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SUMMARY

DEVELOPMENT OF AN ANALYTICAL PROCEDURE FOR DETERMINATION
OF DIOXIN/FURANS IN MILK BY USING HIGH-RESOLUTION GAS
CHROMATOGRAPHY/ HIGH-RESOLUTION MASS SPECTROMETRY
(HRGC/HRMS)

Eight samples of fresh cow milk were collected at supermarkets in Hanoi city. The freeze-dried samples
were analyzed according to the US EPA Method 1613B. After extraction, the extracts were cleaned up
by using multi-layer silicagel column and activated carbon column. The volume of eluted solvents was
tested in order to optimize the clean-up procedure. Seventeen toxic congeners of polychlorodibenzo-p-
dioxins (PCDDs) and polychlorodibenzofurans (PCDFs) were analyzed in eight samples in order to
assess the tolerable daily intake (TDI). The concentration of PCCDs/PCDFs in 8 samples based on
lipid weight were lower than method detection limit (MDL). The average daily intake for Vietnamese
peoples leaving in Hanoi in case consuming 300 mL milk per day was 0.08 pg/kg/day/person. Through
the level of daily intake was not regulated in Vietnam until now, however, comparison with the value of
TDI regulated by the World Heald Organization (4pg TEQ/kg body weight/day), the estimated mean
value of PCDDs/PCDF's daily intake for Vietnamese peoples leaving in Hanoi is much lower than that
value mentioned by WHO.
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1. PAT VAN PE hinh thanh mét cach khong chu dinh cta qua
Dioxin/Furan 12 nhom chat doc nhat trong 21 trinh d6t chay va trong qua trinh san xuit cong
nhém chit bi cAm hodc han ché sir dung theo nghi€p [7]. Trong d6 cac hop chit 2,3,7.8-
Cong ude Stockholm vé cac chit gay 6 nhiém Tetrachlorodibenzo-p-dioxin (2378-TCDD) va
hitu co kho phan hily do chiung giy 6 nhiém 2,3,7,8-tetrachlorodibenzofunran (2378-TCDF)
mdi trudng va thye pham [10]. Mt khac khi di c6 hé s6 d6 doc twong dwong (Toxic
vao co thé ngudi, nd cod thé anh huong toi hé Equivalent Factor-TEF) 16n nhét [11]. Cac
mién dich, gy ra cic bénh ung thu va nhiéu nghién ciru da chi ra ring con ngudi tiép xuc
bénh khac. Dioxin/Furans 14 nhitng chat dwgc v6i dioxin/furans chi yéu qua duong in udng
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(90%) thong qua thit, c4 va cac san pham khac
nhu sita [3]. Giéng nhu cac hop chét hitu co
chura clo khac, dioxin/furans thudong dugc tich
lily trong cac mo6 md cua dong vat, do vay
ching thuong xuit hién trong cic san pham
nhu thit, ca va sira.

Sira va cac san phim tir sita 1a nhimng thanh
phan déng vai trd quan trong trong cudc song
hang ngay cua con ngudi. Ham luong
dioxin/furan trong sita va cac san pham tir sita
rat nho nhung ddc tinh cua ching lai rét cao,
do d6 doi hoi mot phuong phap phan tich c6 dg
nhay, d¢ chon loc va ciing nhu dam bao tinh
chinh xac cao. Cic phuong phap phan tich
dugc tmg dung hién nay hau hét la phuong
phap sic ki khi ghép ndi khdi phd phan giai
cao [3,8,9]. Trong bai bao nay, chung toi
nghién ciru xdy dung quy trinh phan tich 17
ddng phan doc cua dioxin/furan trong cic mau
stta tuoi thu thap tai Hi Noi nhim budc dau
danh gia so bd ham lugng dioxin/furan trong
cac mau sira thu thap, qua do c6 thé ude luong
duoc liéu lugng hip thy cua dioxin/furan hang
ngay déi véi ngudi Viét Nam.

2. POI TUQNG VA PHUONG PHAP
NGHIEN CUU

2.1. Héa chit, thiét bi

Chat chudn. Bo chat chuan theo phuong phép
1613B — US EPA do hang Cerilliant
Corporation, Cambridge Isotope Laboratories,
Inc., My san xuit: cac dung dich dudng chuin
(1613 MCS1 =+ 1613 MCSS5); dung dich
chuan gdm 17 chét chuin (PAR); dung dich
chuén dong hanh (Labeled); dung dich chuin
lam sach (Clean-up) va dung dich ngi chuin
S).

Ttr dung dich chuin gbc, tién hanh pha lodng
thanh cac dung dich chuan lam viéc twong Gng
v6i loai chit chuan. Cac dung dich chuan lam
viéc dugc bao quan lanh

- Dung méi: n-hexan, aceton, toluen,
diclometan, d6 tinh khiét séc ki (GC grade).

- Cot lam sach silica gel da 16p, cOt than hoat
tinh (Supelco)

- Khi He: d9 tinh khiét tir 99,99% trg 1én.

Thiét bi.

- Thiét bi sic ky khi ghép ndi khdi phd phan
gidi cao HRGC/HRMS (DFS Thermo
scientific).
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- Thiét bi chiét nhanh E916, Buchi, Thuy Si.

- Thiét bi dong kho mau Eyela, Nhat ban.

2.2. Thu thip miu

T4am mau sita twoi dong hop da dugc thu thap
xung quanh dia ban thanh phé Ha Noi, ki hiéu
tor M1-MS.

Cac mau sira sau khi thu thap phai duoc bao
quan lanh (0-4°C) trudc khi tién hanh xur 1y va
phan tich theo dang yéu ciu cua quy trinh phan
tich.

2.3. Xir Iy miu

Xt i so bo: DSi voi cac mau sita tuoi, ching
t6i tién hanh qua trinh dong khé mau 1L mau
sita tuoi dong hop bang thiét bj Eyela nho
nhiét do va ap suat thap gitp loai bo hét thanh
phan nudc dén khi khéi luong khong ddi sau
d6 xac dinh ham 4m cla mau sira. Mau kho
duoc nghién min va déng nhét truge khi tién
hanh cac budc xir Iy tiép theo.

Quy trinh phan tich miu dua trén co so tham
khao tai liéu EPA 1613B va tai liéu tham khao
khac [4,6]. Mau sita kho duoc xur 1y theo quy
trinh trong hinh 1.
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2.4. T6i wu hoéa cac diéu kién lam sach

Céc mAu sita tién hanh khao sat déu dugce thém
chuan 50 pL dung dich chat chudn PAR ndng
d6 0,2-2 ng/mL va 50 pL chuan Labeled 2-4
ng/mL. Khdi lugng miu sira 1a 3g. Quy trinh
chiét va xac dinh chit béo bang thiét bi chiét
nhanh E916 theo quy trinh dé cép trong tai liéu
[6].

2.4.1. Khao sat lam sach trén ct silica gel.
Dich chiét duoc lam sach trén cot silica gel da
hoat hoa. Dung méi dugc chon rira giai 1a hon
hop hexan:diclometan (95:5,v/v). Qua trinh rira
giai chia lam 5 phan doan, mdi phan doan gom
25 mL hon hop va dugc chita trong 5 6ng
nghiém riéng biét (S1-S5). Lam kho cac dng
nghiém dudi dong khi nito, thém 50 pL dung
dich ndi chuén IS n6ng d% 2 ng/mL. Tiép tuc
thoi kho, thém 10 pL nonane va chuyén vao
ong dung mau thé tich nho (micro-vial) trudc
khi phén tich.

2.4.2. Khdo sdt lam sach trén cgt carbon hoat
tinh

Chia qué trinh rira gidi thanh 8 phan doan, mdi
phén doan 5 mL toluene (FO-F8) (cac budc
thdi kho twong ty nhu cot silica gel). Cac dich
chiét dugc ¢o vé 10 puL nonane va bom vao hé
HRGC-HRMS dé dinh luong.

2.4.3. Khao sdt qua trinh lam sach

Cot lam sach silica gel va cdt than hoat tinh
dugc ghép ndi v6i nhau. Thé tich cia cac dung
dich rua giai cho tung loai cdt da dugc lya
chon ¢ trén. Lap lai thi nghiém 5 lan.

2.5. Tach va xdc dinh cac hgp chit
dioxin/furan trén thiét bi sic khi khdi phd
phéan gidi cao (DFS Thermo)

Céac diéu kién tach dé xac dinh 17 hop chat
dioxin/furan trén thiét bi DFS nhu sau:

Cot tach TG-Dioxin
) (60m*0.25mmx0.25um)
Ché d6 bom Khéng chia dong
Thé tich bom 2+402uL
Nhiét d6 injector ~ 250°C
Khi mang Heli, d tinh khiét
99,999%
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140°C (gitr 2 phtt), tang
dén 228°C (40°C/phut),
sau d6 ting dén 290°C
(1,6°C/phut) va ting
5°C/phut cho dén 315°C
(gilt 9 phut). Thoi gian
phén tich 56,95 phut.

Chuong trinh
nhiét d6 cua 1o
cot

Thoi gian cat

n- 19 phut
dung méi
Quan sat phan ung chon
Ché do loc -SRM (Selective

Reaction Monitoring)

2.6. Uérc tinh liéu lwong hip thu hang ngay
Luong hép thu dioxin/furan hang ngay duoc
udc tinh vai ude tinh nguoi Viét Nam tai Ha
Noi tiéu thu 300 ml sita mdi ngdy (twong
duong 309 g) va trong lugng trung binh cua
nguodi Viét Nam khoang 51,5kg [2]. Gia tri ti€u
thu t6i da dwogc tinh theo phuong trinh duéi
day:

TDI (pg/kg/ngay)=309xLx[TEQ]/51,5
Trong do:
309 (g) 1a lugng sita tiéu thy hang ngay; 51,5
(kg) 1a trong luwgng trung binh
L 1a phan trim chit béo trung binh trong mau
stra (%)
[TEQ] la néng d6 TEQ PCDD/F trong sita
(pg/gbéo)
3. KET QUA VA BAN LUAN
3.1. Khdo sat 1am sach trén cot silica gel
D¢ thu hdi clia cac chat chuan dioxin/furan
dugc thé hién ¢ hinh 2. C6 thé thiy ring tai
phan doan dau tién (25 mL), hau hét cac chét
déu chua duoc rira giai, tai phan doan tha 2 ¢6
mot sd chit dugce rira gidi voi lugng kha 16n
nhu OCDF, 1234678 HpCDF,
123478 HxCDF, cac chét con lai chua xuét
hién hodc duogc rira giai & muc thép hon. Hiéu
suat thu hoi ctia cac chét ¢6 xu huéng ting din
va ting manh nhét tir phan doan 2 1én phan
doan 3, dén phan doan 4 tAt ca cac chat déu
duogc rira giai véi do thu hdi cao (66-118%).
Tir phan doan 5 higu suat thu hdi cac chét tang
khong dang ké so voi phan doan 4, vi vay dé
han ché viéc st dung dung méi hitu co nhu
hexan va DCM, chiing t6i st dung thé tich hdn
hop rtra giai la 100 mL.



Hinh 2. P thu hoi cac chdt chudn dioxin/furan

sau khi lam sach trén cot silica gel

3.2. Khdo sat 1am sach trén cgt carbon hoat
tinh

Hinh 3. Bé thu hoi cac chat chuan dioxin/furan
sau khi lam sach trén cot carbon hoat tinh

Céc chat chuan dioxin/furan chua dugc ria
giai sau 3 phan doan dau tién cta qua trinh rira
giai (15 mL toluen). Ttur phan doan F2-F4 d¢
thu hoi ciia cac chat c6 xu hudng ting manh va
dat tir 58-108%. Tur cac phan doan tiép theo,
d6 thu hdi cac chat co xu hudng ting nhe va
khong doi, riéng OCDD va OCCF van tiép tuc
tang va dat khoang hiéu suit cao nhit tai phan
doan F8 (82% va 96%). Vi vay dé dam bao kha
nang rira giai tit ca cac chét dat higu suét cao,
chiing t6i sir dung 40 mL toluen dé tién hanh
qua trinh rura giai cft carbon hoat tinh.

3.3. Khdo sat qua trinh lam sach

Hiéu sudt thu hdi cua cac chit chuén d@)ng vi
C13 (hinh 4) nim trong khoang tir 61,0% dén
100% v6i cac gia trj RSD déu nho hon 15%.
Céc gi tri hiéu sut thu hoi thu duoc hoan toan
dap tUng yéu cau phan tich luong vét
dioxin/furan trong mau sita (gia tri tham khao
theo US EPA 1613B 1a 20-180%).
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Hinh 4. Hiéu sudt thu hoi (H) va do léch chudn
twong doi (RSD) ciia cdc chdt chudn dong vi
3.4. Danh gia phwong phap
Phuong trinh duong chuin cua 17 chét
PCDD/Fs cso dotuyén tinh cao voi hé sb twong
quan R2 nam trong khoang tir 0,99978 dén
1,00000. Gia tri gidi han phat hién (MDL) va
gi61 han dinh lugng (MQL) cta phuong phap
dao dong twong mg trong khoang tir 0,15 dén
2,03 pg/g chét béo va 0,49 pg/g dén 6,78 pg/g
chat béo phu hop véi phan tich luong vét
dioxin/furan trong mau sita tai Viét Nam va
trén thé gioi [1,5].
3.5. Két qua phén tich miu thyc
Céc gia tri ham am clia miu sira 1ong va ham
luong chit béo cb trong cac mau sita sau khi
dong kho duoc xac dinh trude khi tién hanh
phan tich ham lugng cac ddng phéan
dioxin/furan. Céc gia tri nay dugc trinh bay
trong bang 1 dudi day.
Bdng 1: Ham dm va ham hegng chat béo trong

mau sita

x 2 Ham luong chat
Mau Ham am (%) béo (%)
Ml 88% 22,1
M2 88% 21,7
M3 88% 16,9
M4 88% 17,3
M5 85% 14,9
M6 87% 16,1
M7 88% 20,9
M8 88% 19,8

Ham lugng cac dong phan dioxin/furan (Bang
2) déu khong phét hién dugc trong 08 miu tién
hanh phén tich (nhdé hon gidi han phat hién cia
céc chét). Két qua phan tich cac mau sira trong
nghién ctru nay cho thay tong ham lugng ctia




dioxin/furans trong mau sira tinh theo do doc
tuong duwong (TEQ=0,39 pg/g chit béo, tinh
theo gia trj %4 MDL) déu nhé hon ham lugng

t6i da cho phép theo quy dinh ciia WHO (TEQ
=2,5pg/g chit béo trong sira).

Bdng 2. Ham lwong ciia cdc hop chat dioxin/furan trong mdu sita (pg/g chdt béo)

(cdc gid tri duéi giGi han phat hién dwoe biéu thi <MDL)

TT Hop chat M1 M2 M3 M4 M5 Mé6 M7 M8
2 -

1 3,78 . L <0,07 | <0,07 | <0,07 | <0,07 | <0,07 | <0,07 | <0,07 | <0,07
Tetrachlorodibenzodioxin
1,2,3,7,8-

2 . L <0,31 | <0,31 | <0,31 | <0,31 | <0,31 | <0,31 | <0,31 | <0,31
Pentachlorodibenzo-p-dioxin
1,2,3,4,7,8-

3 . L. <0,37 | <0,37 | <0,37 | <0,37 | <0,37 | <0,37 | <0,37 | <0,37
Hexachlorodibenzo-p-dioxin
1,2,3,6,7,8-

4 . L <0,40 | <0,40 | <0,40 | <0,40 | <0,40 | <0,40 | <0,40 | <0,40
Hexachlorodibenzo-p-dioxin
1,2,3,7,8,9-

5 . .. <0,44 | <0,44 | <0,44 | <0,44 | <0,44 | <0,44 | <0,44 | <0,44
Hexachlorodibenzo-p-dioxin
1,2,3,4,6,7,8-

6 . L <0,14 | <0,14 | <0,14 | <0,14 | <0,14 | <0,14 | <0,14 | <0,14
Heptachlorodibenzo-p-dioxin

7 | Octachlorodibenzo-p-dioxin <0,85 | <0,85 | <0,85 | <0,85 | <0,85 | <0,85 | <0,85 | <0,85
2,3,7,8-

