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SUMMARY

ASSESSMENT OF DIOXIN ANALYSIS IN WATER SAMPLE BY GAS
SPECTROMETER-TRIPLE QUADRUPOLE MASS SPECTROMETER GC-MS/MS

Polychlorinated dibenzodioxins (PCDD) and Polychlorinated dibenzofurans (PCDF) are two groups of
toxic substances that belong to the group of persistent organic substances (POP) that are received
considerable attention and various analytical methods for determination of PCDD/Fs have been
developed. Analytical method using gas chromatography and high-resolution mass spectrometry (GC-
HRMS) system with high resolution and excellent sensitivity has long been considered as a standard
method for dioxins analysis. Simultaneously, the triple quadrupole gas chromatography-mass
spectrometry system (GC-MS/MS) with sensitivity equal to GC-HRMS and reduced operating and
maintenance costs, is being actively researched and developed for dioxin analysis as an alternative to
GC-HRMS. This paper reports the operating conditions and the results of dioxin analysis in the water
sample on the GC-MS/MS system, and direct comparison with the results obtained from GC-HRMS. Both
equipments demonstrated a good consistency in sensitivity and results of concentrations in water
samples, but the GC-MS/MS system showed superior Signal-to-Noise signal compared to GC-HRMS.
GC-MS/MS showed good repeatability and reproducibility and met the requirements of dioxin analysis
method, comparable to GC-HRMS. With the advantage of low initial cost and much lower operating and
maintenance costs than GC-HRMS, GC-MS/MS proved to be a potential method for analyzing dioxins in
water samples
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1. PAT VAN BPE chét trén dugc phat sinh ngoai y mudn thong qua
Policlodibenzo-para-dioxin va  Policlodibenzofuran cac qué trinh san xudt hoa hoc va hau hét cac
(PCDD/PCDF) 13 2 nhém chét doc dong thoi qua trinh d6t chay, c6 dic tinh bén virmg hoa hoc
thuoc nhom cac chéat hitu co khd phan huy cao, kha ning phat tan va luu trii trong moi
(POP) duoc biét dén rong rai tir lau va da dugc truong khi va nudc véi nong do cd siéu vét
dua vao cong udc Stockholm nam 2001 [1] va (ppt=ppb) [3]. Tir ndm 1994, phuong phap s
dd dugc Thu tuéng Chinh phu Viét Nam ban dung thiét bi sic khi khdi phd phan giai cao
hanh quyét dinh s6 1598/QD-TTg [2] thuc hién (GC-HRMS) di duoc Cuc bao vé Mbi truong
Ké hoach Qudc gia dya trén cong udc dén nim Hoa Ky (US EPA) ban hanh thanh cac tiéu
2025, tim nhin dén 2030 nham han ché va tién chuan quéc té nhu US EPA 1613B [4]. Phuong
t6i loai bo cac chdt POP & Viét Nam. Hai nhom phap GC-HRMS dam bao do chinh xac cao va
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d6 nhay wu viét, nhung chi phi dau tu ban dau
16n, phi duy tri thiét bi cao cling su yéu cau chit
ch& vé k§ thuét 1a nhitng tro ngai d6i véi viéc ap
dung rong rai cuia phuong phap.

Bén canh véi su phd bién cia GC-HRMS, hé
thong sic ky khi khbi phd 3 tir cuc (GC-
MS/MS) dang dugc cac t6 chirc quéc t& quan
tAm va nghién ciru nhitng nim gan ddy. Véi uu
diém 1a d6 nhay cting d6 phén giai cao, kha ning
tach cac déng loai dioxin/furan tdt, dic biét la ti
1 tin hiéu/nhidu nén (Signal to Noise (S/N)) uu
viét va ndi bat 1a chi phi dau tu ciing chi phi van
hanh hop ly, GC-MS/MS cang tré nén tin cay
va dang dugc nghién clru, st dung trong quy
trinh phan tich cac chét hoa hoc néi chung va
dioxin/furan néi riéng trén pham vi toan cau. Tir
nam 2014, di c6 cac quy chudn Chau Au (No.
709/2014 [5] va 589/2014 [6]) dugc ban hanh
nhim kiém soat ndng do dioxin/furan va cac
chat Polychlorinated-biphenyls tuong tu dioxin
(dI-PCB) trong thyc pham va thirc n chan nubi
bang phuong phap phan tich sir dung GC-
HRMS va cho phép phan tich trén thiét bi GC-
MS/MS lam phuong phap khang dinh. Téi nim
2017, cac quy chudn méi ciia EU (No. 2017/644
[7] va 2017/771 [8]) da chinh thirc cong nhan
phuong phap GC-MS/MS trong phéan tich
dioxin/furan thyc pham va thirc in chin nudi.
Gan day nhét, vao nam 2021, phwong phap phan
tich dioxin/furan trong mau nudc thai bang thiét bi
GC-MS/MS (SGS AXYS Method ATM 16130)
da duoc trinh 1én US EPA va dang duoc kiém
nghiém, nghién ctru nham 4p dung tai Hoa Ky
song song véi nhitng phuong phap phén tich
dioxin/furan khac da duoc ap dung chinh thirc tir
lau. Diéu nay cho thay tinh kha thi ciia viéc ap
dung GC-MS/MS trong phan tich dioxin/furan
nham thay thé hogc 4p dung song song vé6i phuong
phép GC-HRMS ngay cang cao.

