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Abstract: In this study, a rapid analytical method was developed and validated for the
determination of polybrominated diphenyl ethers PBDEs in house dust samples. The dust sample
was solvent extracted by using a focused ultrasonic processor with the reduced extraction time
(total 30 min/sample) and solvent volume (about 30 mL/sample). The crude extract was purified
by passing through a self-packed multilayer column containing 44% sulfuric acid impregnated
silica gel, Florisil, and anhydrous sodium sulfate. PBDEs were eluted from the clean-up column by
the mixture of dichloromethane in hexane (1:3,...). PBDEs (41 mono- to deca-BDE congeners)
were analyzed by using gas chromatography/mass spectrometry (GC/MS) with negative chemical
ionization (NCI) and selected ion monitoring (SIM) mode. The analytical method was validated
using procedural blank, matrix-spike, and standard reference material (SRM) samples. Recoveries
of PBDEs in spiked samples ranged from 65% to 120%. Analytical results of the SRM 2585
(Organic Contaminants in House Dust, National Institute of Standards and Technology, USA)
indicate method accuracy with ratios of measured to certified values of almost compounds ranging
from 76% to 110%. All the experiments were conducted in duplicate, showing acceptable
repeatability (RSD < 15%). This method can apply to the simultaneous determination ofmono- to
deca-BDE congeners in dust samples at ppb to ppm levels with several advantages such as simple,
rapid, accurate, cost-effective, and reducing amounts of chemicals and solvents.
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Tém tit: Trong nghién ctru nay, mot phuong phap phan tich nhanh cac polybrominated diphenyl
ethers (PBDEs) trong miu bui trong nha dwoc phat trién va tham dinh. Mau bui dwoc chiét véi
dung méi hitu co bang bo chiét siéu m tryuc tiép voi thoi gian chiét ngan (khoang 30 min/mau) va
ton lwong nho dung méi (khoang 30 mL/mAu). Dich chiét miu byi dugc lam sach qua cot da 16p tu
chuén bi tai phong thi nghiém, bao gom silica gel tim 44% acid sulfuric, Florisil va sodium sulfate
khan. PBDEs dugc rira giai khoi cot 1am sach bang hdn hop dichloromethane trong hexane
(1:3,. ..). PBDEs (41 ddng loai tir mono- dén deca-BDE) duoc phan tich bang hé thong sic ky khi
ghép ndi khéi phd (GC/MS) & ché do ion hoa hoa hoc am (NCI) va quan sat chon loc ion (SIM).

Phuong phép phan tich dugc thim dinh bing cac mau trang, nén mau bui thém chuén va miu
chuén (SRM). D6 thu hoi ciia PBDEs trong cac mau thém chudn dao dong tir 65% dén 120%. Két
quéa phan tich mau chuidn SRM 2585 (Organic Contaminants in House Dust, National Institute of
Standards and Technology, USA) phan 4nh d¢ chinh xdc cua phuong phap voi ti 1€ gia tri do dugce
va gia tri ching nhén nam trong khoang 76% dén 110%. Tét ca cac thi nghiém duoc tién hanh lap
2 lan, cho thdy d lap lai chap nhan duoc (RSD < 15%). Phuong phép nay co thé dugc ap dung dé
xé4c dinh dong thoi cac nhém dong phan mono- dén deca-BDE trong miu bui ¢ mirc nong do c&
ppb dén ppm vé6i cac wu diém nhu don gian, nhanh, chinh xéc, tiét kiém va giam lugng hoa chat,
dung moi.

Twr khoa: Brominated flame retardants, polybrominated diphenyl ethers, house dust, NIST SRM 2585.

