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SUMMARY
STUDY ON THE SIMULTANEOUS DETERMINATION OF POLYBROMINATED
DIPHENYL ETHERS AND SOME ALTERNATIVE BROMINATED FLAME
RETARDANTS BY GAS CHROMATOGRAPHY MASS SPECTROMETRY METHOD
(GC-MS)

Studies on the characterization of detailed profiles of brominated flame retardants (BFRs), including both
legacy and alternative compounds, are still limited in Vietnam. In this study, concentrations of 41
polybrominated diphenyl ethers (PBDESs), hexabromobiphenyl (BB-153), pentabromoethylbenzene (PBEB),
1,2-bis(2,4,6-tribromophenoxy)ethane (BTBPE), and decabromodiphenyl ethane (DBDPE), were
determined using a gas chromatography-mass spectrometry (GC-MS) method with electron capture negative
ionization and selected ion monitoring mode (ECNI-SIM). Several fluorine-labeled compounds (FBDES)
were used as surrogates and internal standards, showing their ability to replace expensive isotope-labeled
compounds (**C;,-PBDES). A specific capillary column with relatively short length (15 m) and thinner
stationary phase (0.10 um) was used to prevent thermal degradation of BFRs, especially high-brominated
compounds such as decabromodiphenyl ether (BDE-209) and DBDPE. Good chromatographic separation
was achieved for most BFRs and labeled compounds. The quantification method showed high accuracy,
linearity (R? > 0.99), and sensitivity (detection limits from 0.13 to 5.0 ng/mL). Concentrations of the target
compounds and recoveries of the surrogates were calculated using relative response factors with the internal
standard/isotope dilution approach. The validated GC-MS method was successfully applied to analyze BFR
concentrations in some settled dust samples collected from northern Vietnam. The total BFR levels ranged
from 78 to 57,000 ng/g, with the most predominant compounds as BDE-209 (36—34,000 ng/g) and DBDPE
(33-17,000 ng/g). These results indicate the co-occurrence of legacy BFRs (i.e., PBDESs) and their
replacement formulations in the environment, suggesting the need for comprehensive monitoring of multiple
BFR classes in Vietnam.

Keywords: BFRs, GC-MS, ECNI-SIM, settled dust, indoor environment, environmental monitoring.

. A [1]. BFRs bao gém nhiéu nhém hop chét
1. GIO,I TH’IEU _ ) héa hoc khac nhau nhu polybrominated
Cac chat chong chay bromine hoa (BFRs) diphenyl ethers (PBDESs), polybrominated
la nhitng hoa chat thuong dugc bod sung biphenyls ~ (PBBs, cha yéu 1la

vao cac vat liéu polymer trong cong hexabromobiphenyl BB-153),
nghiép san xuat thi€t bi dién tir, phuong hexabromocyclododecane (HBCDD) va
tién giao thong, sgi dét, do gia dung nham mot sd chiat thay thé (ABFRs) nhu
giam kha nang bat chay cua cac vat liéu pentabromoethylbenzene (PBEB), 1,2-
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bis(2,4,6-tribromophenoxy)ethane
(BTBPE) va decabromodiphenyl ethane
(DBDPE) [2].

Trong s6 cac BFRs, PBDEs 1a nhom dugc
st dung phd bién nhit. Cac hdn hop
PBDEs thuwong mai thudng bao gdm
nhiéu ciu t va duoc phan loai thanh ba
nhém chinh la penta-, octa- va deca-
bromodiphenyl ether (BDE) [3]. Cdng
udc Stockholm vé cac chit 6 nhiém hiru
co khé phan huy (POPs) da li¢t ké ca 3
loai hon hop thuong mai nay vao Phu luc
A (cic chit can loai bd), do ching co
nhitng dic diém chung nhu bén vimng
trong moi truong, cdé kha nang phat tan
xa, tich tu sinh hoc va biéu hién doc tinh
[4,5]. BFRs c6 thé xAm nhép vao co thé
con ngudi théng qua mot sé con dudng
nhu hit thé khong khi, tiéu thy thuc pham
hay hap thu dat va bui [6]. Cac nghién
ctru vé ddc hoc d chi ra rang phoi nhiém
BFRS c6 thé gy ra nhiing anh hudng tiéu
cuc dén strc khoe con ngudi [7].

