg. Tong sé mau ly tai cac cho
trén dia ban thanh phé Ha Noi la 60
mau. Mau sau khi thu thap dugc mang
ngay vé phong thi nghiém, sau do
nghién min (khéng tich xuong, vay,
dau, vo,chi md bung bo noi tang) va
dong gbi trong bao bi sach véi khoi
lugng khoang 200 g/mau. Mau duoc tién
hanh phan tich ngay hoic bao quan mau
& didu kién — 20° cho dén khi phan tich.
2.3.2. Quy trinh xir ly miu
Can khoang 1 — 2 g mau (sau khi rd
déng) trén can phan tich vao 6ng ly tam
50ml. Thém vao mau 10ml hexan, lic
vortex va ly tdm & 6000rpm trong 5
phat. Chuyén pha hitu co phia trén sang
ong ly tam tha 2. Lam l3p lai budc chiét
v6i 10ml hexan dbi véi phan mau phia
duéi. Gop 16p dich pha hitu co cua 2 1an
chiét. Thém vao dich chiét 10ml H,SO,,
lic vortex va ly tm & toc do 6000rpm
trong 5 phat. Loai bo 16p H,SO4. Thém
10ml H,0, lic votex va ly tim ¢ toc do
6000 rpm trong 5 phat. Loai bo 16p
nuéc. Tiép tuc 1am lip budc thém 10 ml
H,O dé loai H,SO,4 du. Chuyén 16p dich
pha hitu co sang binh c6 quay 100ml va
tién hanh cd quay chan khong ¢ diéu
kién 40°C. Hoa cin bang 1ml hexan va
qua cot SPE Florisil (1g, 600ml) dé lam
sach mau phan tich. Cot chiét dugc hoat
hoa bang 3ml hexan, nap mau tryc tiép
l&n cot, rira giai bang 10ml hexan. Dich
rira giai duoc thoi khd bang khi Ny, hoa
can lai bang 1ml hexan sau d6 bom vao
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GC-MS va GC-ECD. Quy trinh nay
cling twong dong tu vaéi cac nghién ciu
(71,181, [91. [10].

2.3.3. Dieu ki¢n chay sac ky

> St dung cot tach sic ky: DB5 — MS
(30m x 0,32mm x 0,25um) cd ban chat
5% diphenyl 95% dimetylpolysiloxan dé
tach cac chat.

Théng s6 GC-ECD GC-MS

Nhigt  do 260°C 260 °C

injector:

Nhigt  do 300°C 280 °C

detector

Ché do tiém: Iér\l()ng chia kf\l()ng chia
ong dong

K¥y thuat tu dong tu dong

tiém:

Thé  tich 1ul 1ul

mau tiém:

> Diéu kién cho khéi phd (MS):
- Ngudn ion héa: El

- Nang luong ion hoa: 70eV

- Nhiét ¢6 ngudn ion: 200°C

- Ché do full scan: 50 — 500 amu
- Ché d6 chon loc ion (SIM):
Chét phantich m/z

258; 186; 256; 150

PCB 28
PCR 52 220; 292; 222; 150
PCB 101 325,8; 327,7; 184; 109
PCB 153 :jii:g, 361,7; 217,9;
PCB 138 iii:;’ 361,7, 217.,9;
PCB 180 393,7; 395,7; 161,8

3. KET QUA VA BAN LUAN
3.1. Khao sat chuong trinh nhiét do va
tdc do dong



Nhiét d6 anh huéng rat nhiéu dén hiéu
qua tach sic ky. Chuong trinh nhiét do
khéc nhau c6 anh hudéng dén thoi gian
luu giir, Sy thch nhau cua céc hop chat,
thoi gian luu gitr, hiéu luc cot tach, do
phan giai, d6 rong cua pic sic ky...

Két qua khao sat khi tién hanh phan tich
hén hop chuan PCB ¢ ciing nong d trén
GC-ECD va GC-MS thu duoc cac
truong trinh nhiét d6 va téc do dong toi
uu nhu sau:

- Pdi véi GC-MS: Tu 100°C (1
phat), tang 15 °C/ phat dén 200 °C, tiép
tuc tang 5 °C/phat dén 260 °C (10 phat).
Tong thoi gian phan tich: 30 phat. Téc
d6 dong:1 ml/phat.

- Déi voi thiét bi GC-ECD: Tir 60°C
(1 ph(t), tang nhiét do 20 °C/phat dén
200°C, tiép tuc tang 2 °C/phat dén
260°C (10 phat). Téng thoi gian phan
tich: 39,5 phat. Téc do dong: 1,3
ml/phat.

