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Abstract: Polybrominated diphenyl ethers (PBDES), decabromodiphenyl ethane (DBDPE), and
1,2-bis(2,4,6-tribromophenoxy)ethane (BTBPE) are typical brominated flame retardants (BFRS),
which were widely added to polymeric and textile materials to meet fire safety requirements.
PBDEs (including commercial penta-, octa-, and deca-BDE mixtures) have been classified as
persistent organic pollutants (POPs) under the Stockholm Convention, while DBDPE and BTBPE
are PBDE replacements. In the present study, concentrations of PBDEs (major congeners of
technical PBDE mixtures such as BDE-28, 47, 99, 100, 153, 154, 183, 197, 207, and 209), DBDPE
and BTBPE were simultaneously analyzed in settled dust samples collected from e-waste and
end-of-life vehicle (ELV) processing areas in Northern Vietnam. The dust samples were extracted
using an ultrasonic processor and subsequently by acetone and acetone/hexane (1:1) mixture for
10 min each time. The dust extract was treated with concentrated sulfuric acid and activated silica
gel to remove interferences. BFRs were analyzed by using gas chromatography/mass spectrometry
(GC/MS) equipped with a DB-5ht column. The mass spectrometer was operated at electron
capture negative ionization (ECNI) and selected ion monitoring (SIM) mode. Concentrations of
total PBDEs, DBDPE, and BTBPE ranged from 77 to 240,000 (median 6000), from <20 to 240,000
(median 5500), and from <10 to 9200 (median 160) ng/g, respectively. Concentrations of BFRs in the
e-waste dust were significantly higher than those measured in the ELV dust, suggesting e-waste
processing activities as potential sources of BFRs in the dust. Among the BFRs analyzed,
BDE-209 and DBDPE were the most predominant compounds, implying intensive application of
deca-BDE mixtures and alternative formulations.
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Phan tich ham luong va danh gid 6 nhiém céac chat chong chay
brom hitu co (PBDEs, DBDPE va BTBPE) trong mau bui lang
tai khu vuc xur 1y rac thai dién tir va phuong tién giao thong
& mién Bic Viét Nam
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Tém tit: Polybrom diphenyl ete (PBDESs), decabromdiphenyl etan (DBDPE) va
1,2-his(2,4,6-tribromophenoxy)etan (BTBPE) la cac chat chdng chdy brom hiru co (BFRs) dlen
hinh, duoc str dung rong rai trong cac vat liu polyme va vat li¢u dét dé dam bao cac yéu ciu vé an
toan phong chay. PBDEs (bao gom cac hon hop thuong mai penta-, octa- va deca-BDE) dugc liét
ké vao nhom céc chat 6 nhidm hitu co kho phan hiy (POPs) ciia Cong wéc Stockholm, trong khi
d6 DBDPE va BTBPE duoc coi 1a nhimg chit thay thé cho PBDEs. Trong nghién ctru nay, ham
luong clia cac PBDEs (bao gdm céc cu tir 1a thanh phan chinh ciia hdn hop PBDEs thwong mai:
BDE-28, 47, 99, 100, 153, 154, 183, 197, 207, 209), DBDPE va BTBPE dugc phan tich dong thoi
trong mau bui ling thu thap tai mot s6 khu vure tai ché rac thai dién tir (e- waste) va phuong tién
giao théng hét han st dung (ELV) ¢ mién Bic Viét Nam. Mau bui duoc chiét bang phuong phap
chiét siéu am tryc tlep lan luot voi axeton va hdn hop axeton/hexan (1:1), mdi lan chiét trong
10 phut. Dich chiét mau bui duoc xu ly bang axit sunfuric déc va silica gel hoat hoa dé loai bo cac
tap chat. Cac BFRs duoc phan tich trén hé thong sic ky khi khdi phd (GC/MS) vai cot tach
DB-5ht. Khéi phd ké dugc van hanh & ché d6 ion héa 4m bit giit dién tir (ECNI) va ché do quan
sat chon loc ion (SIM). Ham luong PBDEs, DBDPE va BTBPE dao dong tir 77 dén 240000
(trung vi 6000), tir <20 dén 240000 (trung vi 5500), va tur <10 dén 9200 (trung vi 160) ng/g, tuong
tng. Ham luong BFRs trong cac mau bui tai khu vyc tai ché rac thai dién tir 16n hon dang ké so
v&i mau bui tai khu vuc thao d& ELV, cho thay hoat dong tai ché e-waste 1a nguon phat thai dang
ké BFRs trong buyi. Trong s6 cic BFRs dugc phan tich, BDE-209 va DBDPE c6 ham lugng cao
nhét, phan dnh sy 4p dung rong rai ciia hdn hop deca-BDE thuong mai va cac cong thirc thay thé.

