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SUMMARY

SIMULTANEOUS DETERMINATION OF 16 POLYAROMATIC
HYDROCARBONS IN MEAT AND MEAT PRODUCTS BY GAS
CHROMATOGRAPHY TANDEM MASS SPECTROMETRY

An analytical method using QUEChERS sample preparation and GC-MS/MS determination was
developed for the determination of PAHs in meat and meat products. The method was in-housed
validated in term of specificity, linearity, repeatability, recovery, LOD and LOQ, and was proved as
suitable and reliable for the intended application. The method was used for detecting PAHSs in 6 meat
samples and 24 meat-based food samples (8 fried meat samples, 8 grilled meat skewer samples and 8
smoked meat samples). Analytical results showed that 22/24 samples of meat-based food contained
PAHSs, 8/24 samples having the total residual amount of PAHs higher than the maximum limit
tolerated by EC (35 wg/kg), 4/24 samples containing benzo(a)pyren at levels lower than the maximum
limit tolerated by EC (5 r/kg).
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1. MO PAU

Cac hydrocacbon thom da vong (Polycyclic Aromatic Hydrocarbons — PAH) la
mot nhém hop chit gdy 6 nhiém nguy hiém do chung cé doc tinh cao va ton du lau
trong mdi trudng (dat, khong khi, cic ngudn nudc, cac 10p tram tich va dic biét tich liy
trong thuc pham). Cac hop chat nhom nay it tan trong nudc, dé tan trong céc chat béo,
dung méi hiru co hay acid hitu co, dé di vao co thé thong qua chudi thire dn. Trong sb
cac PAH, nguoi ta dic biét chu ¥ dén benzo(a)pyren vi doc tinh ciia chit nay. O nhiing

88



lidu lugng nhit dinh PAH thudng gay ra nhiing tac dong khong tot dén sy sinh san, sinh
truong, phat trién va kha nang mién dich. Sau mot thoi gian dai tich ty trong co thé,
PAH s& giy anh hudng truc hodc gian tiép dén sirc khoe con nguoi thong qua mot sd
con duong khac nhau. Vi con ngudi, PAH c6 thé 14 tac nhan gy dot bién dan dén ung
thu, gay dot bién gen [4].

Vi dbi tuong thuc phém, viéc ché bién co su dung nhiét nhu ran, nudng... hodc
bao quan bing x6ng khoi thudng 1am cho thuc phdm bi nhiém PAH [4]. M6t s6 nghién
ctru trén thé giGi da tién hanh xac dinh PAH trong cac san pham chtra nhiéu chat béo
nhu ¢4 hi, thit... [3][5]. Tai Viét Nam, cho t&i nay chua c6 nghién ctru ndo dugc thuc
hién vé tinh trang c6 mat cia PAH trong thuc phém, nhét 1a thuc phém ché bién san.
Trong nghién ctru nay, ching t6i xdy dung mot phwong phap dé xac dinh ddng thoi cac
PAH trong thit va thyc pham ché bién san tir thit, st dung k¥ thuat sic ky khi khdi phd
hai lan (GC-MS/MS) nham dua ra mot quy trinh phéan tich phu hop cho viéc gop phan
giam sat, danh gia mirc d6 nhiém PAH trong mot s6 loai thit va thuc pham ché bién sin
tir thit luu hanh trén thi truong nudce ta.

2. THUC NGHIEM
2.1. Thiét bi va dung cu

Thiét bi phan tich chinh 1 hé théng GC-MS/MS gdm may GC 7890A va khéi phd
MS7000B (ba tir cuc) cua Agilent. Cot sac ky DBSMS (30m x 0,25mm; 0,25 pm) duoc
str dung dé tach cac PAH. Ngoai ra, mot s6 thiét bi, dung cu thong thuong ctiia phong thi
nghiém gdm can phan tich, may ly tim, bo th6i kho bang N, may lic xoay, micropipet,
dung cu thuy tinh da dugc sir dung trong nghién ctru.

