KHOA HOC CONG NGHE

SO SANH HIEU NANG TACH CAC HQP CHAT POLYBROMINATED DIPHENYL
ETHER (PBDE) TRONG CAC COT SAC KY KHI DB-5MS BANG GC-MS
V6 Thuy Vi
Trweong Dai hoc Cong nghiép Thuee pham Tp. HCM
Ngay guri bai: 19/6/2015 Ngay chap nhin ding: 22/6/2015
TOM TAT
Polybrominated diphenyl eter (PBDE) la c4c hop chat chéng chay duoc thém vao cac san pham pham tiéu ding
nhu nhua, vai soi, thiét bi dién tir va dd ndi that. Cac hop chit PBDE ¢6 phan tir lwong 1dn, nhiét d6 so1 cao s& hép
thu nhanh vao bé mit thuy tinh va dé bi phén huy, do do xac dinh nonaBDE va DecaBDE la van dé khong dé dang.
Muc tiéu cua bai la phat trién phuong phap phan tich PBDE bang GC-MS cho do nhay va do chinh xac cao. Hon hop
26 chat chéng chay duoc tach hoan toan nho vao cot DB-5MS (5 m x 0,25 mm x 0,25 um) trong 14,4 phut véi toc
do dong 1,5 mL/phut, st dung k¥ thuét tiém khong chia dong. Két qua phan tich cho thiy phuong phép cho do nhay
cao v6i gioi han phat hién thap vai ug/L trong khi cac phuwong phép timg c6 1a vai traim pg/L (LOD cua bai tir 0,97
ng/l - 6,31 pg/l).
Tir khoa: PBDE, chat chéng chay, DecaBDE, GC-MS
Polybrominated diphenyl ethers (PBDEs) are flame retardants added in consumer goods, such as: plastic, fiber,
electronic devices and interior goods. High boiled temperature and high molecular weight are their specific
properties, so they can be absorbed on glass surface quickly and decomposed easily. Therefore, determinations of
NonaBDE and DecaBDE are not easy. This study focused on analyzing PBDEs by using GC-MS with high
sensitivity and precision. The mixture of PBDE standards was clearly separated by utilization of column DB-5MS

(5m x 0.25 mm x 0.25 pm) in 14.4 minutes with flow rate of 1.5 mL/min and splitless mode. The analyzed results
showed that this method had high sensitivity and low limit of detection, a few pg/L (LOD =0.39 pg/l. — 6.31 pg/L).
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1. GIOI THIEU"™

Polybrominated diphenyl ethers duoc viét tat |a PBDEs la nhém nhiing hop chat hitu co chira
brom trong ciu triic phan ti. C6 209 chat chéng chay phan thanh 10 nhém tir mono dén deca-
BDE voi cong thirc phan tir chung la CI2H10-mBrmO (m =1, 2, ..., 10 = x+y). Chung duoc hé
théng hoa bang cach ky hiéu sé theo quy dinh cua Hiép Hoi qudc té vé hoa tng dung
(International Union of Pure and Applied Chemistry, IUPAC). PBDEs duoc st dung tr ndm
1960. Pay la cac hop chat duoc tong hop lam phu gia chong bat laa va chay trong cac san pham
gia dung. Lién két carbon-brom yéu, kém bén nhiét. Do do duéi tac dung nhiét, PBDEs bi phan
huy tao cac gdc Br co tac dung ngan chin cac gbe tu do carbon, OH, H - nhiing yéu t6 giy chay,
dong thoi giup giam nhiét d6 va tao ra carbon monoxide.

