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Tom tit

Cic san pham thuc phdm c6 chira ddng thoi mudi benzoat va acid ascorbic ¢6 nguy co
hinh thanh benzen. Nghién ctru nay da phét trién phuong phdp sic ky khi khéi phé GC-MS
dé xdc dinh ham lugng benzen trong thuc phdm chira ddng thoi mudi benzoat va acid
ascorbic. Mau phan tich dugce chung cit thu hoi benzen va phén tich trén GC-MS sir dung
bd tiém mau purge and trap, qua trinh phan tich dugc kiém sodt boi ndi chudn benzen-d6.
Phuong phdp da dugc tham dinh cdc thong sé theo quy dinh ctia AOAC. Gidi han phét hién
cua phuong phdp 1a 0,05ug/kg, gidi han dinh lugng cua phuong phap 1a 0,15ug/kg, do thu
hdi ciia phuong phdp trong khoang 86,6 - 110,9 %, d6 léch chuan tuong dbi lip lai RSD;
trong khoang 4,0 - 7,2 %. Phuong phép di duoc dp dung dé phan tich ham luong benzen
trong 120 méu thyc pham bao gdm: nudc giai khét, nectar qua, twong 6t va mat. Két qua
phdt hién benzen trong 33 mAiu trén tong sé 120 mau khao sat, ham lugng benzen trong
khoang tir 0 - 109,7 pg/kg.

Tir khoa: Benzene, purge and trap, GC-MS.

1. PAT VAN DE

Benzen 1a chit 16ng d& bay hoi, it hoa tan trong nudc, rit dé hoa tan trong cic dung
mdi hitu co, dau khodng va dau dong vat, thyuc vat. Benzen 14 héa chit ¢6 ¥ nghia quan trong
trong cudc séng, gitp diéu ché cdc din xudt co ban monomer trong san xuit polymer 1am
chit déo, cao su, to soi, la hda chét trung gian dé diéu ché ra cdc héa chat khic nhu:
nitrobenzen, anilin, phenol, styren, cumen, xyclohexan...dung dé téng hop thudc nhudm,
duoc phém, thudc trix sau, dung trong son, myc in, chit két dinh, trong cac chét téy rua cong
nghiép, xing dau, ... [1] Tuy nhién viéc st dung benzen trong cong nghiép da bi cam tir
nhitng nam 1970. T6 chirc nghién ctru ung thu qudc té (IARC) di phén loai benzen vio
nhém 1, nhém chét gdy ung thu trén ngudi. Benzen anh huong dén hé théng tao méu bao
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gém lam giam bach cu, mét bach ciu hat, thiéu mdu, din dén cdc bénh bach cu va céc
bénh ung thu mau [2-4].

Mudi benzoat va acid ascorbic duogc sir dung rong rai 1am chat bao quan va chat chéng
oxy héa trong thuc pham. Cdc mudi benzoat di duoc FDA cong nhén 12 an toan va cho phép
bd sung vao thyc phim voi mic ndng do 1én dén 0,1%, acid ascorbic ciing duoc cong nhan
13 an toan va duoc cho phép thém vao thuc pham véi mic tdi da 0,2% [5]. Ngoai ra, ban
than mot s6 thuc pham ciing c¢6 sin thanh phan acid ascorbic hay acid benzoic nhu qua nam
viét quit c6 ham luong acid benzoic 4,1- 478,4 mg/kg, ham lugng acid ascorbic trong 6i c6
thé 1én t6i 2.160 mg/kg.

Nam 1993, Gardner va Lawrence tim théy benzen dugc hinh thanh tir benzoat va acid
ascorbic, benzoat bi khir nhém carboxyl béi cic gdc hydroxyl tu do s& hinh thanh benzen
[6]. Do d6, c6 nguy co xuit hién benzen trong mot sd thuc phdm c6 dong thdi benzoat va
acid ascorbic. Viéc hinh thanh benzen tir mudi benzoat va acid ascorbic chiu sy anh huong
ctia rat nhiéu yéu tb. Diéu kién thuan loi cho phan tmg 1 trong méi truong pH thap, nhiét
d6 cao, dudi xuc tac cua mot sb ion kim loai chuyén tiép [1, 6, 7]. Nudc giai khat, twong ot
hay mét qua 13 nhirng san pham thuong dugc bd sung mudi benzoat, acid ascorbic, dong
thoi cdc san pham nay thudong duoc diéu chinh dén pH acid nham muc dich bao quan, do
vy ¢6 nguy co hinh thanh benzen trong qud trinh san xut ciing nhu bao quan céc san pham
nay.

