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Tom tit

Hydrocarbon thom da vong (polycyclic aromatic hydrocarbons, PAHs) 1a nhém chat
6 nhiém hiru co phd bién trong méi trudng va duoc quan tdm nghién ctiru do chung c6 doc
tinh cao, bao gdm ca kha ning giy ung thu va dot bién gen. Thuc phdm duge cho 1a ngudn
phoi nhiém PAHs quan trong & nguoi, vi vay phan tich PAHs trong thuc phém la mot nhiém
vu can thiét cia kiém nghiém an toan thyc pham. Bai bao tong quan nay tap hop thong tin
vé phuong phap phan tich PAHs da duoc ap dung trong cac nghién ctru trude day trén doi
tuong mau thyc phém va dd uéng 0 Viét Nam, bao g@)m cac budce tach chiét, 1am sach dich
chiét, phan tich dinh lugng trén hé thdng sic ky. Pay 1a bai bao tong quan dau tién vé phuong
phap phan tich PAHs trong thuc pham tai Viét Nam, néu 1én thyc trang vé nang lyc phan
tich nhom chat nay ciing nhu ban luan vé wu nhugc diém ciia cac phuong phap da dugc ap
dung. PAHs dugc chiét tir nén mau vao cac dung méi hiru co kém phan cuc véi cac ki thuat
chiét long-16ng, 1ong-ran, chiét siéu am, chiét 16ng ap suét cao. Cac chét can trg trong dich
chiét mau c6 thé duoc loai bé bang nhiéu ky thuat khac nhau: xir 1y véi acid, kiém, sic ky
tham thau gel, chiét pha ran, chiét phan tin pha rin. PAHs duoc tach va dinh lugng trén hé
thdng sic ky khi khéi phdé (GC-MS, GC-MS/MS, GCxGC-TOF/MS) va sic ky long véi
detector huynh quang (HPLC-FLD). Céac quy trinh phén tich déu duoc kiém soét chat luong
bang cac két qua véi mau tring, gidi han phat hién/dinh luong, chat chuan danh gia do thu
hoi, mau lap lai. Cac nghién ctru tong thé nham danh gia ham lugng PAHs trong nhiéu loai
mau thuc phém can tiép tuc duoc thue hién nham xay dyng ngudng tiéu thu an toan cho
nhom chét 6 nhiém nay & Viét Nam.
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Gidi thiéu mot s phudng phdp phdan tich hydrocarbon tham da vong...

1. PAT VAN PE

Hydrocarbon thom da vong (PAHs) 13 nhém cac chét 6 nhiém hitu co dién hinh va ton
tai phé bién trong céc thanh phén mdi truong nhu nude, dat, khong khi, tram tich va sinh vat
[1]. Bén canh mot lwong nho PAHs c¢6 lién quan dén nguén géc tu nhién va duoc san xuét
trong cong nghiép, trén 90% lugng PAHs trong mdi truong dugc sinh ra mot cach khong
chu dinh tir cac hoat dong thiéu dbt va sir dung san phdm dau mé ctia con ngudi [2]. Mot s6
PAHs c6 kha ning giy ung thu, gay dot bién gen va c6 anh huong dén hoat dong ctia cac hé
co quan trong co thé [3]. Trong méi truong, PAHs twong dbi tro vé mit hod hoc va ky nude
[4]. Tuy nhién trong co thé dong vat, cac PAHs c6 thé bi chuyén hoa thanh cic san phdm
diol epoxide c6 kha nang lién két vai cac dai phan tir sinh hoc (nhu acid deoxyribonucleic),
dan dén sai léch trong qua trinh phién ma, gy dot bién gen va hinh thanh té bao ung thu [5].
Con ngudi c6 thé bi phoi nhiém PAHs théng qua nhiéu con dudng khac nhau nhu hit tho
khong khi, su nubt phai bui va dat, hat thude 14 va dic biét 1a qua con dudng tiéu thy thuc
pham va d6 udng [6].

Su ¢ miat cia PAHs trong thic dn va d6 udng 1a két qua cia qua trinh tich liy cac
chat nay trong nguyén liéu thuc pham (do tiép nhan tir méi trudng 6 nhidm) va tir qua trinh
ché bién thuc pham (dic biét 1a ché bién ¢ nhiét d6 cao) [7]. Tiéu thu thuc pham Ia con
duong phoi nhiém chinh d6i véi PAHs & nguoi, ké ca ¢ nguoi khong hat thude [8]. Mot sb
nghién ctru dd chi ra mdi lién quan giita sy phoi nhiém PAHs tir thyc pham va viéc ting
nguy co mic ung thu phéi va da & ngudi [9, 10]. Cac PAHs thudng duge tim thay trong thyc
pham bao gdém: anthracen (Ant), benz[a]anthracen (BaA), benzo[b]fluoranthen (BbF),
benzo[j]fluoranthen (BjF), benzo[ k]fluoranthen (BkF), benzo[a]pyren (BaP), benzo[e]pyren
(BeP), benzo[ghi]perylen (BP), chrysen (Chr), dibenz[a, #]anthracen (DA), fluoranthen (Flt),
fluoren (Flu), indeno[1,2,3-cd]pyren (IP), naphthalen (Nap), phenanthren (Phe) va pyren
(Pyr) [11]. Trong khi cac nghién ctru vé PAHs trong méi truong thuong quan tdm dén 16
chat wu tién theo Cuc Bao vé Mbi trudng Hoa Ky (US EPA) thi cac nghién ctu vé PAHs
trong thyc pham chu yéu phan tich cidc nhom nhé hon nhu PAH2 (BaP, Chr), PAH4 (BaP,
Chr, BaA, BbF) hay PAHS (BaP, Chr, BaA, BbF, BkF, DA, IP, BP) [11]. Uy ban Chau Au
d3 ban hanh Quy dinh 835/2011 vé muc ham luong t6i da cuia BaP va PAH4 trong cac loai
thue pham [12]. Cac quy dinh vé mirc ham luong tdi da ctia PAHS trong thuc phim va nudc
udng duoc tom tit trong Bang 1.