Bry Bry,

Hinh 1: Cong thirc cau tao ciia mét s6 hop chat PBDEs

Doc tinh PBDEs chua duoc biét nhiéu, nhung ciing tuong tu PCBs, né anh hudéng khéi u,
anh hudng hé than kinh va gay mét thing bang trong tao hormone. Tré em va nguoi tré tudi dé bi
roi loan chtc nang phat trién khi phoi nhiém PBDE. Mot nghién ctru ¢ chudt cho thay nhiém
tetra-hodc penta-BDE sau muoi ngay s& anh huong dén hoc tap va tri nho, va c6 anh hudng lau
dai té1 hanh vi.
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PBDEs la moi quan tim cho mdi truong béi tinh 4i dau, d6 bén lau va kho phan hity. Chung
duoc tim thay trong ca, dat, tram tich, dong vat, cac loai song dudi bién va tir rac thai gia dung
nhu giuong, man dém, d6 dién tir... Con nguoi thuong dé dang bi phoi nhiém cac hop chat
PBDE qua duong h6 hap do hit thd bui co PBDEs giy anh huong khong tot dén suc khoe. Theo
quy dinh ciia RoHS ham lugng PBDEs c6 trong mot s6 san pham dién, dién tir va vat dung gia
dinh khong duoc qua 0,1% cho thay tam anh hudong PBDEs rat 1on, va viéc tim ra quy trinh phan
tich nhanh, chinh xac va xac dinh duoc toan bo PBDEs la rat can thiét.

Do d6 xac dinh PBDEs la viéc rat can thiét, tuy nhién cac hop chat PBDEs co6 phan tir 16n
nhu decaBDE (MW= 959,1 g/mol) lai dé bi phan hity, kho phan tich bang cot sac ky thuong. Bai
bao nay sé€ khao sat hiéu nang tach cia cac ct DB-5SMS voi chiéu dai c¢ot khac nhau nham tang
do nhay trong phan tich PBDEs.

2. THU'C NGHIEM
2.1. Hoa chit - Thiét bi

- Day dung dich chuan PBDE ndng d6 tir CS1-CS5 (99%) pha trong nonan (USA)
- Khi Helium (d¢ tinh khiét 99,9999%).
- May GC/MS Agilent 6890N GC/5975B MSD két hop bo 1dy mau tu dong 7683B

Nhom 2: 400 — 660 amu, tur
phut tht 8,8 Nhom 3: 550 —
1000 amu, tir phut thr 10,4

2.2. Khaio sit cac anh hwong cia chiéu dai cot dén hiéu niing tich
Bing 1. Cac thong s6 van hanh may
Chuong trinh
phan tich ! 2 3

Cot sic ky Agilent J&W DB-5ms Ultra Inert 0,25 mm x 0,25 pm

Chiéu dai cot 30 m 15m 5m

Budng tiém Tiém khong chia | Tiém truc tiép lén c6t  Nhiét | Tiém khong chia dong.
dong. do budng: 90 °C (gitt 1 phut), | Nhiét do 325 °C, giit ap
Nhiét d6 budng: | sau do ting dan 40 °C/phut téi | suat & 20 psi trong 1,5
325°C 325 °C (gitt 2 phut), 4p suit | phut dau, Téc d6 dong khi
Téc do dong khi | 4,397 psi. mang: 1,5 mL/phut trong 2
mang: 4 mL/phat | Téc do dong khi mang: 2 | phut

mL/phut

Lo cot Gitt 100 °C trong | Gitt 90 °C trong 1 phut sau do6 | Gitt 90 °C trong 2 phut sau
5 phut, sau do | tang 25 °C/phut cho tdi 325 °C, | do tang 25 °C/phut cho to1
tang 10 °C/phut | gitt & 325 °C trong 10 phut 325 °C, gift 6 325 °C trong
cho té1 325 °C, 3 phut
gt o 325 °C
trong 10 phut

Dau do Nhiét d6 ngudn ion hoa 230 °C, bé tit cuc 150 °C, nhiét d6 duong truyén 300 °C

Chuong trinh quét | Quét manh ion | Chia 3 nhom quét: Chia 3 nhom quét:
trong khoang 200- [ Nhém 1: 200 — 490 amu, tor | Nhom 1: 200 — 490 amu,
1000 amu phut thtr 5 bat dau tr phut 3,0

Nhom 2: 400 — 660 amu,
tir phut 7.5 Nhom 3: 550 —
1000 amu, bat dau tir phut
8.9
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3. KET QUA VA THAO LUAN

3.1. Anh huéng chiéu dai cot dén hiéu ning tach
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Hinh 2: Sic ky d6 cua chuan CS5 & chuong trinh 1