PCE B/ 5 155
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Hinh 1. Sdc dé hon hop cac PCB
trén GC-ECD
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Hinh 2. Sdc dé hon hop cac PCB
trén GC-MS

3.2. Khdo sat quy trinh xz Iy mdu
3.2.1. Lwa chon dung méi chiét mau
PCB la nhiing hop chat kém phan cuc
nén dung méi dung dé chiét cac chat nay
ra khoi mau la nhiing dung moi kém va
khéng phan cuc nhu n-hexan, diethyl
ether, ether dau hoa, diclomethan... Dé
hiéu qua, it doc hai va kinh té hon dung
mdi chiét dugc chon la n-hexan. Pay
cling 1a lwa chon cuia nhiéu tac gia dé
chiét hop chat PCB [7], [8], [9], [10].
3.2.3. Khdo sat quéa trinh 1am sach mdu
bang chiét pha ran (SPE)
Str dung cot SPE florisil (phu hop véi
tinh chat kém phan cuc cia cac PCB) dé
tién hanh khao sat dung méi raa giai, thé
tich rira giai cho qué trinh lam sach mau.
% Khao sat dung moi ria gidi
Ly 1 ml dung dich hdn hop chuan da
biét néng do qua cot SPE florisil da hoat
hoa. Rua giai chat phan tich bang 10ml
c4c hé dung méi ria giai lan luot 1
hexan, toluen, hexan: diclometan
(DCM) (9:1); hexan:dietylete (DDE)
(4:1). Dich ria giai duoc thoi khd bang
khi N5, hoa can vai Iml hexan. Phan tich
ddng thoi chuan va cac dich rea giai.
Tinh d6 thu hdi cac PCB qua cot SPE.
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Qua két qua khao séat (hinh 3): Cac hé
dung méi toluen, hexan cho gia tri do
thu hoi R% > 80. Tuy nhién, toluen la
dung moéi kho bay hoi trong giai doan
théi dung méi nén n- hexan duoc lya
chon la dung moi rira giai cho qué trinh
lam sach qua SPE.

cB

o hexan
m toluen
hexan:DCM (9:1)
W hexan:DDE (4:1)
5 3

Hinh 3. D6 thi so sanh hiéu sudt ria
gidi cua cac hé dung méi khdc nhau doi
Véi hop chat PCB
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% Khdo sat thé tich dung méi ria gidi
Tién hanh phan tich theo thtr tu céc
buéc theo quy trinh xar Iy mau trong
cung diéu kién & cac thé tich rua giai lan
luot la 3ml, 5ml, 7ml , 8ml, 10ml (n = 4)
cho két qua nhu sau:

Véi thé tich raa giai tir 7 dén 10mL thi
duong biéu dién méi trong quan gitta d6
thu hoi R % va thé tich dung méi rua
giai (hinh 4) gan nhu song song truc
hoanh, sy thay doi R % khong khac
nhau biét. Do d6 chidng téi chon thé tich
dung méi rira giai cac hop chat PCB qua
cOt SPE 1a 7 ml.
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Hinh 4. Puong cong biéu dién méi twong quan giira gié tri hi¢u sudt thu hoi PCB
va thé tich dung mdi riza gidi

3.3. Ddanh gia gia tri sw dung cua
phwong phap
3.3.1. Tinh chon loc va tinh dac hiéu cua
phwong phap
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Bom lan luot dung dich chuan
gom 6 PCB va mau tring trong cung
diéu kién phan tich. Két qua (theo hinh 5
va 6) nhan thiy, tai cac diéu kién da
dugc khao séat khi phén tich dung dich



chuan c6 tin hiéu cua 6 pic twong ddi
can xuang nhau tai thoi gian luu tur 13 —
28 phut. Trong khi d6, khi bom mau
trang, khong thu dwoc tin hiéu pic trong
khoang thoi gian 13 — 28 phat. Nhu
vay.hé théng sic ky GC-ECD,GC-MS
c6 thé dung dé phan tich dinh tinh, dinh
lugng cac PCB trong nghién ctu.

.-
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5
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Hinh 5. Sdc dé mau trang (GC-ECD)

Hinh 6. Sdc d6 mau chudn (GC-ECD)
3.3.2. Gisi hgn phat hién (LOD), gidi
han dinh lwong (LOQ)

Chdng t6i tién hanh xac dinh LOD theo
phuong phap truc tiép: dya vao ty s tin
hiéu/nhidu nén (S/N = 3) dé tim gigi han
phét hién cua chat phan tich. Theo do,
gi¢i han dinh lugng: LOQ = 3,33 x
LOD. Céc gia tri LOD, LOQ cua ting
chat dugc trinh bay trong bang 3.