1. Mé dau

Polybrominated diphenyl ethers (PBDEs) la
nhoém céc chat chéng chay brom hitu co duoc
san xuat va sir dung rong rii trong nhiéu linh
vuc cong nghiép, dién hinh 1a cong nghiép dién,
dién t, giao thong van tai, xay dung [1].
PBDEs 1a loai chit chdng chay phu gia, duoc
thém vao cac vat liéu polymer dé lam giam kha
ning bét chay cua vat lidu. Vi cac chat nay chi
dugc phdi tron vao vat liéu ma khong théng qua
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cac phan tng hoa hoc tao lién két, chung c6 thé
phat tan vao moi trudong xung quanh thong qua
qua trinh bay hoi hodc bdi sy mai mon vat li¢u
[2]. PBDEs d tré thanh cac chat 6 nhidm dién
hinh trong moi truong tu nhién cling nhu trong
khong gian séng va lam viéc ctia con ngudi [3].
Cac hon hgp PBDEs thuong mai (penta-, octa-
va deca-BDE) da duoc liét ké trong Phu luc A
(cic hoéa chat can loai bo) cua Cong udc
Stockholm vé cac chat 6 nhidm hitu co kho
phén huy (POPs).

Nam 2010, Cuc Bao v¢ Mdi truong Hoa Ky
(US EPA) di ban hanh Phuong phap tiéu chuan
1614A cho phan tich PBDEs trong cac mau mdi
truong va sinh hoc (Method 1614A Brominated
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Diphenyl Ethers in Water, Soil, Sediment, and
Tissue by HRGC/HRMS). Phuong phap nay
khuyén cdo k¥ thuat chiét cho mau rin la hé¢
Soxhlet/Dean-Stark. Pay 1a ky thuat chiét cd
dién véi hiéu qua chiét cao, nhung can lugng
dung moéi 16n (khoang 300 mL dung moi/mau)
va thoi gian chiét 1au (18 dén 24 h) va thao tac
chuan bi tuong doi phuc tap. Hon nita, Phuong
phap 1614A khong co huorng dan cu thé cho
mau bui, mét thanh phin moi trudng quan trong
tlep nhan PBDEs trong pham vi gan so vdi
ngudn phat thai.

Trong nghién ctru ndy, chung toi tién hanh
phat trién va tham dinh phuong phép phén tich
nhanh, don gian va hiéu qua cho PBDEs trong
mau buyi. Phuong phap chiét duoc lya chon la
chiét siéu am truc tlep dung sung phat siéu &m
v6i wu diém ndi bat vé hiéu qua chiét cao, thoi
gian chiét ngin va ton it dung méi. Phuong
phap phan tich dugc thim dinh dya trén két qua
phan tich mau tring, miu thém chuin, mau
chuan va mau lap. Quy trinh phan tich da tham
dinh duogc 4p dung dé phan tich PBDEs ¢ miic
ham lugng ppb dén ppm trong mot sé mau bui
trong nha thu thap tai khu vuc d6 thi & Ha Noi.
Ham lugng PBDESs trong cac mau bui duge xac
dinh bang phuong phap sic ky khi khdi phd
(GC/MS) v6i ru diém noi bat vé kha ning tach
cao, d6 chon loc cao va gidi han phat hién thap,
cho phép phén tich chinh xdc lugng vét va si€u
Vet nhom chit gorn nhleu cAu tir co tinh chat rat
glong nhau trong nén mau moi truong phuc tap.

2. Thue nghiém
2.1. Héa chat, thiét bi

Hon hop dung dich chuan PBDEs (gom 41
dong loai bao gom 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 chit chuin danh diu
ddng vi 13C12-BDE-209 duoc cung cdp béi
Wellington Laboratories (Canada). Cac chat
chuén danh déu flo bao gom FBDE-15, 99, 154,
183, 208 dugc cung cép boéi AccuStandard
(USA). Cac dung dich chuin duoc chuin bi
trong dung mdi nonane.

Cac dung moi va hoa chét tinh khiét phan
tich bao gém acetone, hexane, dichloromethane
(DCM), sodium sulfate khan, Florisil va silica
gel tim 44% acid sulfuric dwoc cung cép boi
Wako Pure Chemical Industries, Ltd. (Nhat
Bén). Acetone va hexane dwgc chung cét lai
trong b cit bang thily tinh trude khi sir dung.
Sodium sulfate dugc nung ¢ 400 °C trong it
nhat 2 h. Florisil dugc say ¢ 130 °C trong 3 h.