Sic ky d6 thu duoc cho thay duong nén dang cao, dd nhay thap va chi phat hién duoc mono,
di, tri, tetra, penta va hexaBDE. Cac BDE phan tt luong 16n nhu Hepta-BDE, Octa-BDE, Nona-
BDE va Deca-BDE c6 nhiét d6 soi cao va dé bi phan huy nén khi gia nhiét dan dén 325°C trong
thoi gian hon 30 phut, cac BDE nay c6 khuynh huéng phan hiy dan, do d6 khong phat hién duoc
khi qua cot 30m. Vi vay, cin phan tich trén cot ¢ chiéu dai ngan hon va chon chuong trinh nhiét
ngén dé lam giam thot gian chiu nhiét cua cot.
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Hinh 3: Sc“ic ky do ciia chudn CS5 ¢ chwong trinh 2

O chuong trinh 2, tién hanh chay ché do tiém truc tiép vao cOt nham han ché su bay hoi mau
nhung cot dé bi gly, d6 lap lai khong cao va van chua phéat hién duoc Deca-BDE. Nho vao quét
manh theo khoang M/z nén d6 nhay ting hon nhiéu so voi truong hop khong chia khoang quét.
Khi quét tr manh 200-1000 M/z thi chi phat hién duoc hepta-BDE, con khi quét theo tung
khoang M/z ta phat hién duoc cac hop chat octa-BDE va Nona-BDE.
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Hinh 4: Sic ky d6 cta chuan CS5 ¢ chuong trinh 3

Séc ky d6 ctia chuong trinh 3 cho thay phat hién dugc DecaBDE véi do nhay cao (Peak 26),
cac Peak tach gan nhu hoan toan trong thoi gian 14,4 phut.

Tu cac nghién ctru trén cho thdy ddi voi nhitng hop chat kho bay hoi, dé bi phan hay nhiét
nhu PBDE nén st dung chiéu dai cot ngan (DB-5ms, 5m x 0,25 mm x 0,25 pm) dé tranh tinh
trang chat phan tich bi giit lau trong cot, dé bi phan huy & nhiét d6 cao. Nhu vay, cac thong sd cot
5 m voi chuong trinh nhiét 14,4 phut da dugc st dung dé tién hanh phan tich PBDE. Tién hanh
chay SIM véi cac manh ion dinh tinh va dinh luong nhu bang 2 sau.

Bdng 2: Mdnh ion dinh tinh, dinh luong va thoi gian luu ciia caic PBDE

Thot L o
Peak | Hop chét PBDEs gian | Manhion | Manhion
, dinh luong dinh tinh
(phut)

1 4-monoBDE BDE -3 4,00 248
2 2.4-DiBDE BDE -7 5,02

327.7 248
3 4.4°-DiBDE BDE -15 5.31
4 2,2’.4-TriBDE BDE -17 6,03

405.5 246
5 2.4.4°-TriBDE BDE -28 6,17
6 2.2°.4,5-TetraBDE BDE -49 6.87
7 2.3°.4’ 6-TetraBDE BDE -71 6,97

485.6 3257
8 2,2°.4,4°Tetra-BDE BDE -47 7.10
9 2.3.4,4°Tetra-BDE BDE -66 7.29
10 | 2.2°.4,4°.6-PentaBDE BDE -100 7.54
11 | 2.3°.4,4°.6-PentaBDE BDE -119 7,62
12 | 2.2°.4,4°,5-PentaBDE BDE -99 7,73 5634 332‘51
13 | 2,2°.3,4,4’-Penta-BDE BDE -85 8,03
14 | 3,3°.4,4’,5-Penta-BDE BDE -126 8,11
15 ] 2.2°.4.4.6,6°-Hexa-BDE BDE -155 8.03
16 ]2.2°.4,4°.5,5-Hexa-BDE BDE -154 8,18