Benzen dugc quy dinh khéc nhau tai cdc qudc gia, Uy ban Chau Au quy dinh giéi han
benzen trong nudc giai khat 12 1 pg/L, trong khi d6 v6i Canada, Han Quéc 1a 5 pg/L va
WHO quy dinh gi6i han ham lwong benzen 13 10 pg/L. Viét Nam c6 quy dinh vé gidi han
ham luong benzen trong nudc cip sinh hoat 14 10 pg/L theo TCVN 5502:2003.

Hién nay, phuong phdp sic ky khi thuong duogc sir dung trong dinh lugng benzen ciing
cac hop chét hitu co d& bay hoi khdc. Mau thuc pham c6 thé phén tich truc tiép trén thiét b
thong qua ché d6 tiéu mau headspace [8] hodc dugc 1am sach bing céc ki thuat khdc nhau
nhu chiét l6ng - 16ng [9], chung cit thu hodi benzen [10], vi chiét pha ran [11], sau d6 mau
duoc tiém vao hé thdng sic ky khi bang thiét bi headspace [12-13] hodc purge and trap [14].

Tai Viét Nam hi¢n tai chua c6 cong bd nao vé ham lugng benzen trong san phém co
ddng thoi mudi benzoat va acid ascorbic, 13 nhém san pham c6 nguy co xuét hién benzen.

Trong nghién ctru nay, quy trinh xdc dinh ham luong benzen trong thuc phdm da dugc
xay dung va 4p dung dé khao st ti 18 xuat hién benzen trong cdc mau thuc pham chira dong
thoi mudi benzoat va acid ascorbic duoc 14y ngau nhién trén thi truong.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. P6i twong va vat liéu nghién ciru
Déi twong nghién ctru: benzen

Mau nghién ctru: nudce gidi khat, nudc rau qua, nectar rau qua, mot sO san pham rau
cu qua che bién.

Tap chi Kiém nghiém va An toan thuc pham - tap 5, s6 2, 2022



Phat trién phuong phdp GC-MS xac dinh ham Iugng benzen ...

2.2. Héa chét, chit chuin

Cic héa chit sir dung trong nghién ctru déu 12 héa chat c6 do tinh khiét phén tich bao
goém: Chat chuan Benzen (> 99,8%, Code: 401765, Lot: SHBL0431) tir Sigma Aldrich, Noi
chuin Benzen-ds (> 99,5%, Code: C10535200, Lot: G153717) tor LGC, natri hydroxyd
(Merck), natri tetraborat (Merck), acid boric (Merck), methanol (Merck).

2.3. Thiét bi, dung cu

Thiét bi chinh dugc str dung 13 hé thong sic ky khi khdi phd ISQ 7000 cua hing
Thermo Scientific. Ngoai ra, cdc thiét bi thong thudng khic ctia phong thi nghiém gdm: can
phan tich do chinh xac 0,1 mg (MS-205DU, Mettler), mdy l4c xody (Genius, IKA), may
ddng nhat mau (Phillips), may khudy tir gia nhiét (IKA).

Cic dung cu thi nghiém bao gém: Céc loai binh dinh muc, micropipet, binh cau ddy
bang 500mL, b chung cit.

2.4. Phwong phap nghién ciru
2.4.1. Phirong phdp ldy mau

Cac miu nudc giai khét, nude rau qua, nectar rau qua, twong 6t, mit dugc 1y ngau
nhién trén dia ban Ha Ngi. Cdc mau dugce bao quan & diéu kién 4 - 8°C trude khi tién hanh
phan tich.