Tir khéa: PBDES, DBDPE, BTBPE, bui lang, xir 1y rac thai.

1. Mé& dau dugc sur dung trong cac nganh san xuét nhua,
s ) . dét may, dién ti va nhiéu nganh cong nghiép
Chat chong chay (flame retardants, FRs) la khac do ching c6 kha ning Grc ché hodc lam
cac hoéa chat dugc thém vao vat liéu polyme va cham su lan rong cia dam chay [1]. Cac FRs
dugc chia thanh 2 nhom chinh: cac hop chat vo
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este; cac hop chit chtra clo, brom hodc déng
thoi clo va brom; cac hop chat chia nito) [2].

Chat chéng chay brom hitu co (brominated
flame retardants, BFRs) dugc sir dung phd bién
nhit 1a polybrom diphenyl ete (PBDES),
hexabromcyclododecan (HBCD) va
tetrabrombisphenol-A (TBBP-A). Trong giai
doan 1970-2005 tong lugng PBDEs dugc san
Xuat trén toan thé gidi udc tinh lén dén
1,3-1,5 triéu tin [3]. Viéc liét ké PBDEs trong
danh sach cac chit 6 nhiém hiru co kho phéan
huy (persistent organic pollutants, POPs) can
phai loai bé theo Cong wéc Stockholm 1a tién
dé cho su san xuét va su dung cua cac chét
BFRs thay thé, dién hinh 1a decabromdiphenyl
etan (DBDPE) va 1,2-bis(2,4,6-
tribromphenoxy) etan (BTBPE) [4]. Cong thuc
cdu tao cia PBDEs, DBDPE va BTBPE duoc
trinh bay trong Hinh 1.

Trong nghién ciru nay, ham lugng cua céac
chat chong chay brom hitu co cii va méi, bao
gém PBDEs, DBDPE va BTBPE duogc phan
tich ddng thoi trong cdc mau bui thu thap tai
cac khu vuc tai ché rac thai dién tir va phu0’ng
tién giao thong hét han sir dung & mién Bic
Viét Nam. Mau bui duoc chung t6i lya chon dé
nghién cttu vi nhiing 1y do chinh sau day:
i) Mau bui c6 thé d& dang thu thap, bao quan va
¢6 san & moi noi; ii) Bui c6 kha ning hip phu
cao va 1a ngudn tiép nhan nhidu nhom chat hitu
co khac nhau; va iii) Bui dugc danh gia la
ngudn phoi nhiém dang ké cac chat hiru co,
dién hinh 12 BFRs, & con nguoi. Mau bui duoc
chiét bang k¥ thuat chiét siéu am truc tiép. Dich
chiét mau bui duoc xir 1y bang axit sunfuric dic
va cdt sic ky chira silica gel hoat hoa dé 1oai bo
céc tap chat. Cac BFRs dugc tach va phan tich
trén hé thong siac ky khi khéi phd (GC/MS) véi
cot tach DB-5ht. Khoi pho ké dugc van hanh &
ché d6 ion héa am bét gitr dién tir (ECNI) va
ché d6 quan sat chon loc ion (SIM). Két qua
phan tich ham lugng BFRs trong mau bui s&
cung cép nhitng thong tin cép nhat vé su ton tai
ddng thoi cua cac BFRs dd bi cAm s dung
(PBDEs) va cac BFRs thay thé, dang dugc st
dung (DBDPE va BTBPE) lién quan dén céc
hoat dong tai ché rac thai & Viét Nam.

Br
Br | BTBPE LTS Can
/\/O\/\O/\/
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Hinh 1. Cong thirc cAu tao ctia PBDEs,
DBDPE va BTBPE.

2. Thwe nghiém
2.1. Thiét bi, hda chat

Mau bui dugc chiét bang thiét bi chiét siéu
am truc tiép VCX 130 (130 W, 20 kHz, Sonic
va Materials, Inc., USA). PBDEs dugc phan
tich trén hé thdng sic ky khi khdi phd tir cuc
GCMS-QP2010 Ultra (Shimadzu, Nhéat Ban).
Cot tach mao quan silica DB-5ht voi pha tinh
tuong duong 5% phenyl 95% metyl polysiloxan
(15 m x 025 mm x 0,10 pm, Agilent
Technologies, USA) duoc st dung dé tach cac
chat phan tich.