Tai Viét Nam, sy hién dién cia BFRs da
dugc ghi nhan trong nhiéu thanh phan
moi truong khac nhau nhu khong khi,
tram tich, bui ling, dat va sinh vat [8-10].
Hoang Qudc Anh va cong su (2023) da
danh gid mtc d6 6 nhiém BFRs trong bui
léng tai cac khu vuc tai ché rac thai dién
tir va khu dan cu [10]. Ham luong BFRs
cao nhat duoc ghi nhén tai cac khu vuc tai
ché rac dién tu, tiép dén 1a khu vuc dan
cu & do thi va cudi cung 1a ving néng
thon [10]. Mot sd cac nghién ciu trude
day ciing cho thdy, cac hoat dong xir Iy va
tai ché chat thai, dic biét tai cac lang nghé
thu gom va tai ché rac thai dién tir la
nhitng ngudn phat thai chinh cia BFRs &
nudc ta [9-11]. Nhitng hoat dong nay
khdng chi gay 6 nhiém cac thanh phan
mdi truong ma con lam gia tang nguy co
phoi nhidm cac hop chat doc hai nay ddi
voi stic khoe con nguoi, dic biét dbi véi

nguoi dan sdng gan khu vyc 6 nhidm va
nguoi lao dong truc tiép tiep xuc [9-11].

Céac nghién clru vé BFRs tai Viét Nam
trude day chu yeu tap trung vao két qua
quan tric 6 nhiém, trong khi viéc thim
dinh va danh gia do tin cdy cua céc
phuong phép phan tich con chua dugce
bao céo chi tiét, cu thé. Cac nghién ctru
trude day [8-11] déu khong trinh bay cu
thé két qua tham dinh thiét bi, sic ky dd
va cac thong s6 dinh tinh, dinh lugng
BFRs mdt cach chi tiét. Trong nghién ciru
nay, chung t6i tién hanh tham dinh ap
dung va thim dinh diéu kién phan tich 41
hop chat PBDEs va 4 hop chiat ABFRs
(PBEB, BB-153, BTBPE, DBDPE) bing
phuong phép sic ky khi khéi phé (GC-
MS). Cac thong sb duge danh gia bao
gém: hiéu qua tach, giéi han phat hién
ctia thiét bi, d6 6n dinh tin hiéu, d6 tuyén
tinh va hé sé dap Gmg. Phuong phap sau
khi duoc thim dinh di dugc ap dung dé
phan tich luong vét cac BFRs trong mau
bui tai Viét Nam, gop phan nang cao do
tin cdy cua cac két qua phan tich va hod trg
cong tac danh gia 6 nhiém moi truong.

2. PHUONG PHAP NGHIEN CUU
2.1. Chéat chuén va héa chit

Dung dich chuan gdc bao gdm 41 PBDEs
(BDE-1, 2, 3, 7, 10, 15, 17, 28, 30, 47, 49,
66, 71, 77, 85, 99, 100, 119, 126, 138,
139, 140, 153, 154, 156, 169, 171, 180,
183, 184, 191, 196, 197, 201, 203, 204,
205, 206, 207, 208, 209) va 4 ABFRs
(PBEB, BB-153, BTBPE, DBDPE) vdi
ndéng do cac cau tir dao dong tir 200 dén
4000 ng/mL trong nonane/toluene
(Wellington Laboratories, Canada). Céac
chat chuan dong hanh dugc cung cap boi
hing AccuStandard (M§) bao gom: 2-

fluoro-4,4'-dibromodiphenyl ether
(FBDE-15, 50000 ng/mL), 6'-fluoro-
2,2',4,4' 5-pentabromodiphenyl ether

(FBDE-99, 50000 ng/mL), 5-fluoro-
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2,2°,3,4,4°,5 ,6-heptabromodiphenyl ether
(FBDE-183, 50000 ng/mL), 4'-fluoro-
2,2',3,3',4,5,5',6,6'-nonabromodiphenyl
ether (FBDE-208, 50000 ng/mL) va
¥Cy,-BDE-209  (MBDE-209, 25000
ng/mL). Chit ndi chuin duogc st dung 1a
5-fluoro-2,2’,3,4,4° ,6-hexabromodiphenyl
ether (FBDE-168, 50000 ng/mL;
AccuStandard, M¥). Céac dung dich hi¢u
chuén (bao gdm 45 chat phan tich, 5 chit
ddéng hanh va chit ndi chudn) & 3 muc
nong do6 thap (0,8—16 ng/mL), trung binh
(4-80 ng/mL) va cao (20-400 ng/mL)
duoc chuin bj tir céc dung dich géc va
pha loing bang nonane. Cac hoéa chat
khac duoc cung cép boi hang Wako Pure
Chemical Industries, Ltd. (Nhat Ban), bao
gé)m: hexane, acetone, dichloromethane
(DCM), nonane, silica gel, sulfuric acid
va sodium sulfate.