Bing 1. Quy dinh ham heong t6i da ciia PAHs trong thue phdm va nudc uong trén thé giGi

Té chirc ban hanh Déi twgng Mirc ham lwong quy dinh
T6 chic Y té Thé gioi  Nudc ubng BaP: 0,7 pg/L trng véi rti ro ung thu ELCR =
(WHO) 10°°
Flt: 4 ug/L tmg v6i lugng hap thy hang ngay
chap nhan duoc (TDI)
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Té chirc ban hanh Déi twong Mirc ham lwong quy dinh
Cuc Bao vé Méi truong  Nudc udng BaP: 0,2 pg/L tmg voi mirc ham lugng chat 6
Hoa Ky (US EPA) nhiém ti da (MCL)
Uy ban chau Au (EC) Dau m& BaP: 2,0 pug/kg; PAH4: 10,0 pg/kg
Hat cacao BaP: 5,0 ng/kg; PAH4: 30,0 ng/kg
Dau dira BaP: 2,0 ng/kg; PAH4: 20,0 ng/kg

Thit hun khoi  BaP: 2,0 ng/kg; PAH4: 12,0 ug/kg
Cé hun khoi BaP: 2,0 pg/kg; PAH4: 12,0 ng/kg
Nhuyén thé BaP: 6,0 pg/kg; PAH4: 35,0 ng/kg
Ngii cbe BaP: 1,0 ng/kg; PAH4: 1,0 pg/kg
San pham sita  BaP: 1,0 pg/kg; PAH4: 1,0 ng/kg

Céc nghién ctru trudc day da chi ra sy 6 nhiém PAHs trong nhiéu ddi tuong moi truong
tai Viét Nam nhu khong khi, bui, dat, tram tich, nudc [13-16]. Tuy nhién, thong tin vé cac
chat 6 nhiém nay trong mau thuc phdm & nudc ta con kha han ché. Mot trong nhiing nguyén
nhan giy ra sy thiéu hyt thong tin nay 1a nang luc phan tich PAHs trong mau thyc pham tai
cac phong thi nghiém con chua duogc chi trong, trong khi cac phuong phép tiéu chuan vé
phan tich PAHs trong thuc phém con chua duoc ban hanh. Nhim tap hop co s¢ dir liéu hién
c¢6 vé phuong phap phan tich PAHs trong thue pham va d6 udng ¢ Viét Nam, chung toi da
tién hanh tra ctru trén cac hé théng dir li€u khoa hoc quéc té va trong nudc dé thuc hién bai
béo tong quan nay. Két qua tim kiém thong tin da lya chon dugc 04 bai bao khoa hoc cong
b trén céc tap chi qudc té va 04 bai bao trong nudc lién quan dén PAHs trong thuc pham,
dd ubng hoidc nguyén liéu thyc pham chwa qua ché bién.

Céc d6i twong mau phan tich dugc chia thanh cac nhom chinh nhu sau: tra [17-20], ca
phé [17, 21], rau [22], thuy hai san [23-24] va mot s loai thuc pham ché bién [17]. Néi dung
téng quan hudéng dén 03 khia canh chinh: (1) phuong phéap xtr Iy mau thyc pham cho phan
tich PAHs, (2) phuong phap phan tich dinh luong PAHs va (3) dam bao chat luong va kiém
soat chat lwong cua quy trinh phan tich PAHSs trong mau thyc pham.

2. KY THUAT XU LY MAU THUC PHAM VA PO UONG CHO PHAN TiCH PAHs

Quy trinh x&r Iy mau thuc pham cho phan tich PAHs thuong gdm 2 giai doan chinh:
(1) tach chiét PAHs tir nén mau vao dung méi phu hop va (2) loai bo cac chat can trd c6
trong dich chiét mau. Mot sb k¥ thuat xir Iy mau thyc pham trong quy trinh phan tich PAHs
dugc tom tit trong Bang 2, Hinh 1, Hinh 2 va Hinh 3.
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Bing 2. Ky thudt xir [y mau thiec pham va dé uéng cho phan tich PAHs

Ky thudt xir Iy mdu Nén mau Cich tién hanh Nguén
Chiét long - long Nudc tra vanude  Chiét 16ng - 16ng voi diclometan [20]
ca phé (DCM) va lam khan vdi Na;SO4 [21]
Chiét 16ng - ran Tra, ca phé, banh, Mau dugc dong nhat hoidc xur 1y [17]
mi an lién, cu qua voi HCl dam dac. PAHs duoc [18]
sdy, thit nuéng,  chiét tir miu vao dung méi hituco  [19]
vem xanh nhu acetonitril, DCM, chloroform. [20]
[24]
Chiét siéu am Ca nuoc ngot Poéng khé mau sau d6 chiét siéu [23]
am véi hon hop dung moi
DCM/hexan (1:1, v/v)
Chiét 1ong ap suat Rau mudng Chiét 1ong ap suét cao (PLE) voi [22]
cao hexan va hon hgp DCM/hexan
(1:4, v/v).
Chiét phan tan pha Tra, ca phé, banh, QuEChERS (véi hon hop chatlam  [17]
ran (QUEChERS) mi an lién, cti qua  sach MgSO4, PSA, C18, silica [18]
sdy, thit nudng gel).
Sac ky tham thau gel ~ Tra, bot ca phé Sac ky tham thau gel (Bio-Bead [19]
SX3) véi dung moi rura giai [20]
DCM/hexan (1:1, v/v) [21]
Chiét pha ran Nudc tra, nudc ca  Cot lam sach chira silica gel hodc [20]
phé, rau mudng, silica gel va alumina véi dung moi [21]
ca nudc ngot va hexan, hdn hgp DCM/hexan voi ti [22]
vem xanh 1€ DCM tur 10-50% hoac 25% [23]
DCM/pentan. [24]