Dung dich chuan (BDE-28, 47, 99, 100,
153, 154, 183, 197, 207, 209, DBDPE va
BTBPE) va chit chuan danh dau dong vi
13C1,-BDE-209 duoc cung cip badi Wellington
Laboratories (Canada). Chat chuan danh déu flo
bao gdm FBDE-99, 168, 183, 208 dugc cung
cdp boi AccuStandard (USA). Cac chat
chuin FBDE-99, FBDE-183, FBDE-208 va
13C12-BDE-209 duoc st dung lam chat dong
hanh cua cac chat phan tich (dwoc thém vao
mau bui trude khi chiét va dung dé tinh toan
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ham lugng chat phan tich trong mau). Chat noi
chuan FBDE-168 duoc thém vao dung dich
méu trude khi phan tich trén hé théng GC/MS
dé danh gia d¢ thu hoi ciia cac chat dong hanh.

Céc dung moi va hoa chat tinh khiét phan
tich bao gom axeton, hexan, diclometan
(DCM), nonan, natri sunfat khan, axit sunfuric
98% va silica gel dugc cung cap boi Wako Pure
Chemical Industries, Ltd. (Nhat Ban). Natri
sunfat dugc nung & 400 °C trong it nhat 2 gio.
Silica gel dugc hoat hdéa ¢ 130 °C trong 3 gio.
Nuée cat duge s dung la nudc cat 2 lan da
duoc chiét v6i hexan dé loai bo cac tap chét
hitu co.

2.2. Thu thdp va chudn bi mdu bui

Cac mau bui dugc thu thap trong cac xudng
ti ché rac thai dién tir tai thon Bui, xa Cam Xa,
huyén My Hao, tinh Hung Yén (n = 5, ky hi¢u
mau EW-1 dén EW-5) va cic xudng thao d&
phuong tién giao thong hét han sir dung tai thon
Thuyén, xi Dinh Tri, thanh phé Bic Giang, tinh
Bic Giang (n = 5, ky hiéu miu ELV-1 dén
ELV-5) trong thang 9/2019. Hinh anh mo ta
hoat dong tai cac xudng xur 1y rac thai dugc thé
hién trong Hinh 2.

Hinh 2. M6 ta hoat dong xur 1y rc thai dién tir (a) va
phuong tién giao thong (b) tai khu vue nghién ctru.

Cac mau bui duge thu thip bang phuong
phap quét thu cong trén san va bé mat do noi
that, vat dung trong xudng voi chdi va xéng hot
khong 1am bang vat liéu nhya (vi du nhu chdi
rom, chdi 16ng thd, bia cimg) dé han ché anh
huodng cua cac phu gia co trong nhya. Tai moi
xudng, mot mau gop dai dién duoc thu thap va
chuyén vao phoi nhom kich thude 30 x 30 cm
(43 duogc trang rira bang dung méi), goi kin va
gilr trong tai polyetylen c6 khoa zip. Tai phong
thi nghiém, mau bui duoc riy qua sang bang
thép khong gi c6 khau do 250 um dé loai bo cac
di vat c6 kich thudc 16n va dong nhat va dé thu
duoc lugng bui cd 1 g du cho budc phan tich
dinh luong. Mau bui sau khi riy dugc chuyén
vao chai thay tinh (c6 nut nham thuy tinh) va
bao quan & nhiét d6 -20 °C dén khi phan tich.

2.3. Quy trinh xir Iy mau

Quy trinh phan tich dugc tham khao tir
nghién ctru trudc day cua ching t6i [5]. Khoang
1 g¢ mau duoc can trong 6ng thily tinh 50 mL va
thém chuén hdn hop chit dong hanh (FBDE-99,
183, 208 va 3C;-BDE-209) va dé can bang
trong 30 phat trude khi chiét. Mau duoc chiét
lan luot v6i 10 mL axeton trong 10 phdt, va
10 mL hdn “hop axeton/hexan (1:1) trong 10
phut. Sau moi lan chiét, éng chira mau dugc li
tam voi tbe do 3000 vong/pht trong 10 phat dé
tach dich chiét va bi rin. Cac phfm dich chiét
dugc hut bang pipet Pasteur va chuyén vao binh
ciu 50 mL. Dich chiét mau duogc c6 quay chén
khong va chuyén vao 5 mL hexan trong 6ng
thay tinh 10 mL trudc khi lam sach.

Dich chiét miu dugc tron véi 2 mL axit
sunfuric 98% trén may lic xody trong 1 phdt, li
tam véi toc do 3000 vong/phdt trong 10 phut va
hat bo 16p axit phia dudi bang pipet Pasteur.
Qua trinh xir 1y mau véi axit sunfuric duoc lap
lai thém 2 14n dén khi 16p axit khong con mau.
Dung dich mau sau d6 dugc tron véi 2 mL
nudc cat dé loai bo lugng axit du. Qua trinh rira
mau véi nudce ciing dugc 13p lai thém 2 lan. