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Tém tit. Trong nghién ctru niy téng thanh phan cac hop chét hitu co dé bay hoi dugc dinh danh thanh
phan dua trén ki thuat giai hip nhiét két hop sic ky khi ghép khéi phd (TD-GC/MS), tong thanh phan nay
duoc dinh luong dya trén trén ti 1€ dién tich vdi styrene. Phuong phap GC-MS duoc thdm dinh véi 5 hoat
chat dai dién ctia nén miu nhwa polystyrene bao gom toluene, styrene, isopropylbenzene, ethylbenzene, n-
propylbenzene. Két qua tham dinh cho thdy phuong phap c6 d6 nhay, d6 lap va do tai lap cao véi MDL va
MQL lan luot ethylbenzene (2,07 mg/kg va 6,89 mg/kg), isopropylbenzene (2,33 mg/kg va 7,76 mg/kg),
n-propylbenzene (2,50 mg/kg va 8,33 mg/kg), styrene (2,26 mg/kg va 7,53 mg/kg), toluene (2,41 mg/kg va
8,03 mg/kg), 46 dung nam trong khoang 90,17 — 106,67 %. Phuong phap dugc sir dung dinh luong 30 mau
nhwa cé trén thi truong két qua cho thay hau hét cac mau déu phét hién c6 thanh phan VOCs nhung khong
vuot ngudng cho phép theo quy chuin Viét Nam (QCVN 12-1: :2017/BYT). Nghién clru ndy mong mu6n
dong gop mot phuong phap phén tich nham kiém soat danh gia chét luong bao bi nhua polystyrene co tlep
xdc véi thuc pham, két qua phan tich khuyén céo vé cic chét hitu co d& bay hoi trong bao bi théi nhiém
vao thyc pham c6 thé anh hudng sirc khoe cho ngudi sir dung.

T khéa. Polystyrene, VOCs, TD-GC/MS, bao bi nhya PS.

1. MOPAU

Trong x3 hoi hién dai, bao bi thuc pham dong vai trd quan trong trong doi song vi tinh tién loi, bén, nhe va
an toan khi van chuyén. Tuy nhién, ngoai nhitng tinh hitu dung trén thi su t6n du cua cac hop chat hitu co
dé bay hoi (VOCs) anh huéng nghiém trong téi strc khoe ciia nguoi sir dung ciing nhur 6 nhiém méi trudng
[1-4]. Cac hop chat VOCs nay hién dién trong bao bi dén tir nhiéu ngudn khac nhau nhu nguyén liéu dau
vao, qua trinh nghién, ép va dun hodc ching duoc thém vao véi vai tro 1a chat phu gia nhu ting tinh mai
mon, tinh déo, chdng tia UV, chong dinh, chdng 130 héa, chat bdi tron ...[5-7].

Tai Viét Nam, bao bi thuc phdm dugc san xuat tir nhua polystyrene (PS) duoc sir dung phd bién dé dung
thuc phém an san trong cira hang tién loi hodc via hé vi tinh tién lgi cua chung. Céac bao bi nay dugc sir
dung ca trong diéu kién nhiét d6 thap nhu cac khay dung ca, thit sdng, rau qua trong siéu thi dén ca nhiét
dd cao nhu cac t6 dung chao, mi, nui... hay cac dd dung mot lan nhu dia, chén, t6... Cac san phém bao bi
nay co thé dung trong thoi gian dai dé bao quan thyc phém, cling nhu trong cac diéu kién nhiét d6 khac
nhau 14 diéu kién 1y tuéng dé cac hop chit VOCs thdi nhidm vao thue phim, didu nay s& anh hudng tdi st
khoe ctia nguoi str dung [8-10].