2.1. K¥ thuat chiét PAHs trong miu thue pham va d6 udng

Dbi v6i cac mau long nhu nude tra va nudce ca phé, ki thuat chiét 1ong-l1ong duoc sir
dung phd bién [20, 21]. Mau nudc tra (2 g tra, 200 mL nudc s6i, 10 phat) duoc chiét 3 1an,
mdi 1an v6i 50 mL diclometan (DCM). Cac phan dich chiét hiru co duoc gop lai va co dic
dén 2 mL trudce khi 1am sach [20]. MAu nudc ca phé dugc chuan bi bang cach pha phin tir
20 g bot ca phé va 100 mL nudc soi, sau d6 10 mL nudc ca phé duoc chuyén vao phéu chiét.
Hon hop chit ddng hanh va 20 mL KOH 20% dugc thém vao phéu chiét va tién hanh lac
phéu trong 20 phat. Mau duoc chiét 2 lan, mdi lan véi 50 mL DCM. Phan dich chiét dugc
rira v6i 20 mL NaCl 5%, lam khan qua Na;SO4 va ¢d quay chan khong dén 2 mL [21].

Chiét 16ng - 10ng dung phéu chiét 13 k§ thuat chiét cb dién, don gian va hiéu qua danh
cho cac chét hitu co kém phan cuc (nhu PAHS) tir cic nén mau nude. Dung méi hiru co kém

phan cuc nhu DCM thuong dugce sir dung. Tuy nhién, k§ thuat nay c6 nhuge diém 1a st dung
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luong dung moi tuong ddi 16m, khoang 100 mL tré 1én. Su c6 mat cua cac chit kiém manh
nhu KOH hodc chét dién 1i manh nhu NaCl c6 tac dung loai bé mdt s6 thanh phﬁn tap chét
c6 trong nén mau théng qua phan tmg héa hoc hodc hd tro can bang phan bd. Luong vét
nudc cd mat trong dich chiét hitu co can duoc loai bo véi NaaSO4 khan trudce cac bude xt
1y dich chiét tiép theo.

(a) Mau tra (b) M3u ca phé

Chuan bi mau Chuan bi mau

Lay 10 mL + chat dong hanh

l 20 g ca phé, 100 mL
+20 mL KOH 20% lac 20 phat

l 2 g tra, 200 mL, 10 phut

Chiét mau Chiét mau

l 3 [3n x 50 mL DCM l 2 lan x 50 mL DCM, 20 phut

Thém 20 mL NaCl 5%

Cé dac Cé dac

l Loc qua Na,S0O,

l C6 quay chan khong C6 quay chan khéng

2 mL dich chiét 2 mL dich chiét

Hinh 1. Quy trinh chiét long - long cho PAHs trong: (a) muée tra [20] va (b) nude ca phé [21].

Péi voi cac nén mau ran, nhiéu ky thuat chiét khac nhau da duoc ap dung nhu chiét
long-ran [17-21, 24], chiét siéu 4m [23] va chiét 16ng ap suét cao [22]. Vi ban chat kém
phén cuc, cac dung moi hoac hé¢ dung méi duge dung dé chiét PAHs cling kém phan cuc
nhu: toluen, hexan, DCM, DCM/hexan (ti 1¢ DCM ttir 20-50%) va chloroform. Mot ) quy
trinh chiét dugc bd sung mudi nhu NaCl va MgSO4 dé hd trg chuyén PAHs tir nén mau ua
nude vao dung mdi hitu co [17-18]. Trong mdt sd trudng hop, mau duoe xir 1y véi HCI dam
dac hodc dung dich KOH dé loai bo cac tap chit nhu chét béo, protein [21, 24]. Sau khi xu
ly mau véi acid hodc kiém, dich chiét hitu co can dugc rira v6i nudce deion hodc dung dich
NaCl 5% dé loai bo lwong du acid, kiém [21, 24]. Dich chiét thudng duoc lam khan bing
Na2SO4 va ¢6 dac trudce khi lam sach.

Céc k¥ thuat chiét mau rdn nhin chung déu hudng dén viéc chuyén chét phan tich tir
nén mau sang mot hé dung méi phii hop. Tuy nhién can bang pha va sy hoa tan PAHs tir
mau ran s& phic tap hon nhidu so v6i nén mau 1ong, va sy hd tro qua trinh chiét bang cac
yéu t6 nhu nhiét do, ap sudt, song siéu 4m, rung lic co hoc 1a can thiét nhim dam bao hiéu
qua chiét va riit ngén thoi gian chiét. Chiét long - ran bang cach lic mau voi dung méi trong
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thoi gian dai (vai gio hodc 1au hon). Tuy k¥ thuat ndy don gian va co thé 4p dung tai nhiéu
phong thi nghiém nhung c6 han ché vé lvong dung méi chiét 16n, thoi gian chiét kéo dai va
hiéu qua chiét can duoc tham dinh véi mau chudn. Nang lugng tir song siéu am ciing duoc
str dung dé hd trg qua trinh chiét v6i hé thiét bi va quy trinh thao tac twong dbi don gian.
Chiét 16ng 4p suét cao hay chiét ting cudng dung moi két hop hai yéu t6 13 nhiét do va ap
suit dé dat duoc hiéu qua chiét twong duong vé6i ki thuat chiét cd dién nhu chiét Soxhlet.