2.4.2. Phuwong phdp phan tich

Phuong phdp xtr Iy mau: Mau duoc dong nhat k¥ trude khi thyuc hién phan tich. Can
khoang 50g mau vao binh ciu 500 mL, Thém 100 mL dém borat 0,8M pH 11, thém 0,2 mL
dung dich noi chuan benzen-d6 ndng d6 1pg/mL. Tién hanh chung cét thu hdi benzen trén
mdy khudy tir gia nhiét, nhiét d6 dugc cai dit & 325°C, thoi gian chung cat 1 60 phdt. Dich
chung cét thu dugc dugc phan tich trén hé thng sic ky khi khdi phd [10].

Piéu kién GC-MS: Cot sic ky DB 5MS (30 m x 0,25 mm x 0,25 um). Pha dong st
dung khi heli tinh khiét 99,99%, toc d6 khi mang 1mL/phit. Chuong trinh nhiét: 35°C trong
3 phit; 5°C/phit dén 60°C, 40°C/phit dén 280°C, giit 2 phut. Tong thoi gian phén tich 1a
15,5 phit.

Tham dinh phuong phép thong qua cic thong sb nhu do dic hiéu, khoang tuyén tinh,
MDL, MQL, d¢ 1ap lai (n = 6), d6 téi 1ap (n = 10), d6 thu hdi (thém chuin 3 ngudng ndng
d6 va mdi ngudng 13p lai 3 1an). Phuong phdp dugc tham dinh trén 2 nén mau nude giai khét
va nén mau mut.

2.4.3. Phuwrong phdp xir Iy s6 liéu

Ham luong benzen trong mau duogc tinh todn tu dong dua trén phﬁn mém thiét bi GC-
MS (Thermo Scientific Xcalibur). Céc két qua thAm dinh phwong phép duogc xir Iy bang phan
mém Microsoft Excel 2010.

3. KET QUA VA BAN LUAN
3.1. T6i wu diéu Kkién phén tich trén GC-MS
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Dua vao tinh chit héa 1y ctia chit phén tich, diéu kién thuc té phong thi nghiém va
tham khao cdc tai liéu, tién hanh khao sit ché d6 tiém mAu trén hé théng GC-MS sir dung
bo tiém mau Headspace va bo tiém mau Purge and Trap.

Két qua phan tich cho thiy str dung bo tiém mau Purge and Trap cho d6 nhay cao hon,
ddng thoi pic sdc ky can ddi, it tap hon so véi sir dung bd tiém mau Headspace (Hinh 1). Do
d6, bo tiém méiu Purge and Trap duoc st dung cho cic quy trinh phan tich tiép theo.
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Hinh 1. Sic ky d6 khdo sdt ché dg tiém mau

Chuong trinh nhiét d6 anh huong dén do nhay va do can ddi cua pic sic ky khi. Do
d6, tién hanh khao sét chuong trinh nhiét do. Benzen c6 nhi¢t d§ héa hoi thz?ip nén doi hoi
nhiét d6 ban dau thép va su tang nhi¢t cham ¢ giai doan tiép theo va sau d6 tang nhiét nhanh
dé 1am sach cot. Sau khi tién hanh mot s6 khéo sat, chuong trinh nhiét d t6i wu duoc chon
nhu sau: 35°C trong 3 phiit; 5°C/phiit dén 60°C, 40°C/phit dén 280°C, giit 2 phit. Téng thoi
gian phan tich 1a 15,5 pht.

Nguén EI dugc str dung cho nghién ctru nham tao thuan loi cho viéc st dung rong rai
phuong phédp. Sau khi x4c dinh thoi gian luu cia benzen va benzen-ds, ché d6 full scan duoc
su dung dé tim céc manh ion cho tung chét. Ton ¢6 tin hiéu 16n nhat dugc lua chon 12 ion
dinh lugng (m/z = 78 vdi benzen va m/z = 84 vdi benzen-ds), ion ¢6 tin hiéu nhé hon duoc
lua chon 1am ion xdc nhén. Sic ky dd va diéu kién manh phé ctiia benzen va benzen-d6 lan
luot duge thé hién trong Bang 1 va Hinh 2.

Bang 1. Cdc manh ion cua benzen va bezene-ds

Chit phan tich Ion chit phan tich
Benzen 51,77,78
Benzen-dg 56, 82, 84
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Hinh 2. Sdc ky do benzen va benzen-ds

Cac thong sb khéc cua thiét bi duoc cb dinh gém: tdc d6 khi mang 1,0 mL/phut, nhiét
d6 cong tiém mau 200°C, nhiét d6 ngudn: 200°C.
3.2. Téi wu diéu kién xir Iy méu
3.2.1. Khao sat nhiét do va thoi chung cat

Nhiét d6 c6 anh huéng dén qud trinh chung cit mau, & diéu kién nhiét d6 thap, thoi
gian chung cat dai, qud trinh chung cét khong triét dé. Khi nhiét 6 qué cao, qud trinh chung
cAt xay ra nhanh 1am mat chat phan tich, ching t6i tién hanh khao s4t nhiét do tir 250 - 350°C,
13p lai 3 1an. Thoi gian chung cit anh hudng truc tiép dén luong dich cat thu duoc ciing nhu
d6 thu hoi ctia benzen. Két qua khao sét nhiét do va thoi gian chung cit dugc trinh bay &

Hinh 3.
Khao sat nhiét dd chung cat Khao sat thoi gian chung cat
100 100
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Hinh 3. Két qua khdo sdt nhiét @6 va thoi gian chung cat (n = 3)

Két qua cho thay do thu hoi ciia benzen tang khi nhiét do tang va dat tdi da & 325°C,
tiép tuc ting nhiét d6 s& lam giam kha ning thu hdi benzen. C6 dinh nhiét do & 325°C, tién
hanh khéo sét thoi gian chung cat. Khi tang thoi gian chung cét, d6 thu hdi ctia benzen ting
1én va thay d6i khong ddng ké sau 60 phiit. Do d6, nhiét do va thoi gian chung cat tdi wu
duoc lya chon 1a 325°C trong 60 phiit.
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3.2.2. Khdo sdt pH va nong dé dém chuwng cdt dén viéc hinh thanh benzen

Tién hanh khao sit anh huong ctia pH va ndng do dém borat dén phan tng hinh thanh
benzen khi ¢6 mat ciia mudi benzoat va acid ascorbic.

Thém 0,5 g natri benzoat va 0,5 g acid ascorbic, tién hanh chung cét trong thoi gian
30 phiit sau d6 thu dich chung cét va tién hanh phan tich benzen. Khi mdi truong chung cit
khong c6 dém borat ciing nhu khong diéu chinh pH, luong benzen hinh thanh trong qud trinh
chung cét 1a 0,5 mg. Khi thém dém borat dong thoi diéu chinh pH moéi truong chung cit
sang moi trudong kiém, sy hinh thanh benzen giam di déng ké (60 - 100 1an). Két qua khao
sat diéu kién pH va néng do dém borat dugc trinh bay trong lugc dd Hinh 4.
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Hinh 4. Két qua khdo sdt pH va nong dé dém (n = 3)

3.3. Tham dinh phwong phap

Phuong phdp phén tich dd duoc tham dinh cdc thong s sau: do dic hiéu, dudng chuén,
gidi han phat hién/ gidi han dinh lugng ctia phuong phap MDL/MQL, d¢ 1ap lai, do tai lap
va d6 thu hdi. B dic hiéu, chon loc cia phuong phap dugc khéng dinh bﬁng céch phan tich
mAau tring, mau chuan, mau thém chudn va so sanh tin hiéu, thoi gian luu, ty 18 ion dinh
tinh/ion dinh lugng cia mau chuan va mau thém chuan [15]. Két qua duoc chi ra trong Hinh 5.

Két qua trong Hinh 5 cho thiy: khong c6 tin hiéu tai thoi gian lwu ctia chét phén tich
trén sic ky do miu tring, thoi gian luu cua chat phan tich trén miu thém chuan twong tng
v6i thoi gian luu trén mau chuan. Nhu vy, phuong phép c6 do dic hiéu cao.