2. POI TUQONG VA PHUONG PHAP
NGHIEN CUU

2.1. Péi twong

D6i tuong nghién ctu: 17 dong phan doc
dioxin/furan trong nén mau nudc.

2.2. Phuong phap nghién ctru

17 ddng phan doc dioxin/furan trong pha nudc
duoc tach chiét, 1am sach va lam giau trong
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phong thi nghiém bing phuong phap tuong tu
US EPA method 1613B. Dung dich cudi cua
qué trinh trén dwoc phan tich trén thiét b séc ky
khi khdi phd 3 tir cuc GC-MS/MS (Thermo
TSQ 8000 Evo). Két qua sau phan tich duoc dbi
chiéu véi két qua phén tich cling mAu trén thiét bi sac
ky khdi phd phan giai cao GC-HRMS (Thermo
DFS).

2.3. Phwong phap tach chiét, 1am sach, 1am
gidu miu

MaAu nudce dugce tach chiét, lam sach va lam giau
tai phong thi nghiém theo phuong phap tuong
ty Method 1613B [4]. Mau phan tich duoc phan
tich bang phuong phap pha lodng dong vi
(Isotope Dilution) bang cac chét chuén cua hing
Cambridge Isotope Laboratories (CIL), My bao
gdm: bo chét chuin dung dé xay dung dudng
chuén, chat chuin noi, chit chuan lam sach va
chat chuén x4c dinh hiéu suét thu hoi.

Mau nuée nghién ciru (V=3L) dugc cho thém chat
chudn néi (EDF-8999) chira ddng vi B3C cua
dioxin/furan v tach chiét theo phuong phép chiét
long — long bang cach cho thém diclomethan
(CH2CL), két hop sir dung may khudy dong thé.
Tién hanh thu 14y 16p ling CH>Cl bang phéu thu
va bd dung Na>SOs khan dé loai bo nudc. Tién
hanh quay dubi dung méi thu dugc bang cach sir
dung may cét ¢ quay (Buchi) dé loai bo dung méi
CH:Cl> va b sung n-hexan.

Tiép tuc lam sach mau bang cic dung dich axit
H2S04 96%, mudi NaCl 5%, bazo KOH 20% va
danh gi4 bang cach thém lugng chuan lam sach
(EDF-6999) chira chuan 3’Cl. Dung méi thu
duogc sau khi lam sach dugc cho qua cot “da
16p” chira mudi, silica gel tim axit H2SO4 va
tam kiém KOH. Dung dich thu dugc sau khi [am
sach duoc tach dioxin/furan trén c6t oxit nhom
ALO;. Chét hip phu trong cot oxit nhom duoc
rira giai bang 2 1an theo thtr tu: n-hexan, hdn hop
n-hexan:diclometan (95:5) va thu 1y phan doan
PCDD/PCDF bang n-hexan:diclometan (1:1).
Dung dich thu dugc sau khi giai hap cot oxit
nhdm duoc tiép tuc lam sach bang cach cho mau
qua cot than AX-21 st dung khi N2 sach va rua
giai dioxin/furan bang toluene & nhiét d 110°C.
Tién hanh c6 dudi dung mdi, bo sung chuan thu
hdi (EDF-5999) va lam bay hoi tir tir bang khi



N2 sach. Lugong dung dich cudi cung duogc
chuyén sang vial thich hop dé phan tich trén
thiét bi.