2.2. Piéu kién phan tich GC-MS

PBDEs va ABFRs dugc phan tich trén h¢
théng GCMS-QP210 Ultra (Shimadzu,
Nhat Ban) véi cot tach DB-5ht (15 m x
0,25 mm x 0,1 um; Agilent Technologies,
My). Khi mang 1a helium (99,999%) véi
téc do dong 1,2 mL/phut. Chuong trinh
nhiét do cua 10 cot dugc cai dat nhu sau:
135 °C (1 phut), dén 215 °C (10 °C/phit),
dén 275 °C (5 °C/phut), dén 295 °C (20
°C/phit va git 5 phut). Nhiét do ctia cong
bom mau, bo phan ghép ndi GC-MS va
ngudn ion lan lugt 1a 260 °C, 310 °C va
250 °C. Dung dich mau (2 pL) duoc dua
vao hé théng GC-MS boi bd phan dua
mau ty dong AOC-20i & ché do khong
chia dong. Detector MS dugc van hanh ¢
ché do ion hda am bat giir dién tir (ECNI)
v61 khi phan ing 1a methane. Tin hiéu cua
cac chat phan tich dugc ghi nhan boi ché
dd quan sat chon loc ion (SIM) véi 1 ion
dinh lugng va it nhét 1 ion xéc nhan cho
mdi chit. Cac ion duoc theo ddi bao gom:
m/z = 79/81 (Br), 159/161 (HBry),
407/409 (CeHBr,O"), 487/489 (Ce¢BrsO),

4271429
(**C¢Brs0).

2.3. Quy trinh xir Iy miu buyi

(CGFBMO_) va 497/499

Quy trinh xir 1y mau bui cho phan tich
BFRs dugc tham khao tir mot sé nghién
ciru trude day [11,12]. Mau bui (1 g)
dugc chuyén vao ng thiry tinh 50 mL,
thém hdn hop chat chuin ddéng hanh va
chiét 1an lugt véi 10 mL acetone va 10
mL acetone/hexane (1:1, v/v) st dung
thiét bi phat siéu am VCX 130 (Sonic &
Materials, Inc., M¥). Thoi gian ctia mdi
lan chiét 1a 10 phat v6i bién do siéu am
50%. Sau mdi lan chiét, dng chiét dugc ly
tam v6i toc do 3000 vong/phut trong 10
phut. Cac phan dich chiét duoc gop lai, co
quay chan khong va chuyén vao 2 mL
hexane. Dich chiét dugc lam sach voi
sulfuric acid (98%) va cot silica gel hoat
hoa. BFRs dugc rira giai tir ¢t silica gel
v6i hdén hgp dung moédi DCM/hexane
(5:95, v/v). Dung dich rua giai duge thém
chat ndi chuén, ¢d dic va chuyén vao 100
puL nonane trudc khi phan tich trén hé
théng GC-MS.

2.4. Xir 1y s6 ligu

S6 liéu phan tich dugc xtr 1y trén phan
mém Microsoft Excel (Microsoft Office
2010) va Minitab 16 Statistical Software
(Minitab Inc.). Cac h¢ sd dap tmg, ham
lugng BFRs trong mau va do thu hdi cua
chat chuan dong hanh trong mau duoc xéac
dinh bai cac cong thic sau:

n CS

RRE, = 5 x -

Ci

RRE, = C_s

ot m

Ay RRF mgy
o 10
A;  mg  RRE
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Trong d6: RRF, 12 hé s6 dap tng cua chat
phan tich v6i chat chuan dong hanh; RRF,
1a hé s dap tng cua chit chuin dong
hanh véi chat ndi chuan; C 1a ham luong
BFRs trong mau bui (ng/g), R% la do thu
hdi ctia chat chuan ddng hanh; An, As, A
1a dién tich peak cua cac chat phan tich,
ddng hanh, ndi chuan; Cy, Cs, Ci la ndng
d6 cua cac chat phan tich, dong hanh,
ndi chuén trong dung dich hiéu chuin
(ng/mL); ms va m; 1a khoi luong chét
chuan déng hanh va chat ndi chuan

thém vao mau (ng); mg 1a khéi lugng
mau bui (g).

3. KET QUA VA BAN LUAN
3.1. Hiéu qua tach cac BFRs

Véi céc diéu kién GC-MS néu tai Muc
2.2, chung t6i da tién hanh phan tich cac
dung dich hiéu chuin BFRs ¢ 3 mtc néng
d6 thap, trung binh va cao. Sic do téng
ion ciia dung dich chuan BFRs mirc trung
binh (4-80 ng/mL) duoc trinh bay trong
Hinh 1.
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Hinh 1. Sdc do tong ion (TIC) ciia hén hop BFRs & mirc nong dé 4—80 ng/mL

Nhin chung, hau hét cac cip peak déu
dugc tach tot dén do phan giai duong nén,
trir mot sb it truong hop c6 hién tuong
chong 1an peak mot phan (BDE-49/BDE-
71, BDE-154/BB-153 va FBDE-
208/BDE-208) hoac hoan toan (BDE-
156/BDE-169 va MBDE-209/BDE-209).
Cac truong hop peak khong tach hoan
toan ké trén ciing di duoc bio cdo trong
cac nghién ctru trudc day khi str dung cot
tach vé1 pha tinh 95% dimethyl 5%
diphenyl polysiloxane [13]. Tuy peak cua
FBDE-208 va BDE-208 khong tach dugc

hoan toan nhung khong anh huéng dén tin
hiéu cua ching tai detector do manh ion
cua FBDE-208 (m/z = 427) va BDE-208
(m/z = 409) khac nhau. Tuong tu vai
truong hop cia MBDE-209 va BDE-209
c6 thoi gian luu gan nhu tring nhau
nhung khong anh huéng dén viéc dinh
lugng do su khac biét vé manh ion (m/z =
497 cho MBDE-209 va m/z = 487 cho
BDE-209). Truong hop peak tich khong
hoan toan nhu BDE-49/BDE-71 va BDE-
154/BB-153, dién tich peak ctia mdi cht
duogc phan chia tai diém thap nhét giira 2
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peak lién ké&. Tin hiéu cia BDE-156 va
BDE-169 do khéng tach dugc trén cot
tach ciing nhu trén detector nén s€ dugc
tinh boi tong dién tich peak cua 2 chat.
Céc peak sic ky déu can dbi (v6i hé sb
dbi xtng nim trong khoang 0,9 dén 1,6)
va €0 chan peak hep (d6 rong chan peak
khoang 0,1 dén 0,3 phut), 1a nhirng yéu to
quan trong goép phan phan tich dinh tinh
va dinh lugng BFRS v61 d§ chon loc cao.
Hon nira, sb luong cac chit BFRs duoc
tdich va phan tich trong nghién ctu nay
vuot trdi ddng ké so véi cac nghién ciru
trude day vé phan tich BFRs tai Viét Nam
[8-10]. Tong cong 44 peak sic ky da duoc
ghi nhan cho 45 chét phén tich trong thoi
gian tach tuong d6i ngan (khoang 30 phut).