2.2. Hoa chit va chit chuin

Hon hop chat chuan gom 16 PAH trong cyclohexan cua hing Sigma Aldrich, c6
nong d6 cua ting PAH khoang 10 pg/mL di duoc st dung (bang 1). Cac dung mdi géom
acetonitril, n-hexan va cac mudi magnesi sulfat khan, natri clorid thuoc loai tinh khiét
phan tich cia Merck (Puc). Cac chat hap phu Primary secondary amin (PSA),
octadecylsilan (C18) dugc cung cap bai Aligent (M3).

2.3. P6i twong nghién ciru

Pé xay dyng va tham dinh phuong phap phéan tich cac PAH trong thit va san
phém thit, ching to61 tién hanh nghién ctru trén céc ddi tuong sau: thit lon tuoi, thit quay,
thit xi€n, va thit xong khoi luu hanh trén cac dia ban Ha Noi, Thai Binh.
3.KET QUA VA THAO LUAN
3.1.Khaio sat cac diéu kién toi wu dé phan tich cac PAH bang GC-MS/MS

Pé tim duogc diéu kién GC-MS/MS tdi uu cho viéc phan tich cac PAH trong cac
mau thue pham, ching t6i di khao sat tdi vu hoa cac diéu kién sic ky khi ciing nhu cac
diéu kién phan tich MS/MS cho timg PAH. Cac diéu kién phan tich duogc sir dung chinh
thirc dé phat hién cac PAH trong cic mau thuc pham cy thé nhu sau:
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% Picu kién sdc ky khi: Chuong trinh nhiét do: 70°C (gitr trong 1 phut), ting 10°C
/phut 1én 310°C (giit trong 5 phit). Tong thoi gian phan tich 1a 30 phat. Nhiét d6 budng
bom mau: 310°C. Ché d6 tiém mau khong chia dong, thoi gian khong chia dong: 1 phut.
Khi mang heli, tdc d6 dong 1,0 mL/phat. Nhiét d6 bo phan két ndi sic ky khi va khoi
pho: 310°C. Thé tich tiém mau 1 pL

% Piéu kién MS/MS: Ngudn ion hoa: EI 70 eV, nhiét d6 ngudn Ion: 250°C. Thoi
gian cit dung moi: 5 phat. Ché do phan tich da phan tmg (MRM) véi cac gia tri ion me,
ion con va nang lugng va cham duoc lya chon va t6i wu ddi voi tung PAH nhu trong
bang 1. M3i chat PAH duogc lya chon 2 ion con, mot ion con ¢ cuong do cao hon duoc
su dung dé dinh lugng, ion con lai dugc st dung dé khéng dinh.

Bang 1. Thoi gian leu va diéu kién MS/MS dé phan tich PAH

. Thoi lon lon con | Tvang lugng i ch
TT | HopchAtPAH | gianluu | me ban pha Ghi cha
(hat) | (miz) | (M2 (eVv)

1 | Naphthalen 7,2 128 15; ;g D;(I;}; Ll;(g:lg
2 | Acenaphthylen 10,9 154 122 ég B)I(I;}; lcgﬁﬁg
3 | Acenaphthen 11,3 152 igé ;g Dg; ldul?lrﬁg
4 | Flouren 12,5 166 122 ég B;;}; lcgﬁﬁg
5 | Phenanthren 14,8 178 gg ;g D)l(r;}é l(;gﬁg
6 | Anthracen 14,8 178 gg ;g D)I(I;}:: Eﬁﬁg
7 | Flouranthen 17,7 202 igg ;g D)l'(r;}é l(;ﬁﬁg
8 | Pyren 18,2 202 igg ;g D)I(I;}:: Eﬁﬁg
9 | Benzo(a)anthracen 21,2 228 ggg gg D;(IZ; gﬁﬁg
10 | Chrysen 21,2 228 3(2)2 gg D)l(r;}é l(gﬁﬁg
11 | Benzo(b)flouranthen 23,6 252 ;gg gg D;(r;}; lduiﬁﬁg
12 | Benzo(k)flouranthen 23,6 252 ggg 5(5) D)l'(r;}é l(gﬁﬁg
13 | Benzo(a)pyren 24,3 252 ;gg gg D)g}l I;ﬁﬂg
N a——
15 | Benzo(g,h,i)perylen 26,5 276 ggg 28 D;(r;}é Eﬁﬁg
16 r[])lbenz(a,h)anthrace 270 978 ;;g 28 D;(r;}; lduiﬁlllg
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Phenanthren