(a) Chiét 1éng-rin (b) Chiét siéu am (c) Chiét Iéng ap sudtcao

Chuan bj mau Chuan bj mau Chuan bi mau

Podng nhat hodc xtr ly véi HCI Bong nhat mau Dong khé mau

dam dic DBongkho & -50°C, 48h Thém 250 L chit dong hanh
Thém 50 pL chat dong hanh

Chiét mau Chiét mau Chiét mau
L3c vdi dung méi hiru co: Chiét siéu am 30 phat Chiét PLE 1500 psi, 100 °C
DCM, acetonitril, clorofom 20 mL DCM/hexan (1:1, v/v) DCM/hexan (1:4, v/v) x 2
Co dac Co dac Co6 dac
Lam khan qua Na,SO, C6 quay chan khong e
C6 quay chan khéng Théi khi nito Thoi khi nito
1 mL dich chiét 1 mL dich chiét 2 mLdich chiét

Hinh 2. Quy trinh chiét mdu rdn cho phan tich PAHs véi cdc ky thudt: (a) chiét long -
ran [17-21, 24], (b) chiét siéu am [23] va (c) chiét long dp sudt cao [22].
2.2. K¥ thuat lam sach dich chiét miu

Céc k¥ thuat 1am sach khac nhau dugc ap dung v6i nén méu ran nhu: chiét phan tan
pha ran (hay con goi 1a phuong phap QUEChERS véi céc uru diém nhu nhanh, don gian, tiét
kiém, hiéu qua, on dinh, an toan) [17-18], sac ky tham thau gel [19-21] va chiét pha ran [20-24].
Dich chiét tir tra va ca phé (6 mL) dugc 1am sach bang ky thudt QuEChERS véi hdn hop 0,9
g MgS04, 0,3 g PSA, 0,3 g C18 va 0,5 g silica gel [17-18]. Ngoai ra, dich chiét PAHs con
duogc 1am sach qua cac budc sac ky tham thau gel (véi pha tinh Bio-Bead SX3 va dung moi
rira giai DCM/hexan, 1:1, v/v) va chiét pha ran (v6i cot silica gel 1 g va dung moi rira giai
DCM/hexan (1:9, v/v) hodc hexan) [19-21]. Dich chiét PAHs tir cac mau ca nudc ngot duoc
lam sach bang silica gel vi hdn hop dung méi rira giai DCM/hexan (1:1, v/v) [23]. Bén canh
6, dich chiét mau vem xanh dugc 1am sach bang cot chiét pha rin chira 4 g silica gel va 4
g alumina. Cot dugc rira voi pentane trude khi nap mau va cac PAHs dugc rira giai bang hon
hop DCM/pentan (1:4, v/v) [24]. Quy trinh phan tich PAHs trong mau rau mudng di két hop
budc lam sach miu cing v6i budce chiét mau khi bd sung silica gel vao cot chiét [22].

Lam sach dich chiét miu 1a buéc quan trong trong quy trinh phan tich PAHs nham loai
b6 céc tap cht co thé gdy anh hudng dén tin hiéu va két qua dinh luong cua PAHs, dic biét
trong cc nén mau sinh hoc phirc tap nhu thyc pham. Séc ky tham thau gel (GPC) dugc sir
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dung dé loai bo hiéu qua cac dai phén tr sinh hoc (nhu protein hay lipit) dua trén nguyén tic
loai trir theo kich ¢& phén tir. Chiét pha ran véi cac chat hap phu nhu silica gel va alumina
duoc su dung phé bién dé loai trix cac tap chét theo co ché hép phu chon loc. Trén cdt silica
gel, PAHs s€ duoc tach khoi cac tap chat mach hé va cac chat phan cuc hon vo1 h¢ dung moi
c6 d6 phan cuc phu hop, thuodng 13 hdn hop ciia DCM trong hexan hodc pentan véi ti 1¢
DCM dao dong tir 10 dén 50%. Riéng dbi véi nén mau thuc pham, k¥ thudt QUEChERS
duoc ap dung v6i nhiéu vu diém di néu & trén. Trong do cac tap chat bi hap phu boi hoa
chét va tach ra khoi dich chiét mau boi lyc li tam.

(a) QUEChERS (b) GPC + SPE (c) SPE
Dich chiét Dich chiét Dich chiét
Sac ki tham thau gel
0,08 MgSO4 +0,3gPSA+0,3 g 120 mL DCM:hexan (1:1, v/v) Silica gel hodc alumina )
it 10-50% DCM/hexan hodc
C18 + 0,5 g silica gel L3 h bing GPC 25% DCM
Lic xody, ly tam am sach bang 5% DCM/pentan
Co6 quay chan khong . s o
. 5 Cét silicagel Lam sach bang chat hap phu
Lam sgch bing QUECHERS DCM:hexan (10-50% DCM)
l Lam sach bang silica gel
Co dac
Co dac
Co dac C6 quay chan khong
Thai khi nito Thém chat ndi chus Thém chat ndi chuan
I Chis N critidn Théi khi nito
Thai khi nito

Phan tich dinh lvgng Phan tich dinh lvgng

Phan tich dinh lugng

Hinh 3. Quy trinh lam sach dich chiét mau cho phdn tich PAHs véi cdc ky thudt: (a)
chiét phén tan pha ran [17-18], (b) sdc ky tham thau gel két hop chiét pha rdn [19-21] va
(c) chiét pha rdn [22-24].