Trong nhitng nim gan day c6 nhiéu nghién ctru xac dinh VOCs trong bao bi nhya bang nhiéu k¥ thuét khac
nhau. Nam 2022, Formela da thyc hién nghién ctru xac dinh VOCs phat thai tir 16p xe di qua sir dung bang
phuong phap GC-MS, két qua cho thdy rang ham lugng VOCs phét thai ra moi truong la dang bao dong
[11]. Ngoai ra, c6 nhiéu nghién ctru st dung cac ky thuat hién dai két horp voi thiét bi GC-MS, dién hinh
nhu Martinez va cac cdng su da st dung ki thuat HS-HPME Kkét hop voi GC-MS dé xac dinh cac hop chét
VOCs phat thai tir mau trai tio bi hong, két qua nghién ciru da xac dinh dwoc 83 hop chat trong d6 c6 41
hop chat VOCs khéac nhau [12-16]. K thuat giai hap nhiét két hop v61 GC-MS 1a mét ky thuét hién dai
dugc str dung dé dinh danh cling nhu dinh luong cac hop chét dé bay hoi nhd vao kha ning biy lanh lam
giau ctia hé TD sau d6 mau dugc nén, gia nhiét va giai hap diy vao hé théng GC-MS, véi ky thuit nay kha
ning phan tich nhanh, nhay va it ton kém, ching duoc liét ké 1a mot trong phuong phap phan tich xanh.
Dién hinh cho linh vuc nay, nim 2012 Rodriguez-Navas va Gallego da st dung hé théng TD-GC/MS dé
dinh tinh va dinh luong VOCs [17, 18], két qua déu cho thiy tinh uu viét cia hé thdng nay. Trong bao bi
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nhya PS thuong ton du cac hop chat VOCs nhu styrene, toluene, ethylbenzene, isopropylbenzene, n-
propylbezene...[19, 20] Theo IARC, styrene dugc xép vao nhom 2A (c6 kha ning cao giy ung thu cho
nguoi), ethylbenzene va isopropylbenzene dugc xép vao nhom 2B (c6 kha nang gay ung thu cho nguoi),
toluene dugc x€p vao nhom 3 (khong phén loai dugc vé kha ning gay ung thu & nguoi) [21]. Cac hop chat
nay cling da dugc quy dinh nghiém ngat vé du luong theo QCVN 12-01:2011/BYT [22].

Muc tiéu ctia nghién ciru nay 1a sir dung k¥ thuat TD-GC/MS dé dinh danh cac hop chat VOCs trong mau
nhwa PS va thdm dinh phuong phap GC/MS dé dinh luong tong cac hop chit VOCs (styrene, toluene,
ethylbenzene, isopropylbenzene, n-propylbezene). Tir do, khao st ton du ham lugng tong sb chat bay hoi
trong mot so mau nhya PS dugc su dung nhiéu trén thi tredng tai Thanh phé H6 Chi Minh, két qua canh
bao cho ngudi tiéu ding vé tinh an toan ciia san pham.

2. THUC NGHIEM

2.1 Héa chét va chit chuin

—  Chat chuan ethylbenzene (EB, 99 %), isopropylbenzene (i-PB, 99 %), n-propylbenzene (n-PB,
99 %), toluene (TOL, 99 %), styrene (STY, 99 %) dugc mua tir Sigma-Aldrich (Steinheim,
Germany), chat noi chuan 1,2-diethylbenzene (1,2-DEB) va dung mdi isooctane (i-OT)
dichloromethane, n-hexane dugc mua tir Merck Chemicals (Darmstadt, Germany).

—  Dung dich chuan hén hop gbc (EB, i-PB, n-PB, TOL va STY) dugc pha véi nong do 1000 mg/L
cho mdi chét bang dung méi n-hexane. Dung dich chuin hdn hop trung gian 100 mg/L dugc pha
lodng tir dung dich chuan hén hop gdc véi hdn hgp dung méi dichloromethane/i-OT (1/4).

— Dung dich ndi chuan 1,2-DEB (1000 mg/L) duoc chuan bj bang cach pha lodng v&i dung méi n-
hexane.

— Tt ca céac dung dich chuén va ndi chuin duge bao quan 6 nhiét d¢ -18 °Cva dugc danh siéu am 5
phut trude khi str dung.

2.2 Thiét bi

H¢ thong phén tich bao gdm thiét bi gidi hap nhiét (Markes TD100-xr) két ndi v6i thiét b sdc ky khi
(Thermo Scientific™ TRACE™ 1310) ghép khoi pho (Thermo Scientific™ ISQ™ 7000) dugc st dung
vdi cac thong so toi uu dugc thiét 14p trong Bang 1.