Acenaphthen
Anthracen

Fluoren
Benzo(a)anthracen

Fluoranthen
Dibenzo(ah)anthracen

Pyren

Acenaphthylen

———Naphthalen

Hinh 1. Scic ky do hon hop chudn 16 PAH tai nong dé 1000 ng/mL
3.2. Khao sit diéu kién chiét caic PAH tir miu thwe phim

Dé thu dugc quy trinh xtr 1y miu cho phép chiét duoc hét cac PAH tir miu thuc
pham, chiing t6i da duwa trén nguyén tic cua ki thuat QUEChERS [3] tién hanh khao sat
Ira chon dung méi chiét va cac diéu kién khac ctia qua trinh chiét: thé tich dung moi st

| ./B-enmlallpyren
4 Benzo(ghi|Perrylene

N

dung, loai chat hip phy.

Tir két qua t6i wu hoa thu duoc, ching toi lya chon quy trinh chiét cac PAH tir
thuc pham nhu sau: Mau duoc dong nhét va can khoang 5 g vao ong ly tim 50 mL,
thém khoang 5 mL nudc, 10 mL acetonitrile sau d6 dong nhat bang may dong nhat
trong 1 phat. Thém 4 g MgSO, va 1 g NaCl vao ong ly tdm va lac k§ trong 1 phut bang
may lac xody. Ly tdm véi tbc d6 6000 vong/phut trong 5 phat. Hat 6 mL dich 16p trén
vao ong ly tAm 15 mL c6 chira 0,9 g MgSOy; 0,3 g PSA; 0,3 g C18. Lac xoay 1 phut, ly
tam 6000 vong/phut trong 3 phut. Hat 4,0 ml dich sau ly tdm vao 6ng nghiém, c¢6 can
bang khi N,. Hoa cin bang 0,4 ml n-hexan, loc qua mang loc 0,45 um va tiém vao GC-
MS/MS.
3.3. Thim dinh quy trinh phén tich

Quy trinh phan tich cac PAH da dugc chung toi tham dinh vé tinh dic hiéu,
khoang tuyén tinh, d6 1ap lai, do thu hdi, gidi han dinh lugng va gidi han phét hién.

a. Tinh dac hiéu

Pé danh gia tinh dac hiéu, chung t6i da tién hanh phan tich céac mau thit tréng
(miu khong chtra cac PAH), mau thit tring thém chuan PAH va so sanh v6i dung dich
chudn cac PAH. Két qua thyc nghiém cho thdy, trén sic ky d6 ciia miu tring khong
xuét hién pic vao thoi diém twong Gmg véi pic cac PAH trén sic ky do dung dich chuan
PAH. Trén sic ky d6 méu tring thém chuan xuét hién pic ¢ cung thoi diém vdi pic cac
PAH trén sic ky d6 dung dich chuan, pic ndy dugc tach riéng khoi cac pic khac trong
nén mau. Nhu vay, quy trinh da xdy dung dam bao tinh ddc hiéu khi phan tich phat hién
cac PAH.

b. Khodng tuyén tinh

Khoang tuyén tinh da dugc dénh gia cho toan b 16 PAH nghién ciru phan tich.
Két qua thyc nghiém cho thiy hé sé xac dinh R? cua cac dudong hdi quy tuyén tinh cho
cac PAH déu > 0,99 cho thiy giita tin hiéu phan tich MS/MS va ndng d¢ timg PAH &
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cac khoang ndng d6 da khao sat déu c6 quan hé tuyén tinh chit ché va ¢ y nghia. Véi
dic diém cua phan tich phat hién PAH trong mau thuc pham 1a khong biét trude muc
nhiém PAH, va mirc nhidm PAH, néu ¢6, c6 thé dao dong trong khoang néng do rong,
khoang tuyén tinh rong ciia phuong phéap véi ca 16 PAH dugc phan tich dong thoi (déu
it nhit trong khoang tir 50 — 1000 ng/mL) 1a mét loi thé quan trong khi Gmg dung phan
tich PAH trén cac dbi twong miu thuc pham thuc té da dang trén thi truong.

c. Gidi hgn phat hi¢n (LOD) va gidi han dinh lwong (LOQ)

LOD va LOQ cua quy trinh khi phén tich cac PAH duoc xé4c dinh bang phuong
phap phan tich cac miu tring thém chuin cac PAH & cc ndng d6 thap dé thu dugc ty
s tin hiéu trén nhidu (S/N) twong tng 13 3 va 10. Cac két qua duoc trinh bay ¢ bang 2.

Bang 2. LOD va LOQ cua cac PAH trén nén mau thit

Chat phén LOD LOQ Ky A oo LOD LOQ
tich (Mokg) | (ugrkg) | CMAPMARGCR | (i) | (ugrko)

Naphthalen 1,0 3,0 Pyren 1,0 3,0
Benzo(a)anthracen va

Acenaphthylen 0,6 2,0 chrysen 0,6 2,0
Benzo(b)flouranthen

Acenaphthen 0,6 2,0 va 0,6 2,0
Benzo(k)flouranthen

Fluoren 1,0 3,0 Benzo(a)pyren 1,0 3,0

Phenanthren va Indeno(1,2,\3-

anthracen 1,0 3,0 c,(_j)pyren va 1,0 3,0
Dibenzo(a,h)anthracen

Fluoranthen 1,0 3,0 Benzo(g,h,i)perylen 1,0 3,0

Theo quy dinh chau Au [2], nong do cho phép ctia PAH trong cac san pham thit
1a: tong lugng PAH tong sb: 35 pg/kg; benzo(a)pyren: 5 pug/kg. Két qua thuc nghiém
cho thiy, LOQ ctia benzo(a)pyren 13 1 pg/kg, dap tmg yéu cau dinh luong tai nong do
t6i da 1a 5 pg/kg. Pdi v6i cac PAH khac, LOQ trén mau thay doi tir 2 dén 6 pg/kg, déu
thap hon so véi gia tri toi da cho phép 13 35 pg/kg, do d6 phuong phap co do nhay dap
g dé kiém soat ndng dd6 PAH theo quy dinh ctia chau Au.

d. Do lap lai, do dung

- Do lap lai cia quy trinh dugc danh gia qua phan tich doc lap 6 14n trén mau thuc
pham tring duoc thém chuin PAH & cic mirc ndng d6 20 pg/kg va 100 pg/kg (twong
g ndng d6 trong dich tiém sic ky 1a 100 ng/mL va 500 ng/mL). Két qua (bang 3) cho
thdy quy trinh d& x4y dung c6 do lap lai tot khi ung dung phan tich cac PAH (véi do
1éch chudn twong ddi (RSD%) sau 6 1an phan tich dao dong tir 2,7 - 14,0% & mic ndng
d6 20 pg/kg va tir 3,3 — 12,0% & mirc néng do 100 pg/kg). So sanh véi quy dinh vé hiéu
Iwc phuong phap cia EC, v6i mirc ham lugng d6i twong phan tich 100 pg/kg, gia tri CV
(%) yéu cau phai < 23% [1]. Nhu viy, quy trinh cho do lip lai phu hop khi phan tich
cac PAH.
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- D¢ ding cua quy trinh duoc danh gia thong qua do thu hdi (R%) cua luong
chuan cac PAH vao nén thyc phim khdng chira cac PAH. Vi ca 16 PAH, chat chudn
duoc thém vao & mic 20 pg/kg va 100 pg/kg. Ty 18 thu hdi & muc thém chuan 20 pg/kg
dao dong trong khoang tir 84,8 - 96,5 %, trong khi ty 1¢ thu hoi & mirc thém chuan 100
Mag/kg dao dong trong khoang tir 91,2 — 103,0 % (bang 3). Theo quy dinh cua EC, ty I¢
thu hdi & khoang nong d6 > 10 ug/kg phai dat tir 80 — 110 % [1]. Nhu vay, quy trinh
duoc thiét 1ap c6 do dung dat yéu cau.