3.PHUONG PHAP PHAN TiCH PINH LUQNG PAHs TRONG MAU THU'C PHAM
VA PO UONG

Dé phan tich hdn hop PAHs & mirc ham luong vét trong nén mau thyc pham, cac
phuong phap sic ky ghép nbi detector khac nhau da dugc ap dung. Mot sé phuong phép tach
va dinh luong PAHs di dugc st dung trong cac nghién ctru trude ddy bao gdm: sic ky khi
khéi phd (GC-MS) [19-22], sdc ky khi khdi phd 2 1an (GC-MS/MS) [17-18], sic ky khi hai
chidu két ndi khdi phé thoi gian bay (GCxGC-TOF/MS) [23] va séic ky long hiéu ning cao
v6i detector huynh quanh (HPLC-FLD) [24]. Cac hé thdng thiét bj va diéu kién phan tich
PAHs str dung trong cac nghién cuu trude day dugc trinh bay trong Bang 3.
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Bing 3. Phwong phdp phan tich dinh lwong PAHs trong mdu thwe pham va do uong

Loai méu Phuwong phdp phén tich dinh luong Nguén
Tra,ca  Héthong: GC-MS/MS (Thermo Fisher Scientific, USA) [17]
phé, banh, Cot tach DB-5MS (30 m x 0,25 mm x 0,25 um; Agilent Technologies) [18]

mi an Khi mang: helium (1 mL/phut)
lién, ci  Chuong trinh nhiét d9: 70 °C (1 phut), dén 270 °C (10 °C/phiit), dén 280 °C (2
qua sdy,  °C/phut, giit 3 phiit), dén 310 °C (2 °C/phut, giit 1 phut)
thit nuéng  Nhiét do b phan két nbi: 310 °C

Detector: ion hoa va dép electron (70 eV)
Khi va cham: nitrogen (1 mL/phut)
Chét phan tich: Nap, 1-Me-Nap, 2-Me-Nap, Acy, Ace, Flu, Flt, Pyr, BaA, Chr,
BbF, BKF, BaP, IP, DA, BP.

Travaca Heéthong: GC/MS QP2010 (Shimadzu, Nhat Ban) [19]
phé Cot tach: BPXS (60 m x 0,25 mm X 0,25 pm; Trajan Scientific) [20]
Khi mang: helium (1-1,5 mL/phtt) [21]

Chuong trinh nhiét do: 60 °C (2 phut), &én 210 °C (30 °C/phut), dén 310 °C (5
°C/phut, gitr 15 phut)

Nhiét do céng bom mau, interface va ngu@)n ion: 260, 300 va 230 °C

Detector: ion hda va dép electron (EI) va quan sat chon loc ion (SIM)

Chét phan tich: Acy, Ace, Flu, Phe, Ant, Flt, Pyr, BaA, Chr, BbF, BKF, BaP,
1P, DA, BP.

Rau Hé thong: GC 6890N, MS 5975B (Agilent Technologies, USA) [22]
muéng Cot tach: ZB-5 (20 m x 0,18 mm x 0,18 um; Phenomenex)
Khi mang: helium (0,8 mL/phut)
Chuong trinh nhiét do: 35 °C (2 phut), dén 100 °C (40 °C/phit), &én 315 °C (6
°C/phnt, giit 10,54 phut)
Nhiét d6 bd phan két nbi (interface) va ngudn ion: 300 va 230 °C
Detector: ché d6 quan sat chon loc ion (SIM)
Chét phan tich: Nap, Acy, Ace, Flu, Phe, Ant, FIt, Pyr, BaA, Chr, BbF, BKF,
BaP, IP, DA, BP.

Ca Hé thong: GC 7890A (Agilent Technologies, USA), ToFMS (Pegasus 4D, [23]
LECO, USA)
Cot tach: DBXS (60 m x 0,25 mm X 0,25 um; SGE, Anh)
Khi mang: helium (1,5 mL/phut)
Chuong trinh nhiét do: 60 °C (1 phut), dén 200 °C (15 phut), dén 220 °C (3
phut, giir 15 phit), &n 260 °C (10 phut, giit 5 phut), dén 290 °C (10 phut, giit
3 phut), dén 320 °C (3 pht, gii 15 phut)
Nhiét d6 bd phan két ndi (interface) va ngudn ion: 310 va 230 °C
Chét phan tich: Nap, Acy, Ace, Flu, Phe, Ant, Flt, Pyr, BcP, CPP, BaA, Chr,
BbF, BKF, BjF, DMBA, BaP, BeP, MCA, IP, DA, BP, DBP, DaiP, DalP.