Mau bui duoc chiét bang thiét bi phat siéu
am VCX 130 (130 W, 20 kHz, Sonic va
Materials, Inc., USA). PBDEs dugc phan tich
trén thiét bi sic ky khi ghép nbi khéi phd
GCMS-QP2010 Ultra (Shimadzu, Nhat Ban)
v6i cot tach DB-5ht (15 m % 0,25 mm X 0,1 um,
Agilent Technologies, USA).

2.2. Mau phan tich

Cac mau phan tich trong nghién ctru nay
bao gom: i) Mau trang; ii) Nén mau bui dai dién
khong thém chuan; iii) Nén miu bui dai dién
thém chuan; iv) Mau chudn SRM 2585; v) Mau
bui thuc té. Mau trﬁng duoc chuan bi tir sodium
sulfate khan. Nén mau bui dai dién duoc tron tir
khoang 20 mau bui thu thap & Ha Noi va mot s6
tinh mién Bic tir thang 8 dén thang 9 nam 2016,
sau d6 sang qua rdy 100 um dé dong nhat. Mau
bui thém chuén duogc thém lugng chit chuin
PBDEs v6i luong tuyét déi dao dong tir 0.8 dén
8.0 ng/miu. Mau chuin SRM 2585 (Organic
Contaminants in House Dust, National Institute
of Standards and Technology, USA) dugc cung
cip boi Vién Tiéu chuan va Coéng nghé Qudc
gia Hoa Ky véi gia tri ndng d6 chimg nhan cho
BDE-17, 28/33, 47, 49, 85, 99, 100, 138, 153,
154, 155, 183, 203, 206 va 209. Mot s6 mau buyi
thue t& (n = 5) duogc thu thap trong cac nha dan
& Ha Noi thang 9 dén thang 11 nam 2019.
Ngoai trir cdc mau bui thuc té, cac mau tham
dinh phuong phap déu duge phan tich lip 2 1an
dé danh gia do 6n dinh cua phuong phép.

2.3. Quy trinh xir Iy mau

Quy trinh xir Iy mau duoc tham khao tir mot
s6 nghién ctru trude ddy cho nén mau bui [4, 5].
Khoang 1 g miu (0,2 g d6i v6i mau chuan SRM
2585) duoc can trong Ong thuy tinh 50 mL va
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thém chuan hdn hop chat dong hanh (FBDE-15,
99, 183, 208 va °C;,-BDE-209). Mau dugc
chiét 2 1an, 1an 1 vo&i 10 mL acetone, 1an 2 véi
10 mL hén hop acetone/hexane (1:1,...). Mdi
lan chiét trong 10 min, sau d6 6ng mau duoc li
tam véi téc d6 3000 rpm trong 10 min. Céc
phﬁn dich chiét duogc gop lai, cd quay chan
khong va chuyén hoan toan dung méi thanh
2 mL hexane trudc khi 1am sach trén c6t da lop.

Ky thuat 1am sach dich chiét mau nhin
chung tuén theo nguyén tic cua phuong phap
phéan tich POPs. Cot da 16p thuy tinh (duong
kinh trong 1 cm) dugc chuan bi v6i cac 16p hoa
chat 1an lugt (tir dudi 1én trén) nhu sau: bong
thuy tinh; 0,5 g sodium sulfate; 1 g silica gel
tam 44% acid sulfuric; 0,5 g sodium sulfate; 1 g
Florisil va 0,5 g sodium sulfate. Cot da 1op
duoc rua béng 20 mL hexane trude khi nap dich
chiét mau. PBDEs dugc rira giai bang 20 mL
hdn hop dung méi DCM/hexane (1:3,...). Dich
rua gidi sau d6 dugc c6 dic, thém chat ndi
chuan FBDE-154 va chuyén vao 100 pL
nonane. Dung dich phan tich (1 pL) duoc tiém
vao hé thong GC/MS dé tach va dinh luong
cac PBDEs.