Bdng 3. Gidi han phat hién (LOD) va gioi han dinh lwong (LOQ) cua cac PCB

; LOD cua ph L ia ph
Chit phan tich O ,Cua phuong OQ'Cua phuong
phap (ng/kg) phap (ng/kg)

PCB 28 GC-MS 0,39 1,3

GC-ECD 0,15 0,50

GC-MS 0,5 1,67
PCB 52

GC-ECD 0,25 0,83

GC-MS 0,60 1,98
PCB 101

GC-ECD 0,15 0,49

GC-MS 0,73 2,41
PCB 153 GC-ECD 0,14 0,47

GC-MS 0,84 2,78
PCB 138

GC-ECD 0,12 0,40

GC-MS 1,25 4,16
PCB 180

GC-ECD 0,13 0,43

3.3.3. Khoang tuyén tinh va dwong
chudn

Két qua nghién cir cho thiy trong
khoang nong do 2,6 — 600 ppb ddi voi
thiét bi GC-MS va 0,40 — 164 ppb ddi
véi thiét bi GC-ECD, cac PCB c6 mdi

tuong quan phu thudc tuyén tinh giira
nong d6 va dién tich pic véi hé sé hoi
quy tuyén tinh R? > 0,996. Tién hanh lap
duong chuian ¢ cac vung d6 phu hop
trong khoang néng do6 nay dé dinh luong
ham lugng cac PCB.
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Hinh 7. Puong chudn ciia 6 PCB (2,6 - 250 ppb) trén GC-ECD

3.3.4. P6 1ap lai va dé thu hoi cua
phuwong phap

Str dung mau tring (khéng phat hién
chét phan tich), thém chuan tai mac céc
muc néng d6 (1/2MRL, MRL, 2MRL

twong duong vai 37,5; 75; 150 pg/kg)
theo quy dinh 1881/2006/EC cua chau
Au [6]. Két qua khao sat trinh bay trong
bang 4:

Bang 4. Pé 1ap lai va dé thu héi ciia phirong phép

Muc thém | DJ lap lai, GC-MS GC-ECD
chuan dothuhdi | TungPCB | TéngPCB | Tung PCB | Téng PCB
Rrs % 83,1-100,7 93,2 85,4 - 96,4 91,1
MRL/2
RSD % 3,05-6,14 2,38 4,83-9,79 4,32
MRL Rrs % 80,4 —94,7 86,1 88,3-101,7 94,2
RSD % 2,93-5,72 1,49 3,52-5,74 3,75
SMRL Rrs % 85,6 - 97,1 90,9 84,6 — 98,7 93,4
RSD % 1,54 - 9,48 1,19 2,30-6,29 2,20

So sanh véi yéu cau cua Hiép hoi cac
nha phan tich chinh thong AOAC [4], d6
thu hoi va do léch chuan déu niam trong
khoang cho phép & muac nong do 1 — 100
ppb. Nhu vay, phuong phap c6 dd chum
(d6 lap lai) va d6 dang (d6 thu hoi) dat
yéu cau.

3.4. Két qua phan tich mét sé6 miu
thuc té

Trong 60 mau c4, c6 5/60 mau (8,3 %)
c6 phéat hién cac hop chat PCB. Nong do
cac PCB ¢6 cau tric khac dioxin trong
mau ca dao dong trong khoang 78 — 147
ng/kg, trong d6 c6 1 mau vuot ngudng
gidi han cho phép cua EU. Do sé luong
mau chua du I6n dé khang dinh vé nguy
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co 6 nhiém PCB trong Ca. Tuy nhién su
6 nhidm PCB la van con ton tai vi vay
can tiép tuc khac phuc hau qua do ton du
cac chit PCB 6 nhiém trong moi truong,
dic biét 1a moi truong lién quan dén
chudi thyc pham..

4. KET LUAN

Tir cac két qua thu dugc, ching toi nhan
thiy phuong phap phan tich c6 do nhay
dat yéu cau, phan tich nhanh va chinh
xéc, c6 thé ap dung phan tich cac hop
chat PCB véi do tin cay cao. Két qua
tham dinh cho thiy phuong phap don
gian, d& thuc hién va cd thé ang dung
rong rdi cho cac phong thi nghiém tai
Viét Nam.
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