Vem xanh  Hé thong: HPLC Dionex UltiMate 3000 (Thermo Scientific, USA) [24]
Cot tach: PAH Eclipse, C8, 250 mm x 3 mm % 5 um (Agilent Technologies)
Tién cot: Acclaim™ 120, C18, 150 mm x 4,6 mm x 5 pm (Thermo Fisher
Scientific)
Chét phan tich: Nap, Ace, Flu, Phe, Ant, Flt, Pyr, BaA, Chr, BbF, BkF, BaP,
dBA, BP, IP
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3.1. Sic ky khi khéi phé (GC-MS)

Séc ky khi ghép ndi khdi phd dang tir cuc 14 phwong phap duoc st dung rong rai dé
phéan tich PAHs. Cot tich mao quén silica véi pha tinh twong duong 5% phenyl 95% methyl
polysiloxane nhu ¢gt BPXS5 (60 m x 0,25 mm x 0,25 um; Trajan Scientific) va cot ZB-5 (20
m x 0,18 mm x 0,18 pm; Phenomenex) di dugc ding dé tich PAHs [19-22]. Khi st dung
cOt tach 20 m ZB-5, mot s6 nhom chat khong duoc phén tich hoan toan nhu chrysene/triphenylene,
benzo[b/k/j|fluoranthenes va dibenz[a,/]anthracene/dibenz|[a,clanthracene [22]. Trong cac
tredng hop nay, tin hiéu do s& dugc dung dé tinh tong ham lwong cho cac chit dong rira giai.
Khi mang helium c6 tbe do dong 0,8 dén 1,5 mL/phut. Chuong trinh nhiét d¢ duogc ap dung
dé dat duoc hiéu qua tach va thoi gian luu pht hop. Nhiét dd cao nhét ciia chuong trinh nam
trong khoang 310 dén 315 °C. Nhiét do ctia bo phan ghép néi GC-MS (interface) thuong
duogc dat ¢ 300 °C, cao hon so véi cong bom mau (260 °C) va ngudn ion (230 °C). Detector
MS duoc van hanh & ché do ion hoa dwong va dap electron (EI) dé hinh thanh cac manh ion
dinh luong chinh 13 ion phan tr cia PAHs. Cac manh ion dinh luong ctia mot s6 PAHs cu
thé nhu sau: Nap (128), Acy (152), Ace (154), Flu (166), Phe/Ant (178), Flt/Pyr (202),
BaA/Chr (228), BbF/BkF/BaP (252), IP/BP (276) va DA (278) [22]. Cac manh ion dinh
luong ndy dugc thu nhan va xt Iy & ché d6 quan sat chon loc ion (SIM) [19-22].

Séc ky khi khdi pho 13 mot trong nhirg phwong phép phd bién nhat dugc sir dung dé
phan tich dinh luong PAHSs néi riéng va cac chit 6 nhiém hitu co c¢6 kha ning bay hoi noi
chung. O khia canh tach chat, sic ky khi v&i cot mao quan c6 d6 dai tir 30 dén 60 m va pha
tinh phu hop c6 thé dat dugc hiéu qua tach tot cho hau hét cac cip chét trong hdn hop PAHs.
Sau khi tach séic ky, cac PAHs duoc dan vao bo phan detector MS va trdi qua cac qud trinh
ion hoa, tach khdi va ghi nhan tin hiéu. Hau hét cac nghién ciru da thyc hién déu sir dung
ché do ion hoa va dap electron dé quan sat ion duwong (EI+), tich khéi bang tir cuc
(quadrupole mass analyzer) va ghi nhan tin hiéu & ché d6 quan sat chon loc ion. So véi
phuong phap khac nhu sic ky khi v6i detector ion hoa ngon lra (GC-FID), GC-MS cho két
qua phan tich PAHs chinh x4c v&1 d chon loc cao va gidi han phat hién thép hon r6 rét.
3.2. Sic ky khi khéi pho hai lin (GC-MS/MS)

Céc diéu kién GC cho phan tich PAHs trén hé thng GC-MS/MS nhin chung khong
¢6 khac biét nhiéu so voi hé théng GC-MS. Cot tach DB-5MS (30 m x 0,25 mm x 0,25 pm;
Agilent Technologies) dugc sir dung dé tach cac PAHs [17-18]. Trong 2 nghién ciru nay,
chuong trinh nhiét do cua 16 ¢t dugc cai dat nhu sau: gitt & 70 °C trong 1 phut, tang dén
270 °C (10 °C/phut), ting dén 280 °C (2 °C/phit, gitr 3 phut) va cudi ciing ting dén 310 °C
(2 °C/phut, giit 1 phat). Khi mang helium va khi va cham nitrogen cung c6 téc do dong 1
mL/phut. Nhi¢t d§ ctia b phan interface 1a 310 °C. So vdi phuong phap GC-MS, phuong
phap GC-MS/MS str dung bo 3 tir cuc ¢6 dd chon loc cao hon. Sau khi ion héa cac PAHs &
ttr cuc tha nhit, cac ion me s& duoc dan qua tu cuc thur hai (c6 vai tro la buéng va cham) va
tiép tuc hinh thanh cadc manh ion con, dugc tach va ghi nhan ¢ tr cyc thir 3. Nang lugng va
cham va manh ion quan sat (dinh luong, dinh tinh) cia moi chét s& duoc tdi vu trén hé théng
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GC-MS/MS. M6t vi du vé do chon loc cao hon cia GC-MS/MS so v6i GC-MS duge dua ra
v6i Nap nhu sau: & MS don tor cuc, nang lugng 70 eV thi m/z dinh lugng ctia Nap 1a 128;
trong khi d6, & MS/MS ba tir cuc, nang lugng ion héa thir nhét 70 eV hinh thanh m/z 128,2,
nang luong ion hoa thir hai 15 eV va 20 eV hinh thanh m/z 127,2 (dinh lugng) va 102,1 (dinh
tinh) [17, 22]. So vo1 phuong phap GC-MS, phuong phap GC-MS/MS c6 d6 chon loc cao
hon do diéu kién dé nhan dién mot chat khat khe hon ciing nhu kha ning loai bo cac tin hiéu
nhiu ctia chit anh hudng tot hon. Tuy nhién, hé théng GC-MS/MS céch thirc van hanh phirc
tap hon va chi phi phan tich cao, nén van chua duoc ap dung rong rdi ¢ nhiéu phong thi
nghiém ¢ nudc ta.