Bang 3. B4 1ap lai va dg thu héi cia cac PAH trén nén mau thit

, Nong d6 20 pg/kg (n =6) | Nong dd 100 png/kg (n = 6)

Chat phan tich RSD(%) | R% trung binh F(iyso? R% trung binh
Naphthalen 6,4 92,6 12,0 102
Acenaphthylen 8,2 96,5 11,0 103
Acenaphthen 14,0 90,4 12,0 90,6
Fluoren 5,8 89,1 11,0 93,9
Phenanthren va 5.2 938 12.0 97.9
anthracen
Fluoranthen 3,6 91,3 12,0 98,5
Pyren 2,7 84,8 11,0 89,7
Benzo(a)anthracen va 47 92.8 12.0 95 4
chrysene
Benzo(b)flouranthen va
Benzo(k)flouranthen 50 89,0 7.3 930
Benzo(a)pyren 6,7 88,2 7,1 91,7
Indeno(1,2,3-c,d)pyren
va 4,3 85,6 33 96,3
Dibenzo(a,h)anthracen
Benzo(g,h,i)perylen 5,2 93,6 4,8 80,2

3.4. Ung dung phén tich cic PAH trong thwe pham

St dung phuong phap phan tich bang GC-MS/MS di thim dinh, nhom nghién
ctru da phan tich 16 PAH trong 6 mau thit twoi (3 mau thit bo, 3 mau thit lon) va 24 mau
thit da ché bién (g@)m 8 mau thit quay, 8 mau thit xién va 8 mau thit hun khoi) c4c mau
dang luu hanh trén dia ban Ha Noi va Thai Binh trong thang 7/2015, 8/2015. Bé danh
gia mirc d6 nhiém PAH trong thit va san pham thit, hai chi tiéu dugc danh gia 13 tong
PAH va benzo(a)pyren. Cac két qua phan tich duoc trinh bay & bang 4. Trén 6 mau
thit tuoi déu khong phat hién c6 PAH. Trong 24 miu san pham thit da ché bién, co toi
22 mau phét hién thiy c6 PAH, trong d6 ¢6 t6i 8 mau c6 tong lwong PAH vuot qua mic
gi¢i han cho phép, trong d6 dang chu y c6 t6i 6 mau la thit xién (75%) va 2 mau thit
quay (25%). V& chi tiéu benzo(a)pyren, chi c6 4 mau (déu 13 mau thit xién, 2 miu & Ha
Noi, 2 mau ¢ Thai Binh) phat hién thiy co benzo(a)pyren, nhung ham luong xac dinh
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duge déu dudi mirc cho phép cua EC (5 pg/kg), va 4 mau nay dong thoi ciing déu co

téng luong PAH vuot qua gidi han cho phép cua EC.

Bang 4. Két qud xdc dinh PAH trong thjt va san pham thit

A% R SR S 2 Benzo(a)pyr
TT Tén mau Dia diém lay mau Tong PAH (ng/k
’ i y g (ng/kg) en (ug/kg)