Bang 1. Thong s phan tich trén thiét bi TD-GC/MS

Parameter Retained Conditions
TD100-xr system parameters
Focusing trap General purpose (Graphitised
Carbon) Markes P/N U-T11GPC-2S
Flow path temperature 100 °C
Desorption time and temperature 15 min at 100 °C
Trap low temperature -10°C
Trap high temperature 245 °C
TRACE 1310 GC system parameters
Carrier gas; flow rate; mode He; 1,5 mL/min; constant flow
Inlet type/temperature SSL/200 °C
Purge flow 5 mL/min
Column DB-5MS (30 m x 0,25 mm X
0,25um)
Oven temperature program
Rate Target Hold time
(°C/min) temperature (°C) (min)
Initial - 60 3,00
Stage 1 6 100 0,00
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Final 30 280 2,00
1SQ 7000 MS conditions
Transfer line temperature 250 °C
lonization mode El
lon source temperature 200 °C
Electron energy 70 eV
Emission current 50 pA
Scan time 0,2s
Acquisition mode Full scan (m/z 29-550)

2.3 Chuén bi miu

Thu thap mau: Ba muoi miu dia, t0, hdp, khay... san xuét tir nhya PS chua qua st dung dugc thu thép tai
cac cho trén dia ban TP.HCM, rira sach, dé kho va cat thanh miéng nho ¢6 kich thude 2 X2 cm.

Chuan bi miu thir dinh danh bang k¥ thuat TD-GC/MS: Can chinh xac khoang 0,1g mau nhya cho vao 6ng
giai hip bang thép khong ri, day kin bang nip chuyén dung ciia éng, cho vao khay mau hé TD100-xr két
ndi véi he¢ GC-MS.

Chuén bi mau thir dinh luong bang k¥ thuat GC/MS: Can chinh xac khoang 0,1 g mau nhya PS cho vao
vial ¢6 dung tich 20 mL, thém 2 mL CH.Cl,, lic trong 5 phiit dén khi thdy nhya tan hoan toan. Thém 50
uL ctia ndi chuan 1,2-DEB c¢6 nong d6 1000 mg/L va thém dung méi i-OT dén 10 mL. Lic trong 10 phit,
sau do lay ra ly tim 10 phut & 4000 vong/phut. Liy 1 mL dung dich nay tién hanh phan tich trén thiét bi
GC-MS.

Chuan bi mau tring: Can chinh xac khoang 1 g nhya PS vao 6ng ly tdm ¢ dung tich 50 mL, thém 2 mL
CH:Cl,, lic trong 5 phat cho mAu tan hoan toan. Thém 8 mL i-OT, lic trong 15 phut cho cac polymer két
taa hoan toan, ly tm trong 20 phut & 7000 vong/phut. Loai bo 16p dich chiét, lap lai quy trinh 3 1an dé d¢am
bao chiét hoan toan ton du monomer trong nhua PS. Thuc hién lap lai 10 1an mau tring nhu trén. Tap trung
tat ca L lugng nhya két ‘tua cho vao becher 50 mL, dem di sdy kho ¢ 60 °C trong 2 gio, tién hanh phén tich
lai mau trang, trong sic ky dd tai vi tri thoi gian luu cua céc chat phan tich khong xuét hién mii sic ky.
Chuan bi miu thém chuan: Mau trang duoc thém chuan ¢ cac ndng d6 20, 50, 150, 300 mg/kg, sau d6 tién
hanh thir nghiém theo quy trinh phan tich mau thye.

2.4 Tham dinh phwong phap

Tham dinh phuong phap dugc thyc hién theo tai liéu hudng dan SANTE/1 1312/2021 [23] cua Uy Ban
Chéu Au. Cac théng sO thim dinh duoc thuc hién bang cach thém chudn vao mAu tring ¢ 3 mirc néng do
khéc nhau, cac thong s6 duoc tham dinh bao gom do chon loc, khoang tuyén tinh, MDL, MQL, d6 lap, do
tai lap, hiéu suat thu hoi va do khong dam bao do ciia phwong phap GC/MS.

3. KET QUA VA THAO LUAN

3.1 Pinh danh tong thanh phin VOCs trong miu nhy PS

Bavmﬁu‘ thu (M7, M8 va M9) dugce lya chon ngiu nhién dé khao sat thanh phan ton du VOCs trong san
pham bang ky thuat TD-GC/MS bang cach st dung ngan hang phd MS NIST 2017, cac hoat chat dugc tim
thay trong Hinh 1.
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Hinh 1. Sic ky d6 dinh danh cdc mau nhya bang k¥ thuat TD-GC/MS

Két qua khao sat cac VOCs clia ba mau nhya PS trén cho thdy téng cong c6 34 chét duoc xac dinh trong
d6 co su xuat hién cua cac hop chét hydrocarbon vong thom nhu toluene, styrene, isopropylbenzene,
ethylbenzene, n-propylbenzene ... la cac san pham phu dic trung trong qua trinh tring hop nhua PS, ching
ton tai trong san pham dudi dang du lwong monomer [24]. Ngoal ra cac acid béo ciing duoc tim thay nhu
nonanoic acid, dodecanoic acid, tetradecanoic acid..., cac hop chit t ndy thuong duoc sir dung lam chat boi
tron chong dinh khuon trong qua trinh gia cong nhua Tty vao mdi loai san phdm ma c6 cac thanh phan
VOCs khac nhau, cac hop chét nay thoi nhidm vao thie pham nhiéu hay it tiy thudc vao nhiét do va tinh
chat ctia thuc phdm diéu nay c6 thé gy hai cho ngudi str dung, dic biét 1a cac hop chit thude nhom 2A va
2B 1a nhém c6 kha ndng cao va nhom c6 nguy co gay ung thu cho nguoi.

Tai Viét Nam, bao bi dugc san xut tir nhua PS dugc sir dung rat phé bién, trung binh mdi hd gia dinh s
dung tir 2 dén 4 hop x6p mdi ngay [25, 26]. Hop x6p duoc sir dung phd bién nhat cho thue phim mang di
& rat nhiéu cira hang thirc an nhanh, cac hang quan rong va cac ctra hang an udng vi su tién loi ciia né, thuc
pham duogc chtra dung thuong 1a cac thie dn 16ng, nong hodc da duoc dun soi. Ton du cua tong s chat bay
hoi ¢6 trong nhua PS, khi thdi nhidm vao thic pham sé& 1a ngudn gay nguy hai vé an toan vé sinh thyc pham
va c¢6 thé anh hudng dén siic khoe ngudi tiéu dung.

3.2 Tham dinh phwong phap GC/MS

3.2.1 Do chon loc

Do chon loc ciia phuong phéap sic ky khi ghép khéi phd duoc khing dinh qua cac théng sd nhu thoi gian
luu (tr) va ti 1€ ion phu/ion chinh (IR). Ti 1€ IR va tr trung binh dugc tinh dya trén két qua ctia duong chuan
O cac nong d6 khac nhau. D4i véi chat phan tich la ethylbenzene, thoi gian luu trung binh dugc tinh dya
vao cac diém chuén, khoang bién thién cho phép 1a + 0,5 %, gia tri cho phép tr thap nhat tinh duoc la 4,26
phut va gia tri cao nhét 1a 4,30 ph(t, khoang IR cho phep la 26,2 — 39,3 %. Khi phén tich mau thyc, két qua
duogc két luan 1a phat hién ethylbenzene khi séc ky dd ciia mau xuat hién miii sac ky tai thoi gian luu nam
trong khoang 4,26 — 4,30 phut va ti 1 ion phu/ion chinh phai nim trong khoang 26,2 — 39,3 %. Tinh toan
tuong tu cho cac khoang tr va IR cua cac chat con lai, két qua duoc trinh bay chi tiét trong Bang 2 va Hinh
2.
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Bang 2. Tiéu chi d6 chon loc ctia timg chat phén tich

Chat Khoang thoi Khoang ty
phén tich gian luu (phit) 1€ ion (%)
TOL 2,72 -2,75 -
EB 4,26 — 4,30 26,2-39,3
STY 4,79 —-4,95 42,6 - 63,4
i-PB 5,54 - 5,98 22,1-33,2
n-PB 6,27 - 6,73 19,8 - 29,8
100 EB 421
95
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Hinh 2: Sic ky d6 chuan hdn hop 5 chit nong do 4 mg/L

Phuong phap c6 d6 chon loc cao dugc thuc hién trén 6 mau tréng, tai thoi gian luu cia tat ca cac chat phan
tich déu khong xuét hién tin hiéu nhidu nén. Trong khi d6 cic mAu tring nay dugc thém chuin & ndng do
50 mg/kg co thoi gian luu cua cc chit déu ndm trong khoang 1&ch cho phép so v6i chudn, va ty 18 ion déu
nam trong khoang cho phep nhu Bing 2.

3.2.2 Lap dudong chuan

Puong chuin cua ting hop hoat chét duogc 1ap trong dung moi i-OT voi chét ndi chuén 1,2-DEB voéi két

qué thé hién chi tiét trong Bang 3.
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Bang 3. Phuong trinh dudng chuan

cil;?u:l Phuong trinh (y = ax + b) HE s ?Fleg)én tinh Khoa(rr;]gg;llf_l)ng dé
EB y = 0,4620x + 0,00952 0,9993 0,20 — 4,00
i-PB y = 0,3811x + 0,00761 0,9996 0,20 — 4,00
n-PB y = 0,4583x + 0,00750 0,9996 0,20 — 4,00
STY y = 0,2681x + 0,00129 0,9997 0,20 — 4,00
TOL y = 0,6158x + 0,00538 0,9996 0,20 — 4,00

Cha y: Véiy la ty 1€ dién tich cua chat chuan/chét ndi chuan, x 1a ty 18 ndng do cua chét chuan/chét noi
chuan.

Két qua khao sat cho thy tat ca cic chat phan tich déu tuyén tinh trong khoang 0,2 — 4,0 mg/L, véi hé sd
R2>0,999. Véi khoang tuyén tinh nay hoan toan phi hop dé dinh luong cac hoat chét trén.

3.2.3 Gidi han phat hién, giéi han dinh lugng cua phuong phap

Gi61 han phat hién (MDL) va gi61 han dinh lugng (MQL) cua cac chat phan tich dugc khao sat bang cach
do 1ap lai 10 1an mau trang thém chuan ¢ ndng d6 20 mg/kg. Két qua duoc thé hién trong Bang 4.

Bang 4. Giéi han phat hién cua cac chit phan tich

Chat  Néng dd thém Nong do Po lap

phan chuén tim thay (SD, (r'1\1/|[/)ll_) (r':]/IC/)kL)
tich (mg/kg) (mg/kg) n=10) g’kg gkg
EB 20 18,79 06895 2,07 6,89
i-PB 20 20,85 0,7765 2,33 7,76
n-PB 20 20,81 08316 2,50 8,33
STY 20 19,28 07516 2,26 7,53
TOL 20 18,24 08027 2,41 8,03

MDL va MQL cua tit ca cac hoat chat co gia tri nam trong khoang 2,07 — 2,50 mg/kg va 6,89 — 8,33 mg/kg,
v6i két qua nay 1a dang tin cdy va phi hop dé phan tich trén nén mau nhya PS [23, 27, 28].

3.2.4 Hiéu suat thu hoi, do lap lai, d6 tai lap

b lap lai, do tai lap va hiéu suét thu hoi cla cac chat phan tich dugc danh gia bang viéc khao sat hiéu suét
thu h01 clia mau trang thém chuén & cac ndng do 50 mg/kg, 150 mg/kg va 300 mg/kg. Thuc hién khao sat
12 mau trong hai ngay khéc nhau, mdi ngay khao sat 6 mau. Hiéu sudt thu hdi cua chat phan tich dugc tinh
toan dua trén duong chuan trén nén dung moi i-OT. D¢ 1ap lai trong ddi (RSDy) dugc thyc hién bang cach
phan tich 1ap lai cua 6 mau khao sat trong ngay, trong khi d6 do tai 1ap (RSDr) dugc thuc hién phan tich do
l3p cua 12 méu khao sat trong hai ngay. Két qua khao sat dugc trinh bay trong Bang 5.
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Bang 5. D6 dung, do lap lai va d6 tai lap

Chit Mau + 50 mg/kg M4u + 150 mg/kg Mau + 300 mg/kg

a

phéan

tich %H RSD¢ RSDr %H RSD¢ RSDr %H RSDr RSDr

(%6) (%) (%) (%) (%) (%)

EB 91,25-104,7 3,47 4,31 96,57-104,89 2,84 2,80 94,17-103,69 1,99 2,39
i-PB 95,13-106,0 1,40 3,12 98,41-106,67 2,51 2,55 95,18-103,86 1,90 2,62
n-PB 91,20-101,2 2,47 3,04 94,85-106,44 2,52 2,54 91,37-104,26 3,56 3,61

STY 93,03-101,0 3,44 3,45 94,82-103,15 2,77 3,07 93,06-100,84 2,38 2,53
TOL 90,17-105,3 5,30 5,23 93,03-103,68 2,27 3,36 90,25-103,43 3,01 4,43

Két qua cho thiy & nong d6 thém chudn 50 mg/kg, 150 mg/kg va 300 mg/kg tit ca cac chét phan tich khao
sat c6 hidu suat thu hoi, do 1ap lai, do tai 1ap thoa man yéu cau theo AOAC [27].

3.2.5 DBJ khong dam bao do

Do khong dam bao do dugce wéc luong duwa trén tai liéu hudng dan [23]. Két qua dugc trinh bay chi tiét
trong Bang 6.

Bang 6. P9 khong dam bao do timg hoat chét phan tich

Chét phan tich ?;)I)D bo C(f:;oc)h At %OZ)R {(0=0,05, n-1) (g/z )
EB 5,67 3,40 6,61 12,95

i-PB 4,81 2,68 5,51 10,79

n-PB 5,91 3,57 6,91 1,96 13,54
TOL 7,63 4,42 8,82 17,29
STY 5,27 3,29 6,21 12,17

Két qua udc lugng d6 khong dam bao do cho thiy UR cla cac chét ném trong khoang 10,79 — 17,29 %. Nhu
v@y két qua thdm dinh phuong phép cho thay cac théng s6 déu dip Umg theo yéu cau cua
SANTE/11312/2021 va AOAC doi véi phuong phap phan tich ham lugng tong cac chat bay hoi trong nhya
PS.

3.3 Pinh hrgng thanh phin VOCs trong miu nhya PS

Ham luong tong chat bay hoi trong nhwa PS duoc thu thap va khao sat 3 loai mau dia, to va hop (mdi loai
10 mau dai dién) duoc ban trén thi truong khu vuc Thanh Pho HO6 Chi Minh.
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MAu nhwa PS

Hinh 0. Két qua tong styrene va ethylbenzene trong 30 mau nhya PS

Két qua phan tich cho thay ¢ tit ca 30 mau nhya PS, khong phat hién cac thanh phan TOL, i-PB va n-PB
hodc c¢6 phét hién nhung & dudi ngudng dinh lugng ciia phuong phap. Trong Hinh 3 cho thiy hai chat STY
va EB dugc tim thdy ¢ tit ca 30 mau nhya PS, trong d6 mau M22 va M26 c6 ham luong tong hai chit
styrene va ethylbenzene lan luot 1a 1091,3 va 1119,5 mg/kg, gia tri nay vuot qua gii han téi da cho phép
theo QCVN 12-1:2017/BYT (nho hon 1000 mg/kg). Cac mau con lai ¢o ham lugng tong STY va EB tir 176
— 968 mg/kg. Viéc ton du ham luong 16n cac chat bay hoi trong nhya PS (dic biét 1a STY va EB la hai chat
¢6 kha ning giy ung thu theo TARC) anh huéng rat 16n d&én an toan vé sinh thuc pham va sirc khoe nguoi

tiéu dung.

Dua trén két qua styrene da dinh lugng trong cac mau M7, M8, M9 va st 'dung styrene nhu la mot chat dé
quy dbi, thi ham lugng twong dbi cua tong cac chit VOCs c6 trong ba mau M7, M8 va M9 da khao sat ¢
phan dinh tinh bang TD-GC/MS duoc quy dbi theo STY va két qua duoc thé hién & Bang 7.

Bang 7. Ham luong tong VOCs trong miu nhya PS

Thoi Méiu 7 MAiu 8 Méiu 9
£ I gian s A den VOCs A den VOCs Ty 1€ VOCs
Chat phan tich lwu T,y le dw,n. theo Ty I¢ dw,n. theo dién tich theo
(phupy RSN sy RSO STY  sevei  STY
®0  (myikg) ) (mgkg) STY (%) (mrkg)
Toluene 3,99 0,78 4,35 1,48 17,50 1,78 18,03
Ethylbenzene 6,37 7,76 43,37 15,59 183,85 14,73 148,96
p-Xylene 6,58 1,36 7,60 1,30 15,36 0,99 9,97
Styrene 7,04 23,76 132,71 43,33 510,78 43,73 442,15
Isopropylbenzene 7,69 0,76 4,25 3,07 36,24 1,40 14,17
Benzene, 2-propenyl- 8,10 0,96 5,36 0,31 3,60 0,32 3,26
n-Propylbenzene 8,24 1,46 8,15 1,06 12,53 1,07 10,82
Benzaldehyde 8,41 8,02 44,78 6,61 77,95 6,21 62,82
Phenol 8,62 1,08 6,01 1,26 14,85 0,92 9,29
Toluene, o-ethyl- 8,66 - - 0,68 8,04 0,63 6,34
a-Methylstyrene 8,72 0,79 4,44 0,77 9,07 0,57 5,78
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L Méiu 7 MAiu 8 Méiu 9
Thoi
At AR gian o UA ia VOCs s UA in VOCs Ty 1é VOCs
Chat phan tich lll’l,l tTiZhlit;iifgél’li theo tTig’hlgs(:lfél’li theo dién tich theo
(phdt) oy (%) STY STY (%) STY 50 Vi STY
(mg/kg) (mg/kg) STY (%) (mg/kg)
Benzene, cyclopropyl- 8,88 0,66 3,67 0,09 1,06 0,08 0,83
Toluene, m-ethyl- 8,92 0,31 1,76 0,12 1,37 0,07 0,71
Benzene, (1- 9,16 0,58 3,23 0,23 2,71 0,19 1,89
methylpropyl)-
1-Hexanol, 2-ethyl 9,41 1,29 7,20 - - 0,30 3,00
Benzeneacetaldehyde 9,67 0,65 3,62 2,61 30,79 2,68 27,07
Acetophenone 9,97 12,82 71,62 3,61 42,52 3,41 34,45
Benzene, (1-methoxy-
1-methylethyl)- 10,27 1,99 11,10 - - - -
Benzeneethanol 10,56 - - 0,21 2,45 0,21 2,09
Nonanoic acid 12,22 0,92 5,13 - - 0,17 1,74
Styrene glycol 12,68 0,99 5,52 - - - -
Tetradecane 13,50 0,45 2,53 - - - -
Cyclododecane 14,16 1,17 6,55 - - - -
Dodecanoic acid 14,86 1,52 8,50 - - - -
Hexadecane 15,19 0,55 3,07 - - - -
Tridecanoic acid 15,64 0,92 5,13 - - - -
Propane, 1,3-diphenyl- 15,75 1,64 9,19 1,71 20,15 1,94 19,64
Benzene, 1,1'-(1,2-
cyclobutanediyl)bis-, - - - 1,71 20,21 - -
trans-
1.234-Tetrahydro-2- ¢ 50 2,62 14,65 5,25 61,95 6,83 69,10
phenylnaphthalene
Tetradecanoic acid 16,45 5,07 28,29 - - 1,59 16,11
[2.2]Paracyclophane 16,48 - - 8,99 105,96 10,18 102,96
Pentadecanoic acid 17,14 3,80 21,23 - - - -
Palmitoleic acid 17,70 5,05 28,23 - - - -
Hexadecanoic acid 17,84 10,25 57,27 - - - -
Téng 100,00 558,50 100,00 1178,94 100,00 1011,17