4. THAM PINH PHUONG PHAP

4.1. Miu tring

Cac mau trang dugc phén tich déng thoi v6i cac mau thuc dé kiém soat sy nhiém ban
chat phan tich tir cic nguon khac nhau nhu dung cy, héa chat, moi trudng phong thi nghiém.
Dbi v6i cac mau c6 ham lugng PAHs thip, viéc phan tich mau trang va hiéu chinh két qua
phan tich mau thyc véi mau tring 13 rat quan trong. Mau tring dugc dé cap dén trong hau
hét cac nghién ctru v6i nhitng muc dich khac nhau nhu kiém soét sy nhim ban [20-23] hoic
lam nén miu thém chuan xac dinh gidi han phat hién [17-18]. M6t s6 nghién ciru sir dung
nude dé lam mau tring [17-18, 20], trong khi cac nghién ctru con lai khong cung cap thong
tin day du vé loai mau ndy. Yéu cau mau tring c6 thanh phan twong tu voi mau thuc nhin
chung chua duoc thyc hién va mic ham luong cy thé ctia PAHs trong mau trang chua duoc
béo céo trong cac nghién ciru trude ddy trén mau thuc pham tai Viét Nam. Mot sé nghién
ctru d4 cho thiy mirc ham lugng nén ciia PAHs khong cao va khong can phai hiéu chinh ham
luong trong mau thuc v6i mau trang [20, 22].

4.2. Gi¢i han phat hién va giéi han dinh lugng

Gi6i han phat hién (LOD) va giéi han dinh lugng (LOQ) 1a nhitng thong sb quan trong,
dac biét khi bao cdo két qua clia cac miu c6 ham lugng PAHs thap. LOD va LOQ c6 thé
duoc tinh theo cac cach khac nhau: (1) 3 1an hodc 10 1an d6 1éch chuén cia cidc mau tréng
thém chuén & mirc ndng d6 thip [18]; (2) mirc ndng d6 Gmg véi ti 18 tin hiéu/nhidu bang 3
hodc 10 [20]; (3) tinh toan dya trén phuong trinh dwdng chuin va mirc ham lugng trong mau
tréng [22]; (4) dya vao gidi han phat hién cia thiét bi va tién hanh thém chuén vao nén mau
[23]. Khodang gia tri LOD va/hodc LOQ ctia PAHs trong mau thyc phiam duoc so sanh trong
Béng 4.

Gia tri LOD va LOQ khong c6 sy khac biét dang ké giita cac nghién ctru sir dung
phuong phap sic ky khi, véi LOD ciia PAHs dao dong tir 0,01 dén 0,16 ng/g va LOQ dao
dong tur 0,03 dén 0,53 ng/g [17, 19, 21, 23]. Gié tri LOD cta phuong phap HPLC-FLD nhin
chung cao hon so v6i cac phuong phap GC-MS, dao dong tir 0,09 dén 3,6 ng/g [24]. LOD
va LOQ dat duoc bang phuong phap GC-MS déu dap timg dugc gia tri yéu ciu caa Uy ban Chéu
Au cho gidi han phat hién, dinh lugng cia PAHs (LOD < 0,3 ng/g; LOQ < 0,9 ng/g) [26].
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Bing4 . Cdc yéu t6 danh gic phwong phdp ciia quy trinh phan tich PAHs trong mau thiec pham

Loai méu LOD LOQ  Pjthuhéi D chum Nguén
(phwong phdp phén tich)  (ng/g) (ng/g) (%) (RSD%)
Thyc pham (GC-MS/MS)  0,01-0,1  0,03-0,30  70-101 5-20 [17]
Tra (GC-MS) 0,06-0,16  0,21-0,53  53-132 - [19]
Ca phé (GC-MS) 0,03-0,06 - 52-98 - [21]
C4 (GCxGC-ToFMS) 0,03 0,1 67-126 - [23]
Vem (HPLC-FLD) 0,09-3,6 - 72-112 <15% [24]

4.3. Do thu hoi

Do thu hoi 1a mot yéu t6 can thiét trong hod so tham dinh gia tri sir dung ctia phuong
phap, phan anh d6 diing ctia phuong phép va kiém soat sy mat mat chat phan tich trong toan
bd quy trinh. P thu hoi c6 thé duoc danh gid qua mau thém chuan hdn hop chat chuin
PAHs (c6 thé 12 nén mau trang hodc nén mau thyc) hodc thong qua chit chuan dong hanh
(thudng 13 chét chuan danh ddu dong vi bén deuterium hodc *C duge thém vao mau thuc).
Do thu hoi cua PAHs duoc béo cdo nhin chung tuong ddi tot véi cac khoang gia tri 70%-
101% [17-18], 53%-132% [19, 20], 67%-126% [23] va 72%-112% [24]. Mot s6 PAHSs phan
tir khéi thap nhu Nap, dan xuat methyl cia Nap (1-Me-Nap va 2-Me-Nap), Ace, Acy c6 do
thu hoi thap do c6 kha ning dé bay hoi trong qua trinh phan tich [17-19]. Bén canh d¢, cac
PAHs c6 phan tir khéi tir cao (IP, DA, BP) ciing ¢ thé bi mat mat do giit lai ¢ budc lam
sach mu str dung chat hip phu C18 dé loai bo cac chat béo [17-18]. Do thu hoi cua céc chat
chuan danh ddu dong vi deuterium dugc thém vao trude hodc trong qua trinh xir Iy mau dao
dong tir 52%-98% [21] hodc co gia tri trung binh 81% [22], d4p tmg duoc yéu cau vé do thu
hdi 50%—120% cta Uy ban Chau Au [26].