643.5 483.,6
17 | 2.2°.4,4,5,6’-Hexa-BDE BDE -153 8.42
18 | 2.2°.3,4.4°,5°-Hexa-BDE BDE -138 8,72
19 | 2,2°.3,4,4°,5,6 -HeptaBDE BDE -183 9,05 561.,4 721.4
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Peak | Hop chat PBDEs ;};1 gfﬁ?ﬁgﬁg hgiﬁlhtigﬁ
(phut)
20 |2.2°.3.4.4°,5°.6 -HeptaBDE BDE -181 9,37
21 | 2.3.3°.4.4°,5.6 -HeptaBDE BDE -190 9,44
22 | 2.2°3.4.4°,55°,6 -OctaBDE BDE -203 9,87 7972
23 | 2.3.3°.4.4°,55°,6 -OctaBDE BDE -205 10,05 oAl 320,6
24 |2.2°3,3°.4.4°,5,5",6 -NonaBDE BDE -207 10,55 0 879.2
25 |2.2°3,3°.44°,56,6" -NonaBDE BDE -206 10,71 i 7213
26 | Deca-BDE BDE -209 1134 | 7993 959,1

3.2. Két qua dung chuin va khao sat giéi han phat hién (LOD), giéi han dinh lwong
(LOQ)
Két qua dung cac chuan PBDE c6 nong d6 5, 10, 50, 100, 500 ug/L thé hién & bang 3 cho
thay cac chat tuyén tinh va co6 do lap lai cao. Voi BDE -209 mét chat kho phan tich cho d6 nhay
cao 1a 4,7 pg/L. Con cac chat khac dao dong trong khoang 0,97 pug/L — 6,31 pg/L.

Bdng 3: Gidi han phadt hién va gioi han dinh lwong ciia phwong phap

Peak PBDEs RSD (%) r’ LOD (pg/L) (tgg)
1 BDE -3 6.2 0,9994 0,97 32
2 BDE -7 6.5 0,9995 1.1 3.6
3 BDE -15 10 0,9998 2.2 7.3
4 BDE -17 16 0,9996 3.3 11,0
5 BDE -28 19 0,9998 3.0 9.8
6 BDE -49 53 0,9986 1.5 52
7 BDE -71 6.6 0,9972 3.4 11,5
8 BDE -47 7.5 0,9842 0,39 1.3
9 BDE -66 5.9 0,9958 2.6 8.6
10 BDE -100 10 0,9979 2.5 8.3
11 BDE -119 19 0,9971 4.1 13,7
12 BDE -99 13 0,9928 1.6 52
13 BDE -85 18 0,9972 3.0 10,1
14 BDE -126 15 0,9959 4.8 16,1
15 BDE -155 6.1 0,9960 2.0 6.6
16 BDE -154 18 0,9945 32 10,7
17 BDE -153 9.9 0,9984 2.8 9.4
18 BDE -138 6.0 0,9982 2.0 6.7
19 BDE -183 14 0,9893 2.0 6.8
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Peak PBDEs RSD (%) P LOD (ug/L) (ﬁ(g)/g)
20 BDE -181 3.1 0.9785 0.5 1.7
21 BDE -190 13 0.9991 36 1.9
2 BDE -203 16 0.992 26 8.7
23 BDE -205 5.0 0.9921 0.7 23
24 BDE -207 18 0.9924 6.3 210
25 BDE -206 10 0.9988 24 8.1
26 BDE -209 20 0.9985 47 156
4. KET LUAN

Hon hop chét chong chay PBDE gom 26 chat duoc tach riéng biét bang cach su dung cot
mao quan DB-5MS (5m x 0,25 mm x 0,25 pum) trong thoi gian 14,4 phut két hop k§ thuat tiém
khong chia dong. Két qua phan tich cho thay phuong phap cho phép phat hién nhanh tat ca PBDE
v6i d6 nhay cao, gidi han phat hién thap, vai ppb (LOD = 0,39 pg/L — 6,31 pg/L) thay vi vai trim
ppb nhu da bao cao trong mot sb tai liu [4,5]. Gidi1 han phat hién cua decabromodiphenyl eter -
phan tir c6 khéi luong 16n - 1a 4,68 pg/L. Bang cach sir dung cot mao quan ngin di giup phat
hién duogc cac phan tir chat chong chay c6 khoi luong 16n mét cach dé dang.
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