3.2. Tham dinh thiét bi

Cac dung dich hiéu chuan dugc phan tich
lap lai (n = 5) dé tién hanh xac dinh céac
thong s6 tham dinh thiét bi, bao gom: gidi
han phat hién cua thiét bj (IDL), d6 on
dinh cua tin hi¢u (danh gia thong qua do
léch chuan tuong d6i RSD cua dién tich
peak) va do tuyén tinh (danh gia thong
qua hé sd twong quan R? giita nong do
chat phan tich va dién tich peak twong
ung). Gid tri IDL cua cdc PBDEs dao
dong tir 0,13 ng/mL (BDE-140) dén 5,0
ng/mL (BDE-209). Cac PBDEs c6 phan
tir khoi 16n, dic biét 1a deca va nona-
BDE, nhin chung c6 IDL cao hon so véi
cac PBDESs c6 phan tir khéi trung binh va
thdp. Hién tuong nay c6 thé dugc giai
thich do sy phan huy nhiét cia cac hop
chit nay trong qué trinh tach [13]. Tuy
nhién, vi¢c st dung cot tach chuyén dung
v6i chiéu dai cot 15 m va 16p phim pha
tinh mong 0,10 pm vai ché d6 ion hoa am
ECNI d4 goép phan cai thién do nhay cta
thiét bi. V&i mic nong do IDL ndi trén,
phuong phap GC-MS nay c6 thé ap dung
de phan tich lugng vét BFRs trong céc
mau moi truong va sinh hoc. Tin hi¢u cta
BFRs ¢6 d6 6n dinh cao véi thoi gian luu

(@6 léch chudn SD tur 0,001 dén 0,03
phat) va di¢n tich peak Iap lai (RSD <
15% trong khoang nong do 0,8 dén 400
ng/mL). Puong chudn cua cac BFRs
trong khoang nong d6 khao sat déu c6 gia
tri R > 0,99 cho thdy mdi twong quan
tuyén tinh rd rét giita tin hiéu do va ndng
d6 chat phan tich.

3.3. H¢ s dap ving

Ham luong BFRs trong mau dugc xac
dinh bang phuong phap ndi chuin/pha
lodng dong vi théng qua hé sé dap tmg
(RRF) dé xuit boi US EPA trong phuong
phap tiéu chuin Method 1614A [14].
Trong nghién ctru nay, ngoai chat chuan
danh diu dong vi 3¢ ,-BDE-209, ching
t6i da s dung cac chat chuan danh dau
nguyén td fluorine nhu FBDE-15, 99,
168, 183, 208. Céc chat chuan FBDEs da
duoc téng hop va st dung lam chit noi
chuan thay thé cho cac chat chuin danh
dau dong vi BC tir nhitng nam dau 2000
voi hiéu qua tuong duong va gid thanh
thip hon dang ké [15,16]. Trong nhiéu
truong hop, cac chat chuan FBDEs c6 thé
dugc tach hoan toan va khong chong lan
v6i tin hiéu cua phan ttr PBDEs c6 cau
trac thé bromine tuong ty va c6 thé duge
ap dung trong cac phuong phap khong
can dung detector khdi phd, vi du nhu GC
v6i detector bit giit dién tir (ECD) [16].

Trong nghién ciru ndy, cic chat chuin
ddng hanh v6i mic bromine hoa khac
nhau da dugc su dung dé dinh lugng céac
nhom chat BFRs twong tng. FBDE-15
ung voi cdc nhom mono, di, tri-BDES
cung voi PBEB. FBDE-99 ting voéi cac
nhém tetra va penta-BDEs. FBDE-183
ung voi cac nhom hexa, hepta, octa-BDES
cung voi BB-153 va BTBPE. FBDE-208
tmg véi cac dong phan nona-BDEs.
MBDE-209 duoc dung dé dinh luong
BDE-209 va DBDPE. FBDE-168 voai
muc bromine héa trung binh dugc s
dung lam chit nodi chuin dé kiém soat do
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thu hoi cua cac chét chuin dong hanh. Hé
s6 RRF cua cac BFRs d6i v6i chit chuan
ddéng hanh dao dong tir 0,025 (BDE-3)
dén 12 (BDE-197) véi gia tri RSD nhin
chung nho hon 15%, dép ung duoc yéu
cau ctia Method 1614A (RSD < 20%).

34. Ap dung phan tich BFRs trong
mau bui

Cac diéu kién phan tich BFRs trén h¢
théng GC-MS dugc ap dung cho cac mau
bui lang dai dién thu thap tai mot sé khu
vuc & mién Bic Viét Nam. Mdi mau bui
1a mot mau gdp duoge lay tir 3 vi tri khéc
nhau, bao gdm nha ¢ Ha Noi (HN-H),
phong thi nghiém (HN-L), van phong
(HN-0), duong phé (HN-R) va khu vuc
tai ché rac thai dién tr & Hung Yén
(xuong tai ché HY-E va nha & gin xuong
tai ché HY-H). Cic miu tring phuong
phap (n = 3) dugc phan tich kém v&i mau
thuce, cho thay mic ham lugng thap cua
mot sé chit nhu BDE-28 (0,015 + 0,003
ng/g), BDE-138 (0,013 = 0,002 ng/g),
BDE-203 (0,019 £ 0,005 ng/g), BDE-206
(0,032 £ 0,009 ng/g) va BDE-209 (0,25 +
0,050 ng/g). Ham lugng chat phan tich
trong mau thyc dugc hiéu chinh véi ham
luong trong mau trang. DO thu hdi cta
cac chat dong hanh thém chuan vao mau
thuc lan luot 1a: FBDE-15 (74 + 4%),
FBDE-99 (83 + 10%), FBDE-183 (104 +
11%), FBDE-208 (97 + 14%) va “Ci.-
BDE-209 (101 + 26%). Cac gia tri o thu
hoi nay déu nam trong khoang giéi han
cho phép tir 25% dén 120% (cho PBDEs

v6i b nguyén tir bromine nho hon 10) va
20% dén 200% (cho BDE-209) quy dinh
bdi US EPA.

Ham luong tong 45 BERs trong cac mau
bui dao dong tir 78 dén 57000 (trung binh
10500) ng/g. Trong d6, ham lugong cua
cac nhom BFRs giam dan theo thu tu:
PBDEs (trung binh 7000; khoang ham
luong 43-39000 ng/g) > DBDPE (3300;
33-17000 ng/g) > BTBPE (130; 2,3-730
ng/g) > PBEB (2,5; khong phat hién — 15
ng/g) > BB-153 (0,036; khong phat hién —
0,13 ng/g) (Bang 1). Ham luong tong 4
ABFRs dao dong tir 36 dén 18000 ng/g
v6i gid tri trung binh 3500 ng/g. Cac chat
dugc phat hién trong tat ca cic mau bui
bao gom: BDE-47, BDE-99, BDE-153,
BDE-183, BDE-196, BDE-197, BDE-
201, BDE-203, BDE-206, BDE-207,
BDE-209, BTBPE va DBDPE. BDE-209
1a cau tir PBDE quan trong nhét, chiém ti
16 66% dén 95% (trung binh 84%) cua
tong 41 PBDEs. Trong sb cac ABFRs,
DBDPE 14 chét c6 ti 18 cao nhit (92% dén
99%). Ham lugng BFRs nhin chung giam
déan theo thtr ty: HY-E > HY-H > HN-H >
HN-L > HN-O > HN-R. Cac két qua nay
cho théy hoat dong tai ché rac thai dién tir
12 mot ngudn phat thai BFRs ra moi
truong xung quanh. Bén canh do, nguon
gbc chinh cia BFRs lién quan dén céc
ung dung trong nha, dac biét ¢ khu vyc
do6 thi vo1 mat do stir dung cac dd gia dung
va do dién tir cao.

Bing 1. Ham lwong BFRs (ng/Q) trong cdc mau bui ciia nghién ciru nay (HN: Ha Noi, HY: Hung Yén, R:
bui duong, O: bui trong van phong, L: bui trong phong thi nghiém, H: bui trong nha, E: bui trong xucéng tdi
ché rac thai dién tir).