Gidi han toi da cho phép theo EC 35,0 5,0
1. Thit 1 (thit lon) Nguyén Huy Tu- - -
2. Thit 2 (thit lgn) Ha Noi - -
3. Thit 3 (thit bo) Cho Pong Xuyén- - -
4, Thit 4 (thit bo) Thai Binh - -
5. Thit 5 (thit bo) A Rie (TS NA - -
6. Thit 6 (thit bo) Siéu thi Big C - Ha Noi - -
7. Thit quay 1 2 A i NA: 165,0 -
8 Thit quay 2 Chg Co6 Nhue- Ha Noi 158.0 .
9. Thit quay 3 TS NA: 7,0 -
10. | Thitquay 4 Cho Buoi- Ha Noi 48 -
11. Thit quay 5 Chg Bong Xuyén — Thai 12,0 -
12. Thit quay 6 Binh 15,0 -
13. Thit quay 7 Cho Tiéu Hoang— Théi 6,8 -
14, Thit quay 8 Binh 7,3 -
15. Thit xién 1 A  nTAs 246,0 1,1
16. | Thitxion2 | Cho Tran Cung-Ha Noi 214.0 1.0
17. Thit xién 3 A ik T NTAS 84,0 -
18. | Thitxion4 | Cho CuGidy-HaNoi 80,0 i
19. Thit xién 5 A pras N 457,0 1,0
20. Thit xién 6 Cho Tién Hai- Thai Binh 421.0 11
21. Thit xién 7 A N - -
9. Thit xién 8 Cho An Pong — Thai Binh - -
” Thit x62ng o Chg C6 Nhue- Ha Noi 5.0 -
57 | Thit xc”)glg 0o Siéu thi Big C — Ha No6i 5.0 -
. Thit X6811g o Siéu thi Thai Binh 20 -

*Ghi cha: -: khéng phdt hién thay

Nhitng két qua phan tich trén mau thyuc té da cho thdy rd nguyén nhan gay phat
sinh PAH trong san pham thit 1 qué trinh ché bién str dung nguon nhiét truc tiép ¢ nhiét
d6 cao (quay, nudng, x6ng khoi), trong d6 viéc ché bién bing quay, nudng gay nhidm
PAH cao hon han so vé&i x6ng khéi trén nhitng mau dé phan tich (25% sé mau thit quay,
75% s6 mau thit xién nuéng c6 téng ham luong PAH vuot qua quy dinh, trong khi
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khéng c6 mau thit xdng khéi nao c6 tong ham lwong PAH vuot qua quy dinh), cho thay
anh huong tiéu cuc caa nhiét d6 cao trong quay, nudéng téi mic do an toan cua san
pham thit. Ngoai ra, nhdm san pham thit xién nudng ciing dang chi y & chd day la
nhém san pham duy nhit qua qua trinh phan tich da phat hién nhiém benzo(a)pyren,
chat doc hai dién hinh cua nhém PAH trén 50% s6 mau (4/8). Trong s6 24 mau ché
pham tir thit, 8 mau c6 tong luong PAH vuot qua mic quy dinh caa EC déu 1a mau lay
tai cac cho dan sinh & Ha Noi va Thai Binh, khé kiém soat duoc vé quy trinh ché bién,
bao quan.
4. KET LUAN

Mot phuong phdp nhay va chon loc sir dung ky thuat GC-MS/MS da dugc phéat
trién, tham dinh nham phan tich cac PAH trong thit va san pham thit. Cac két qua tham
dinh chang to sy phi hop, tin cay cta phuong phép trong viéc s dung dé xac dinh cac
PAH trong thit va san pham thit luu hanh trén thi truong. Phuong phap di dugc ung
dung phan tich trén 30 mau duoc iy ngau nhién trén 2 dia ban Ha Noi va Thai Binh.
Nhiing két qua phan tich cho thay thuc trang dang lo ngai khi 22/24 san pham thit ché
bién bi nhiém PAH, trong d6 8/24 san pham c6 tong lugng PAH vuot qua gidi han téi
da cho phép cua EC, va ca 8 mau déu lay tai cac cho dan sinh, khé kiém soat vé nguon
g6c nguyén liéu ciing nhu quy trinh ché bién. Bén canh d6, da phat hién duoc sy ¢6 mit
cua benzo(a)pyren, chat dién hinh c6 doc tinh cao can kiém soét riéng ré caa nhom
PAH, trong 4 san pham thit xién nudng. Nhitng két qua nay cho thay nguy co vé stc
khoe tir cac loai san pham thit ché bién sin bang cic phuong phép quay, xién nuéng,
vbn la cac hinh thic ché bién rat pho bién va duoc ua chudng vi huong vi hap dan
ngudi tiéu dung.
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