2.4. Piéu kién vin hanh thiét bi phan tich
dioxin/furan

Thiét bi sic ky khi khéi phd 3 t& cuc GC-
MS/MS Thermo TSQ 8000 Evo dugc st dung
trong nghién ctru nay. Thé tich mau phan tich
khi bom 1a 2 pL, nhiét d6 cta Injector la 290°C.
Nhiét d6 ban dau cia 16 1a 150°C giit trong 2
phut, gia nhiét 20°C/phiit cho to1 220°C va giir
trong 16 phut; gia nhiét 5°C/phit cho toi 320°C
va giir trong 10 phit. Tong thoi gian phén tich
la 51,5 phut. Nhiét d6 ctua lon Source (ché do
El) va Transfer line dugc thiét lap lan luot 1a
290°C va 300°C. Thiét bi sir dung khi mang la
Heli (He) v6i toc do ¢ dinh 1a Iml/phut va khi
ban pha 1a Argon (Ar). Thiét bi MS/MS sir dung
ché 46 SRM (Selected Reaction Monitoring —
Giam sat phan ung da chon), voi thoi gian luu
va nang lugng ban pha phii hgp cho 17 dong
phan doc cta dioxin/furan, véi mdi dong phan
dugc phan tich va nhan dién thong qua manh me
(precursor mass) va manh con (product mass).
Phép phén tich d6i chimg dugc thuc hién bing
céch so sanh két qua phan tich cing mau trén

thiét bi sic ky khéi phd phan giai cao GC-
HRMS (Thermo DFS).

3. KET QUA VA BAN LUAN

3.1. Kha ning phin tich dioxin/furan trong
miu nu6e bang thiét bi GC-MS/MS

Kha ning phan tich dioxin/furan trén thiét b
GC-MS/MS dugc danh gia dya trén nhitng tiéu
chi xac dinh kha nang phan tich dioxin/furan
trén thiét bi GC-HRMS theo nhu phwong phap
US EPA Method 1613B. Céc tiéu chi bao gdm:
Thoi gian luu twong d6i (RRT — dugc dinh
nghia bang ti s6 cua thoi gian chat '2C so véi
dong vi 1*C twong ting trong chat chudn) cia cac
chat phan tich '2C phai trong khoang cho phép
so voi chit chuin danh déu '3C cua chat chuan
ndi tuong tng, chat chuin thay thé hodc chit
chuén twong duong; d6 xen phu gitra 2,3,7,8-
TCDD va cic dong phan tetra-dioxin khéc
khéong dugc vuot qua 25%. Pudng chudn phén
tich 17 déng phan doc duoc lap béng cach phan
tich 8 diém, tir CS 0.1 — CS 5 (bd chit chuin
dung dé xay dung duong chuan EDF-9999) va
dap g yéu cau vé do tuyén tinh R?> 0.9995,
hé s6 bién thién RSD < 15%, d6 nhiéu S/N cua
cac chat phan tich 'C tai diém chuan CS 1> 10.
Két qua phan tich chat chudn dudng chuan tai
diém nho nhit dugc trinh bay tai Bang 1.