Két qua cho thiy ham lugng tong ctia cac VOCs c6 trong bao bi 1am tir nhwa PS 14 twong déi cao 558,50;
1178,94 va 1011,17 mg/kg 1an lugt d6i véi miu M7, M8, M9. Tuy nhién, véi gi4 tri nay tong VOCs khong
vuot qua gioi han t6i da cho phép theo QCVN 12-1:2017/BYT (nho hon 5000 mg/kg), vi viy bao bi nay
van nam trong gi6i han an toan cho ngudi st dung nhung vé 1au dai s& anh hudng t6i stirc khoe. Viée nghién
ctru dinh danh, dinh lugng chi tiét cac thanh phan VOCs cho chiing ta mot c4i nhin tong quét va sau rong
hon 1a chi dga vao khuén kho cta cac quy dinh. Ket quéa thu dugc chinh 13 nhitng dir lidu quan trong dé
canh bao nguoi tiéu ding vé nhing nguy co tiém 4n co thé gay ra cho stc khoe khi lién tuc sir dung cac
bao bi nhya PS dyng thuc pharn nhét 1a nhitng d6 an ndng va c6 chira nhiéu dau béo. Pay cung la ly do tai
sa0 cac nudc tién tién trén thé gioi da sir dung mot 16p polyethylene phu 1én mét trong ctia hop x6p PS dung
dung thuc pham, viéc _phu nay nham muc dich trénh khdng dé nhya PS tiép xtic truc tiép v6i thuc phim,
ngin chin sy thoi nhiém céac chat c6 hai tir bao bi vao thuc phim, gdy anh hudéng dén sirc khoe ngudi sir
dung.

4. KET LUAN

Mot k¥ thuat giai hap nhiét két hop véi hé sic ky khi ghép khdi phd da duge tmg dung thanh cong dé phan
tich tong VOCs trong bao bi nhua polystyrene dua trén dinh danh va dinh lugng theo ham lugng ctia styrene.
Két qua di minh chimg duoc phwong phap c6 d6 nhay, d6 1ap, tai lip va hiéu suét thu hdi cao. Ngoai ra,
Kkét qua phan tich trén 30 mau luu hanh trén thi trudng da phat hién duoc su hién dién cia ham lugng VOCs
vuot quéa sy cho phép cua quy chuan Viét Nam, day ciing 1a hdi chudng canh bao sy lam dung bao bi duoc
san xuét tir nhya PS dé dung thuc phém, dac biét 1a thuc phém néng.
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CAM ON

Chung t61 chan thanh cam on Khoa Cong ngh¢ Hoa hoc, Pai hoc Cong nghiép TPHCM va Trung Tam Dich
Vu Phan Tich Thi Nghiém TP.HCM da ho tr¢ co so vat chat va thiét bi dé ching t6i hoan tat nghién ctu
nay. Chung t6i cling chan thanh cam on Ban bién tip va phan bién da gitp ching t6i hoan thi€n bai bao
nay.
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DETERMINATION OF TOTAL VOLATILE ORGANIC COMPOUNDS FROM
POLYSTYRENE PACKAGING INTENDED FOR CONTACT WITH FOOD BASE ON
TD-GC/MS TECHNIQUE

VAN-TRONG NGUYEN*, VAN-TAI HO, THANHTHUY TRAN
Faculty of Chemical Engineering, Industrial University of Ho Chi Minh City, Ho Chi Minh City
*Coresponding author: nguyenvantrong@iuh.edu.vn

Abstract. In this study, the total volatile organic compounds were identified based on the technique of
thermal desorption combined with gas chromatography - mass spectrometry (TD-GC/MS), and quantitative
based on the area ratio to styrene. GC-MS method was validated with 5 compounds including toluene,
styrene, isopropylbenzene, ethylbenzene, n-propylbenzene. The validation results show that the method has
high sensitivity, repeatability, and reproducibility with MDL and MQL are ethylbenzene (2.07 mg/kg and
6.89 mg/kg), isopropylbenzene (2.33 mg/kg va 7.76 mg/kg), n-propylbenzene (2.50 mg/kg va 8.33 mg/kg),
styrene (2.26 mg/kg and 7.53 mg/kg), toluene (2.41 mg/kg and 8.03 mg/kg), respectively, the accuracy of
method from 90.17 to 106.67 %. The method used to quantify 30 plastic samples on the market showed
that most of the samples were found amount VOCs but didn’t exceed the allowable threshold according to
Vietnamese standards (QCVN 12-1:2017/BYT). This study wishes to contribute an analytical method to
control and evaluate the quality of polystyrene plastic packaging in contact with food, the results of the
analysis recommend that may affect the health of the user.

Keyword. Polystyrene, VOCs, TD-GC/MS, PS packaging.
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