2.4. Phan tich dinh luong tréen GC/MS

Khi mang 13 helium véi téc d6 dong
1 mL/min. Nhiét d6 cong bom mau 1a 260 °C.
Chuong trinh nhiét d0 ctia 10 cdt nhu sau:
135 °C (gitr 1 min), d&n 215 °C (10 °C/min),
dén 275 °C (5 °C/min), dén 295 °C (20 °C/min,
giit 0,5 min), dén 310 °C (20 °C/min, giir
4 min). B6 phan khéi phd dugc van hanh ¢ ché
d6 ion hoa hoa hoc am (NCI) véi khi phan tng
la methane. Nhiét do cia bo phan ghép ndi
GC/MS va ngudn ion lan lugt 1a 310 °C va
250 °C. Tin hiéu khéi dugc ghi nhan & ché do
quan sat chon loc ion (SIM) voi m/z = 79,0,
81,0; 158,8; 160,8; 406,6; 408,6; 486,5; 488,5;
496,6; 498,5. Sic dd cua dung dich chuin
PBDEs thu dugc gdm 40 peak, trong d6 c6 1
cap chat trung thoi gian luu 14 BDE-156/1609.
Luong tuyét ddi va ham lugng PBDEs duoc
tinh theo phuong phap noi chuan.

3. Két qua va thio luin

3.1. Két qua phan tich mau trang va gici han
phat hién cua phwong phap

PBDEs la nhém chit 6 nhiém phd bién
trong moi truong do sw c6 mat cua chung trong
nhidu vét liéu va san pham. Trong méi truong
phong thi nghiém, PBDEs tir nhiéu ngudn khac
nhau nhu khong khi, bui, dung cu thi nghiém,
thiét bi dién tir c6 thé gdy nhiém ban cho mau
phan tich, 1a nguyén nhan chinh giy ra sai s6
duong. Pac biét ddi v6i cac miu c¢6 ham luwong
PBDEs thap thi van dé nhiém ban va viéc hiéu
chinh két qua do vé mirc ham luong PBDEs
trong mau trang 13 rat can thiét. Trong nghién
clru ndy, mau trang (sodium sulfate khan) duoc
phan tich dé kiém tra sy nhiém ban PBDEs
trong moi truong phong thi nghiém. Véi cac
bién phap nhu chung cit lai dung méi, nung
hoiac séy hoa chit ¢ nhiét do cao, ria dung cu
thity tinh bang quy trinh nghiém ngit, chi mot
sO it chat phan tich da duoc phat hi¢n ¢ muc
ham lugng tuong d01 thap Cu thé, 6 chat duoc
phat hién trong miu tring bao gdm: BDE-28
(0,0030 £ 0,0020), BDE-47 (0,0050 + 0,0030),
BDE-138 (0,0030 + 0,0020), BDE-206 (0,0060
+ 0,0020), BDE-207 (0,0080 + 0,0030) va
BDE-209 (0,10 + 0,050). Gi6éi han phat hién
ciia phuong phap (MDL) ddi voi 6 chit nay
dugc tinh theo ham luong mau trang trung binh
cong voi 3 lan dd léch chuin. MDL cua cac
chat con lai dugc tinh theo gidi han phat hién
cta thiét bi, nhan voi thé tich dung dich phan
tich va chia cho khdi lugng mau byi. MDL cuia
cac PBDEs dao dong tir 0,010 dén 0,20 ng/g.