Bang 1. Két qud phan tich dioxin/furan tai diém chudn CS 0.1

RSD (%) R? RRT Signal/Noise
2,3,7,8-TCDF 0,802 0,999987 1,0004 633
1,2,3,7,8-PeCDF 1,864 0,999929 1,0002 2720
2,3,4,7,8-PeCDF 1,083 0,999975 1,0002 2974
1,2,3,4,7,8-HXCDF 0,912 0,999983 1,0001 2186
1,2,3,6,7,8-HXCDF 1,785 0,999935 1,0003 1969
1,2,3,7,8,9-HXCDF 1,473 0,999956 1,0003 2168
2,3,4,6,7,8-HXCDF 0,545 0,999994 1,0001 1858
1,2,3,4,6,7,8-HpCDF 0,503 0,999995 1,0001 1926
1,2,3,4,7,8,9-HpCDF 0,523 0,999994 1,0001 1474
OCDF 2,175 0,999989 1,0083 1284
2,3,7,8-TCDD 2,146 0,999903 1,0002 383
1,2,3,7,8-PeCDD 3278 0,999717 1,0006 1979
1,2,3,4,7,8-HxCDD 0,258 0,999999 1,0002 1397
1,2,3,6,7,8-HxCDD 2.838 0,999829 1,0002 1471
1,2,3,7,8,9-HxCDD 0,611 0,999992 1,0000 1577
1,2,3,4,7,8,9-HpCDD 0,913 0,999983 1,0001 1199
OCDD 0,424 0,999996 1,0002 1190
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Két qua phan tich thé hién tai Bang 1 cho thiy
kha nang phan tich dioxin/furan ciia thiét bi GC-
MS/MS la rét t6t véi tat cac chi s6 déu dap tng
tiéu chi dé ra cua phuong phap phan tich US
EPA 1613B. Hé s thoi gian luu twong ddi
(RRT) nam trong khoang cho phép dé ra trong
phuong phap, gia tri hé s6 bién thién RSD tai
diém chuan CS 0.1 déu < 4% va hé s6 tuyén tinh
R% > 0,9995 voi tit ca 17 dong phan doc
dioxin/furan cho théy thiét bi GC-MS/MS hoan
toan c6 kha nang phan tich twong duong véi
thiét bi phan giai cao GC-HRMS. Ngoai ra, hiéu
sudt thu hdi ciia 17 dong phan '2C va dong vi
3C coa dioxin/furan trong cac chat chuan
(chuén ndi, chudn lam sach, chuin danh gi4 hiéu
sudt thu hoi) cua 8 diém chuén CS 0.1 — CS 5
déu & mirc tir 80 dén 120% (s6 liéu khong duoc
liét ké trong bai bao nay) va nam trong khoang
cho phép cua phuong phap 1613B (tir 20-180%)
[4] va tuong dong véi két qua thu dugc trong
mdt nghién ctiu khac [8]. Theo phuong phap
1613B, LOQ cua phuong phap khong thap hon
ndng d6 cac chét trong dung dich c6 ndng do
thép nhat ciia dudong chuan véi ti 1¢ S/N > 10.
Véi ti 1& S/N khi phan tich dung dich thip nhat
ctia duong chuan bang GC-MS/MS tbng hop
trong Bang 1, c6 thé thay tin hiéu thu dugc tir
cac pic cua 17 ddéng phan doc '2C cua
dioxin/furan trén GC-MS/MS déu & mtc cao,
thé hién do nhay va tinh chon loc cta thiét bi.
3.2. Két qua phan tich d6i chirng
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Trong chuong trinh phan tich miu lién két
chudn nén mau nude nam 2020 giita cac phong
thi nghiém qudc té (InterCinD) cua LabService
Analytica, phong phén tich Dioxin, Phan vién
Hoa — Mbi truong véi mé sé Lab 218 dat diém
Z score rat tot theo bao cdo tong két. Két qua
phan tich mau lién Kkét quéc té dugc thuc hién
trén thiét bi sic ky khi kh6i phd phan giai cao
ctia hang Thermo model DFS. Do dé, két qua
phan tich nay duoc sir dung dé danh gia kha
ning phan tich dioxin/furan trén thiét bi GC-
MS/MS. Két qua phan tich ddi ching duoc thé
hién trong Hinh 1 va Bang 2.

Két qua phan tich mau nuéc B & Hinh 1 cho thiy
thiét bi GC-MS/MS thé hién tét hon trong kha
nang phat hién va phén tich nhitng dong phén co
nong do thap, tuy nhién do nhay kém hon so véi
thiét bi GC-HRMS, diéu nay tuong ddng véi
qua trinh phan tich mau nudc A. Dbi voi dong
phan c6 ndng do tir cao tGi rét cao, 2 thiét bi cho
ra két qua tuong dong, dién hinh nhu cac dong
phan OCDF (~120 pg/L), 1,2,3,4,5,6-HxCDF
(~20 pg/L) va 1,2,3,4,5,6,7-HpCDF (~70 pg/L).
Déi voi déng phan c6 hé s6 doc cao nhu TCDD,
ddng thoi 1a dong phan doc cua dioxin duoc
quan tam nhiéu nhat, thiét bi GC-MS/MS van
c6 kha nang phat hién (~0,25 pg/L), chung minh
réng thiét bi co thé duoc su dung nhu moét
phuong phap nhdm khang dinh dau vét cuia cac
dong phan doc nay.

Hinh 1. So sanh kha nang phdn tich mau nuéc (mau B)

22



Bdng 2. So sanh két qua phan tich doi chirng (mdu A)