8 . <0,07 | <0,07 | <0,07 | <0,07 | <0,07 | <0,07 | <0,07 | <0,07
Tetrachlorodibenzofuran

9 1,2,3,7,8- <0,35 | <0,35 | <0,35 | <0,35 | <0,35 | <0,35 | <0,35 | <0,35
Pentachlorodibenzofuran ’ ’ ’ ’ ’ ’ ’ ’
2,3,4,7,8-

10 . <0,38 | <0,38 | <0,38 | <0,38 | <0,38 | <0,38 | <0,38 | <0,38
Pentachlorodibenzofuran

11 1’2’3’4’7’8_, <0,43 | <0,43 | <0,43 | <0,43 | <0,43 | <0,43 | <0,43 | <0,43
Hexachlorodibenzofuran
1,2,3,6,7,8-

12 23,67, . <0,39 | <0,39 | <0,39 | <0,39 | <0,39 | <0,39 | <0,39 | <0,39
Hexachlorodibenzofuran

13 2’3’4’6’7’8_, <0,26 | <0,26 | <0,26 | <0,26 | <0,26 | <0,26 | <0,26 | <0,26
Hexachlorodibenzofuran
1,2,3,7,8,9-

14 . <0,39 | <0,39 | <0,39 | <0,39 | <0,39 | <0,39 | <0,39 | <0,39
Hexachlorodibenzofuran
1,2,3,4,6,7,8-

15 . <0,21 | <0,21 | <0,21 | <0,21 | <0,21 | <0,21 | <0,21 | <0,21
Heptachlorodibenzofuran
1,2,3,4,7,8,9-

16 | 77T <024 | <0,24 | <0,24 | <0,24 | <0,24 | <0,24 | <0,24 | <0,24
Heptachlorodibenzofuran

17 | Octachlorodibenzofuran <0,85 | <0,85 | <0,85 | <0,85 | <0,85 | <0,85 | <0,85 | <0,85
TE /g chat bé

Q (pg/g chat béo 039 | 039 | 039 | 039 | 039 | 039 | 039 | 039

=1/2MDL)
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Hinh 5. Sdc d6 cia 2,3,7,8-TCDD va cht
chudn déng hanh trong mau sita

3.6. Uérc tinh liéu lwong hip thu hang ngay
Két qua phén tich ¢ trén cho thdy rang tong
ham lugng cua dioxin/furans trong mau sira
trung binh TEQ = 0,39 pg/g tinh theo ham
lugng béo. Tir phuong trinh tinh lidu hip thu
hang ngdy (muc 2.6) ta c6 thé tinh toan dugc
lidu lugng hap thu trung binh hang ngay ciia
nguoi dan 1a 0,08 pg/kg/ngay. Mac du Viét
Nam chua c6 quy dinh lidu t6i da hang ngay
cho phép véi sita tuoi di voi ngudi dan. Tuy
nhién, liéu lwong hép thu trung binh cua
dioxin/furan di voi ngudi Viét Nam sinh song
tai Ha Noi van nho hon giéi han cho phép cua
T4 chic y té thé gisi (4pg/ngudi/ngay).
4. KET LUAN
Trong nghién ctru nay, ching t6i dd danh gia
quy trinh phan tich dé x4c dinh 17 dong phan
dioxin/furan trong miu sira tuoi dong hop bang
phuong phép sic ki khi ghép ndi khéi phd
phan giai cao (HRGC/HRMS) Hiéu suat thu
hoi cua cic chat chuan dong chuén dong vi
C13 nam trong khoang tir 61,0% dén 100%.
Hé s6 hdi quy tuyén tinh 1a 1,00000 > R >
0.99978 dbi voi hau hét cac chat, giéi han phat
hién cta phuwong phap nim trong khoang 0,15
dén 2,03 pg/g chit béo khing dinh rang
phuong phap phan tich ¢6 thé ap dung cho viée
xac dinh cac hop chit dioxin/furan trong mau
sita. Quy trinh phan tich da dugc ap dung dé
xac dinh ham lugng 17 déng phan dioxin/furan
trong mot s6 mau sira twoi dong hop dugce thu
thap tai thanh phd Ha Noi va két qua déu nho
hon giéi han cho phép vé ham luong t6i da
trong sira cua WHO.
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