3.2. Két qud phaén tich mdu thém chudn

Nén mau bui dai dién c6 ham lugng PBDEs
tong 1a 56 ng/g. Sdc d6 ciia mau bui dai dién
khong thém chuan va miu thém chuan duoc
trinh bay trong Hinh 1. Cic chit c6 ham
luong cao nhat bao gdm: BDE-209 (48 ng/g),
BDE-206 (3,0 ng/g), BDE-207 (2,0 ng/g),
BDE-208 (1,3 ng/g), BDE-183 (0,32 ng/g),
BDE-99 (0,19 ng/g). Nén méu bui nay dugc
thém chuin hdn hop PBDEs véi luong tuyét dbi
nhu sau: 0,8 ng (mono-tri), 1,6 ng (tetra-hexa),
3,2 ng (hepta-octa) va 8,0 ng (nona-deca). Bo
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thu hoi ctia cac chat chuan PBDEs dao dong tir
77 + 9% (BDE-1) dén 114 + 6% (BDE-66). P
thu hdi cua cic chat nhin chung nim trong
khoang 65% dén 120% v&i RSD < 20%. Do thu
hdi cua cac PBDEs dap tung duoc yéu ciu cua
Phuong phap tiéu chuan 1614A do US EPA
ban hanh.

(a) Miu byi
khéng thém
chuin

N ..L',',..l.'|,|. |- I‘ l_l 1 l“

(b) Mau buyi
thém chudn

|| |‘|‘ ‘[ u

Hinh 1. Sic d6 tong ion (TIC) cia PBDEs trong mau
bui dai dién khong thém chuan va thém chuan.

3.3. Két quad phan tich mdau chuan SRM

Mau chuan SRM 2585 dugc phén tich dé
danh gia hi€u lyc cua toan b quy trinh phan
tich. Sac do6 phan tich mau byi SRM 2585 dugc
dua ra trong Hinh 2. Ham luong tong PBDES
trong mau bui nay 1a 5500 + 67 ng/g. Cac chat
co néng dd cao nhét phat hién duoc bao gém:
BDE-209 (2800 + 67 ng/g), BDE-99 (980 * 38
ng/g), BDE-47 (540 + 36 ng/g), BDE-206 (200
+ 14 ng/g), BDE-100 (160,0 + 3,6 ng/g), BDE-
207 (130,0 £ 2,6 ng/g) va BDE-153 (121,0 +
4,3 ng/g). Trong d6, BDE-209 1a thanh phan
chinh ctia hon hop deca-BDE thuong mai, con
BDE-47 va BDE-99 1a thanh phan chinh cua
hdn hgp penta-BDE thurong mai.

BLOE-47

BRE-309

Hinh 2. Séc do tong ion (TIC) ciia PBDEs
trong mau bui SRM 2585.

Két qua phan tich PBDEs trong mau chuan
SRM 2585 béi phuong phép cta chiung toi nhin
chung phu hop voi gia tri ham lugng chitng
nhan. Ti 1¢ gilta gia tri do duoc va gia tri chiing
nhan ciia cac chat dao dong tir 76% (BDE-206)
dén 110% (BDE-99 va BDE-209). Két qua nay
cho thay phuong phap phéan tich c6 d6 chinh
xac cao va kha nang dap ung voi PBDEs trong
khoang ham luong tuong d6i rong tir ppb dén
ppm. Su khac biét khoang 10% cta ham lugng
BDE-99 va BDE-209 gitra gia tri do dugc va
gia tri chiing nhén cé thé duoc giai thich boi su
khac nhau vé phuong phap xtt 1y miu va
phuong phap phan tich cua cac nghién clu.
Trén thuc té, ham lwong BDE-99 va BDE-209
trong mau SRM 2585 ciing c6 su dao dong 16n
gilra cac nghién ctru khac nhau (Bang 1). Ham
lugng BDE-99 va BDE-209 trong mau SRM
2585 cua nghién ctru nay nhin chung nam trong
khoang gia tri cua cac cong b trude day. Hon
nita, két qua cua ching t61 c6 do 1ap lai tuong
duong hodc t6t hon so véi mot sd nghién
ctru khac.