Al A2 A3 Lab 218 RSD Z Score (Lab
2,3,7,8-TCDF 0,74 0,28 2,86 1,772 1,15 -0,38
1,2,3,7,8-PeCDF 3,93 3,14 ND 2,757 1,68 -0,26
2,3,4,7,8-PeCDF 4,12 0,34 0,48 1,864 1,75 -0,71
1,2,3,4,7,8- 20,91 22,64 2,55 14,412 9,10 0,00
1,2,3,6,7,8- 6,69 6,78 0,74 6,183 2,92 -0,17
1,2,3,7,8,9- ND ND ND 3,748 N/A 0,39
2,3,4,6,7,8- 3,68 1,57 5,75 3,112 1,73 -0,49
1,2,3,4,6,7,8- 105,91 71,13 53,32 61,907 23,07 0,20
1,2,3,4,7,8,9- 3,33 11,32 7,39 11,421 3,85 -0,02
OCDF 116,28 104,84 116,46 129,241 9,97 0,08
2,3,7,8-TCDD ND ND ND 0,585 N/A 1,58
1,2,3,7,8-PeCDD ND ND ND 0,4 N/A -0,57
1,2,3,4,7,8- ND ND ND 0,561 N/A -0,77
1,2,3,6,7,8- ND ND ND 0,508 N/A -0,55
1,2,3,7,8,9- ND ND ND 0,34 N/A -0,91
1,2,3,4,7,8,9- 9,42 3,53 ND 7,794 3,04 0,12
OCDD 30,81 47,16 33,69 34,927 7,22 0,32

Trong 3 lan phan tich lip lai miu nudc, ky hi¢u
1a A1, A2 va A3, két qua phan tich trén thiét bi
GC-MS/MS thé hién trong Bang 2 cho thay do
lap tot véi ti 1 d6 1éch chudn RSD thip (<20%),
ca biét co déng phén 1,2.3,4,6,7,8-HpCDF co ti
16 RSD vuot mirc (23,07%) vi trong 1an phan
tich du tién cho ra két qua cao (105,91 pg/L)
nhung 2 14n phan tich tiép theo cho ra két qua
tuong dong véi két qua thu dugc trén thiét bi
phan gidi cao. Cac ddng phan TCDD va
HxCDD c6 ndng d6 thap (<0,6 pg/L) nén thiét
bi GC-MS/MS khéng thé phan tich mot cach
chinh xéc, thé hién d6 nhay cua thiét bj kém hon
so v6i Thermo DFS. V6i diém Z score thip cua
Lab 218, cong v6i két qua phan tich thu duoc
khi phan tich tai 1ap 3 lan, c6 thé thiy két qua
thu duoc khi phan tich mau trén thiét bi GC-
MS/MS gan sat voi két qua qudc té da duoc
cong bd cia LabService Analytica dbi véi
nhitng ddng phan PCDD/PCDF c¢6 ndng do tir
trung binh tdi cao. Qua do, c6 thé tin tuong dé
sir dung GC-MS/MS nham phan tich song song
voi thiét bi phan gidi cao GC-HRMS, hoic st
dung 1am phwong phap khing dinh sy c6 mat
ctia PCDD/PCDF trong mau can phén tich.

4. KET LUAN
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- Kha ning phan tich mau cua thiét bi GC-
MS/MS hoan toan dap tng nhing yéu cau cua
mot phuong phéap phan tich dua trén nhiing tiéu
chi caa phuong phap US EPA 1613B, bao gdm
hé sb bién thién RSD thap (<15%), hé s6 twong
quan R2>0.9995 va hiéu suét thu hdi cua cac
chat chuan danh déu "*C cua 17 ddng loai déu
nam trong khoang cho phép cua phuong phap
(20~180%) [4].

- Két qua phén tich d6i chimg thu cho thay sy
tuong dong vé kha ning phén tich giira thiét b
GC-MS/MS va thiét bi phan giai cao DFS khi
phan tich mau nudc c6 n@)ng d0 cao, vdi do 1éch
chuin cua hiu hét cac ddng loai déu nhé hon
20%, thiy tich
dioxoin/furan trong mau nudc cua thiét bi GC-
MS/MS la rét tbt, tinh chon loc cao. Tuy nhién,
thiét bi DFS thé hién d6 nhay vuot troi khi phan
tich mau nudc c6 nong do dioxin/furan tir thap

cho tiém nang phan

tGi rat thap.

- C6 thé str dung thiét bi GC-MS/MS nham thay
thé cho thiét bi phan giai cao GC-HRMS dé
phan tich nhimg miu nuéc c6 nong do
dioxin/furan tir trung binh t&i cao, giup mang lai
hiéu qua kinh té khi phan tich. P6i véi mau
nudce co néng d0 dioxin/furan thép, thiét bi GC-



MS/MS ¢6 thé str dung nhiam khing dinh du
vét sy ¢6 mit cia PCDD/F trong mau phan tich.
Lo&i cam on: Bai bao nay duoc thuc hién khuén
khé dé tai “Xay dung quy trinh phan tich va xac
dinh ndng do dioxin/furan trong mau nudc bang
thiét bi sic ky khi khdi phd 3 tuc cuc GC-
MS/MS” duogc thuc hién tai Phan vién Hoa —
Moi truong, Trung tam Nhiét doi Viét — Nga.
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