4.4. D6 chum

D0 chinh x4c cia phuong phap phan tich, ngoai do ding (danh gia thong qua dd thu
héi) con bao gém do chum hoac do 1ap lai dugc danh gia thong qua do Iéch chuan tuong dbi
(RSD) khi phan tich cic mau ldp. Quy dinh vé do lip lai theo Uy ban Chau Au 1a RSD <
23% [26] duoc sir dung 1am mébc tham chiéu cho cac nghién ctru vé PAHs trong thuc pham
tai Viét Nam. Do 1ip lai cia PAHs trong cac mau tra thém chuin & mirc ham luong 1, 5 va
10 ng/g dao dong tir 5% dén 20% [17]. P lip lai cuia mau lip (miu thuc, n = 2) trong mdi
dot mau thyc té (n = 10) nhé hon 15% [24]. Tuy nhién, d6 lip lai cia phuong phéap phén tich
con chua duge béo cao day du bai cac nghién ciru con lai [18-23].

5. KET LUAN

Phuong phéap phan tich PAHs trong mau thuc phim (d4 qua ché bién hodc chua qua
ché bién) va dd udng (tra, ca phé) tai Viét Nam di duogc tong quan trong bai bdo nay, nhim
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dua ra nhitng thong tin cu thé vé ky thuat tach chiét, 1am sach dich chiét, phan tich dinh
lwong va kiém soét chit lwong. Nhin chung, cac nghién ctru di duogc thuc hién déu dap tng
dugc mot sb yéu cau co ban cua phan tich luong vét PAHSs trong nén miu thyc phiam phirc
tap: (1) sit dung phuwong phap do c6 do chon loc cao, gidi han phat hién thap nhu GC-MS,
GC-MS/MS, GCxGC-ToFMS hay HPLC-FLD; (2) st dung hodc phat trién cac quy trinh xir
1y mau c6 kiém soat chét lugng véi cac thong s6 nhu d6 thu hoi, do 1ap lai, gidi han phat
hién, mirc ham luong trong mau tring; (3) dap tng duoc cac yéu cau cua qudc té vé dam
béo chit lvgng. Cac nghién ciru da cong bd kha ning phat hién PAHs ¢ mirc ham lugng tir
0,01 dén 0,16 ng/g cho phuong phap GC va tir 0,09 dén 3,6 ng/g cho phuwong phap HPLC.
Tuy nhién, s6 luong cac nghién ctru vé PAHs trong miu thuc phim & nudc ta con rat it, ¢6
thé xuat phat tir mot s6 nguyén nhan nhu su thiéu hut vé kinh phi nghién ctru va nang luc
phan tich han ché. Cac nghién ctru thim dinh, phét trién phuong phap ciing chua duoc thyuc
hién mot cach hoan chinh, vi du nhu con thiéu két qua phan tich cac mau chuin duoc chung
nhan (SRM, CRM) hoic két qua phén tich lién phong thi nghiém. Thém vao d6, khao sat vé
cac dan xuét cua PAHs (v61 ddc tinh twong duong hoac tham chi cao hon PAHs) trong thuc
phém con chua duge thue hién. Nhim nang cao nang luc phan tich, nang luc cong bd quéc
té, hoan thién co s& dit liéu vé murc d6 6 nhiém va céc bién phap dam bao an toan thuc phém
lién quan dén PAHs va dan xuét ctia chung, cac nghién ctru tong thé va chuyén sau tiép theo
vé nhom chét 6 nhidm nay & Viét Nam 1a rat can thiét. Cac hudng nghién ctru cu thé can tiép
tuc duoc thuc hién bao gém: (1) mo rong cac dbi tuong mau thuc phérn va do uéng, (2) phat
trién danh sach cac chat phan tich bao gdm PAHs va din xuét cia PAHs, (3) ting cudng cac
yéu t6 thim dinh phuong phap véi miu chuan hodc cic mau lién phong thi nghiém.
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Abstract

Polycyclic aromatic hydrocarbons (PAHs) are a common class of organic pollutants
in the environment and are of great research interest because of their high toxicity, including
carcinogenicity and mutagenicity. Food is an important source of PAHs exposure in humans,
so analysis of PAHs in food is an essential task of food safety testing. This review article
gathers information about the analysis methods of PAHs that has been applied in previous
studies on food and beverage samples in Vietnam, including steps of extraction, purification
of extracts, and quantitative analysis on a chromatographic system. PAHs are extracted from
the sample matrix into less polar organic solvents with different techniques such as liquid-
liquid, liquid-solid, ultrasonic extraction, and pressurized liquid extraction. Interferences in
sample extracts can be removed by various techniques: acid and alkali treatment, gel
permeation chromatography, solid phase extraction, and dispersive solid phase extraction.
PAHs are separated and quantified on gas chromatography-mass spectrometry systems (GC-
MS, GC-MS/MS, GCxGC-ToFMS) or liquid chromatograph with fluorescence detector
(HPLC-FLD). Analytical procedures are all quality controlled by results with blank samples,
limits of detection/quantification, recovery standards, and replicate samples. Overall studies
to evaluate the content of PAHs in a variety of food samples need to continue to be performed
to establish safe consumption thresholds for this group of pollutants in Vietnam.
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