Puong chuan duoc xdy dung bing céch v& dudng phu thudc gitra ty 18 dién tich pic
chuan/ndi chuan va néng do twong img véi céc tiéu chi chz?ip nhan 12 R? > 0,99, d6 chéch cua
céc diém chuén < 15 %. Két qua thuc nghiém cho khoang dudng chuin lam viéc ciia benzen
tir 0,5 - 20 pg/kg, phuong trinh dudng chudn y = 0,2372x + 0,0049, hé s6 R?= 0,999. Gi6i
han phét hién cta phuong phap MDL duoc xdc dinh bang céch thém chuin vao miu tring
(méu di dugc xdc dinh khong chira chat phan tich) & mirc ndng d6 thap ngay sau khi can
mau, tién hanh phan tich theo quy trinh va xdc dinh ty 1€ tin hi€u cia chun trén tin hiéu
nhidu. MDL 12 ndng do chét phan tich tai mic S/N > 3. Két qua MDL cong b ctia phuong
phép 1a 0,05 pg/kg, MQL cua phuong phédp 1a 0,15 pg/kg.
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Hinh 5. Sdc ky dé phan tich cdc manh ion ciia mdu trang, mdau chudn, mau thém chudn tai
mikc nong dé 10 ug/kg ciia benzen
Do thu hdi va do 1ap lai ctia phuong phdp duge ddnh gid & 03 mirc ndng d6 khic nhau
cho cic loai nén miu thuc phadm bao gdm nén mau nude giai khat va nén mau mat. Két qua
d6 thu hoi duoc trinh bay trong Bang 2.
Bing 2. Két qua tham dinh do dp lai, d6 tdi ldp va dé thu hoi

Miurc Nuoc gidi khadt Mut qud
thém Délap Pétii PéthuhdiR Polip Potii  Dé thu hoi R
chuin  lgi RSD, lip % lgi RSD,  ldp %
(uglkg,L) % RSDg % % RSDr %
1 97,3 + 1074 93,6 + 104,1
2 95,4 +110,9 90,6 + 106,7
5 4,0 6,1 90,5 + 94,5 7,2 7.9 86,6 + 93,0

Déi véi ki thuat headspace, viéc tiém truc tiép khi héa hoi tir mau s& bi anh huéng
nhiéu béi nén mau va khdi lugng miu. So véi cic nghién ctru dd cong bd, phuong phip
chung cét thu hdi benzen va ki thuat tiém mAu purge and trap gitdp ha gidi han phat hién cta
phuong phdp phan tich. Thong tin vé gi6i han phét hién, giéi han dinh lugng va d6 thu hoi
ctia mot s6 nghién ctru dd céng bd duoc trinh bay trong Bang 3.
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Bdng 3. So sdanh voi cdc nghién cuu da cong bo

. . ~ Ky thuat ; Tai liéu
ha an ti Doi 7] : Két qud :
Chat phan tich 01 twgng mau phan tich et qud tham khio
Mau sira chua, Gi6i han phat hién
yc, thi HS- LOD Iz L
Benzen nuo.c, t ’1.t, ) S (? aA’O,S ng/kn.l : [10]
phomai, trdi cay GC/MS Hi¢u suat thu hoi tr
xay nhuyén 76 - 80%.
Db udng vitamin LOD 12 0.27 ng/mL
Benzen va nué’f ép nam HS- LOQ1a 081 ng/mL [16]
¢ e fét GC/MS D6 thu hdi trong
. khoang 92 - 104%
P
Benzen va _ wrge and 63 han phat hién 1
alkylbenzens Mau stra trap - 0,01 ng/mL 171
yenz GC/MS e
M, t a, LOD la 0,05 ng/mL .
1T0’ng c’a Purge and ? ngm Nghién cuu
tuong &t, nudc LOQ 12 0,15 ng/mL ) )
Benzene igi khat, nectar P~ Po thu hdi trong - ching
8 ’ GC/MS ' & i

qua

khoang 86,6 - 110,9%

3.3. Két qua phan tich miu thyc

Trén co s& phuong phép da xay dung, tién hanh xdc dinh ham lugng benzen trong 120
mau thuc phdm bao gém nectar qua, nude giai khat, mut qua, twong ca va twong 6t duge thu
thap trén dia ban Ha Noi. Cdc mau thém chuan duoc phan tich dong thoi theo 16 phan tich
nham kiém tra do thu hdi. Két qua thu duoc dugc trinh bay trong Bang 4 va Hinh 6.