Bang 1. So sanh ham luvong BDE-99 va BDE-209
(ng/g) trong mau bui SRM 2585 dugc phén tich boi
cac nghién cuu khac nhau

TLTK BDE-99 | BDE-209
Gid tri chimg 892+53 | 2510+ 190
nhan

Nghién cundy | 98038 | 2800 * 67
6] 902109 | 2610 £ 170
6] 784+57 | 2380 % 310
6] 920+ 24 | 2380 * 250
[7] 1000 + 120 | 3400 * 450
8] 68086 | 2480 % 500

3.4. Két qud phan tich mdu thuc té

Phuong phap phan tich sau khi dugc tham
dinh théng qua do thu hdi ciia PBDEs trong
mau thém chuin va d6 chinh xdc trén miu
chuan SRM 2585 da duoc ap dung dé phan tich
mot s& mau bui thuc té thu thap tai khu vuc d6
thi trung tdm ¢ Ha Noi. Ham lugng PBDEs
tong dao dong tir 83 dén 1200 ng/g (trung vi
380 ng/g, trung binh 560 ng/g). BDE-209 c6
ham luong cao nhit, dao dong tir 72 dén 1000
(trung vi 320, trung binh 520) ng/g. BDE-209
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chiém ti 1¢ tir 83% dén 96% (trung binh 86 *
9%) ctua ham luong tong PBDEs. Két qua nay
phan anh ngudn gbc chu yéu ciia PBDEs trong
moi truong bui & khu vue nghién ciru la cac san
pham c6 chtra hdn hop deca-BDE thuong mai.
Cac PBDEs c6 ham luong déng ké khac bao
gdm: BDE-207 (12,0 + 8,0), BDE-206 (12,0
7,4), BDE-208 (6,9 = 5,4), BDE-183 (1,40 *
0,86), BDE-99 (0,83 + 1,20), BDE-47 (0,53 *
0,91) va BDE-153 (0,53 + 0,46) ng/g. Day déu
1a cac thanh phan chinh cta cac hdn hop deca-,
octa- va penta-BDE thuong mai.

V6i mdi dot phan tich mau thyc té gdbm 1
mau tréng va 5 mau bui, néu st dung k¥ thuat
chiét c¢6 dién Soxhlet thi can it nhat 2 ngay (bao
gom thoi gian chuan bi bd chiét, chiét miu
trong 18 dén 24 h va c6 dic dich chiét) va
khoang 1.5 dén 2 L dung méi. Trong khi do,
néu st dung phuong phap chiét siéu am, thoi
gian chiét 6 miu (chlet lap 2 lan, thoi gian li
tam, c¢6 dac dich chlet) thi mat khoang 3 dén4h
(ntra ngay lam viéc) va chi can khoang 200 mL
dung mdi. Nhu vy phuong phap chlet siéu am
c6 thé rat ngin thoi gian chudn bi mau dén 4
lan va luong dung mdi dén 10 lan so véi
phuong phap chiét Soxhlet, trong khi vin dam
bao dugc hiéu qua chiét PBDEs trong mau bui.

4. Két luan

Nghién ctru nay da dua ra mot phuong phap
phan tich don gian, nhanh va chinh xéc cac chat
chéng chay PBDEs trong miu bui trong nha &
mirc ham luwong ppb dén ppm. Bing viéc sir
dung k¥ thuat chiét sidu am truc tiép véi simg
phat siéu am, thoi gian chiét va lugng dung moi
chiét da dugc giam di dang ké so véi cac
phuong phap chiét truyén thong nhu
Soxhlet/Dean-Stark. Phuong phap phan tich da
dap ung duoc yéu cau vé do chon loc, do dang,
d6 lap lai va gioi han phat hién. Quy trinh phan
tich sau khi thim dinh d& duoc ap dung dé phan
tich mot s6 mau bui thu thap tai khu vuc d6 thi
& Ha Noi. Két qua phan tich cho thdy PBDEs
duoc phat hién trong tat ca cac mau & mac ham
luong tir 83 dén 1200 ng/g. Trong d6 BDE-209
1a chét c6 ham lugng cao nhét, chiém ti 1¢ 83%
dén 96% ham luong tong PBDEs.
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tai trg cho nghién ctru nay.
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