Chit HN-R HN-O HN-L HN-H HY-H HY-E
BDE-1 KPH KPH KPH KPH KPH KPH
BDE-2 KPH KPH KPH KPH KPH KPH
BDE-3 KPH KPH KPH KPH KPH KPH
BDE-7 KPH KPH KPH KPH KPH 0.37
BDE-10 KPH KPH KPH KPH KPH 0.090
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Chit HN-R HN-O HN-L HN-H HY-H HY-E
BDE-15 KPH 0.30 0.16 KPH 0.10 3.5
BDE-17 KPH 0.22 0.11 KPH 0.22 7.8
BDE-28 KPH 0.31 11 0.20 1.3 150
BDE-30 KPH KPH KPH KPH KPH 0.070
BDE-47 0.030 0.47 6.7 0.14 4.53 430
BDE-49 KPH 0.48 0.93 0.11 1.6 76
BDE-66 KPH 0.11 0.47 KPH 1.8 88
BDE-71 KPH 0.22 KPH KPH 0.15 12
BDE-77 KPH 0.64 KPH KPH 0.23 12
BDE-85 KPH KPH 0.70 KPH 0.60 8.6
BDE-99 0.050 0.30 14 0.37 5.7 170
BDE-100 KPH 0.040 2.4 KPH 0.35 12
BDE-119 KPH 0.18 1.5 KPH 14 49
BDE-126 KPH KPH KPH KPH 0.070 0.53
BDE-138 0.070 KPH KPH 0.13 0.47 6.8
BDE-139 KPH KPH 0.62 KPH 0.65 3.2
BDE-140 KPH 0.47 0.49 KPH KPH 2.4
BDE-153 0.18 2.9 6.5 0.40 3.2 160
BDE-154 KPH KPH 1.16 KPH 0.97 21
BDE-156/169 KPH KPH KPH KPH 0.02 0.81
BDE-171 KPH KPH KPH KPH 0.33 6.1
BDE-180 KPH KPH KPH KPH 1.6 32
BDE-183 0.92 0.83 0.94 11 8.2 1000
BDE-184 KPH KPH KPH KPH 0.24 2.0
BDE-191 KPH KPH 0.030 KPH 0.38 1.7
BDE-196 0.19 1.3 0.97 0.34 4.7 140
BDE-197 0.48 1.4 0.85 0.77 4.7 420
BDE-201 0.11 0.16 0.29 0.32 2.6 17
BDE-203 0.31 0.69 0.60 0.54 4.5 150
BDE-204 KPH 0.050 KPH KPH 0.070 0.33
BDE-205 KPH KPH KPH KPH KPH 0.82
BDE-206 2.2 4.2 4.3 13 67 1100
BDE-207 1.65 3.9 3.8 14 44 780
BDE-208 0.71 1.2 1.8 8.4 24 250
BDE-209 36 120 99 730 1600 34000
PBEB KPH KPH KPH 0.066 0.36 15
BB-153 KPH KPH 0.13 KPH KPH 0.08
BTBPE 2.7 2.8 3.7 2.3 27 730
DBDPE 33 54 100 64 2800 17000
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4. KET LUAN

Trong nghién ctru ndy, két qua phan tich
dinh lwong 45 chat chdng chdy bromine
hoéa c6 dién va thay thé duoc bao cdo mot
cach chi tiét véi cac diéu kién ciia hé
théng GC-MS & ché d6 ECNI-SIM.
Phuong phép c6 do chon loc, hi€u qua
tach, d6 on dinh va d6 chinh xéac cao, dap
mg dugc yéu cau phan tich luong vét va
siéu vét cac BFRs trong hdn hop c6 nhiéu
cAu tr va nén miu phuc tap. Viée sir dung
cot tach chuyén dung va ché do ion hoa
am cho phép dam bao d6 nhay cao ddi véi
cac chat c6 sd nguyén tir bromine 16n nhu
BDE-209, nona-BDEs va DBDPE. Gidi
han phat hién ctia mot s6 PBDEs va BFRs
dat duoc & mirc thap hon 1 ppb. Hiéu qua
tach tét da dat dugc vai téng s6 44 peak
sic ky cho 45 chét phan tich trong thoi
gian tach twong ddi nhanh (khoang 30
phit). Cac thong s6 tham dinh thiét bi va
danh gid phuong phép phan anh d¢ thu
hdi va do lap lai tot cia phuong phép,
nam trong khoang giéi han cho phép ctia
phuong phép tiéu chuin theo US EPA va
twong duong véi két qua cua cac nghién
cuu dugc thuc hién 6 cac quéc gia khac
trén thé gidi. Viéc phan tich dong thoi
PBDEs 14 cac chat BFRs dd nglmg san
xudt cung voi cac BFRs thay thé c6 y
nghia quan trong ddi véi cac linh vyc nhu
héa hoc phan tich, héa hoc moi truong va
quan 1y 6 nhiém. Piéu kién phan tich cia
nghién ctru nay co thé duoc ap dung trong
cac nghién ctru tuong lai vé danh gia 6
nhiém BFRs tir cac thanh phan moi
truong khac nhau va mirc do phoi nhiém
BFRs trén co thé nguoi (vi du nhu mau,
toc va mong tay).

Loi cam on: Nghién cru nay dugc tai trg
boi Quy Phat trién khoa hoc va cong nghé
Quéc gia (NAFOSTED) trong dé tai ma
s6 104.04-2023.25.
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