Bing 4. Két qua phan tich mdu thuc

Khodng nong dp (ug/kg)

Nén méu Sé mdu
<0,05 0,05 -1 1-10 > 10
Nectar qud 40 34 (82,5%) 7 (17,5%) 0 0
Nuéc gidi khdt 40 31 (77,5%) 7 (17,5%) 2(5,0%) 0
Mut qud 15 9 (60,0%) 4(26,7%) 2 (13,3%) 0
Twong ca 10 7 (70%) 3 (30%) 0 0
Twong ot 15 7 (46,7%) 5 (33.3%) 1(6,7%) 2 (13,3%)
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Hinh 6. Sdc ky dé phan tich benzen trén mot sé6 mau thiec

Két qua phan tich cho thdy benzen dugc phat hién trong 33 mau trén tong s6 120 mau,
chiém ti 1& dwong tinh 13 27,5%. Trong d6, c6 26 mau phdt hién ham luong benzen trong
khoang 0,05 - 1,0 pg/kg/L, 5 mau phat hién ham luong benzen trong khoang 1 - 10 pg/kg/L,
2 miu twong Ot phét hién ham luong benzen trong khoang 15,2 - 109,7 ug/kg. Hau hét cdc
mau c6 chira benzen phét hién trong céc san phim c6 cong b natri benzoat hoic trong mot
s6 san pham khong rd ngudn gbe xudt x.

4. KET LUAN

Phuong phdp phén tich x4c dinh ham luong benzen dd dugc nghién ciru tbi uu theo
quy trinh phén tich purge and trap va phan tich trén thiét bi sic ky khi khéi phd GC-MS.
Quy trinh ti wu duoc ing dung dé phan tich 120 miu thuc phim bao gdm nectar qua, nudc
giai khét, mut qua, twong ca va tuong 6t. Két qua phét hién benzen trong 33 mau trén tong
s6 120 mau khao sat, ham luong benzen trong khoang tir 0 - 109,7 pg/kg. Nhém thyc phdm
c6 nguy co cao nhét 1a trong 6t, ddc biét 1a cidc miu twong 6t khong 18 ngudn gde. Viée
nhidm benzen véi ti 16 cao va & mic ham lugng khé 16n giy nén méi lo ngai cho ca nha quan
1y 1an ngudi tiéu ding. Nghién ctru tiép tuc d& xudt mé rong phén tich trén cic ddi tugng
mau khéc, ting sé lwong miu, khao sit muc do tidu thy dé danh gid nguy co phoi nhiém
benzen d6i v6i ngudi tiéu dung Viét Nam.
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Abstract

Food products containing simultaneously benzoate salts and ascorbic acid have a risk
of benzene formation. This study has developed gas chromatography-mass spectrometry
method GC-MS to determine the benzene content in foods containing benzoate salts and
ascorbic acid simultaneously. The analyte sample was distilled to recover benzene and
analyzed on GC-MS using a purge and trap injector, the analysis was controlled by benzene-
d6 internal standard. The method has been validated for the parameters specified by AOAC.
The method detection limit was 0.05 pg/kg, the method quantification limit was 0.15 ug/kg,
the recovery ranged from 86.6 to 110.9%, Repeatability, RSDr in the range of 4.0 - 7.2%.
The method has been applied to analyze the benzene content in 120 food samples including:
soft drinks, fruit nectar, chili sauce and jam. Results of detecting benzene in 33 samples out
of 120 surveyed samples, benzene content ranged from O to 109.7 pg/kg.

Tir khoa: Benzene, purge and trap, GC-MS.
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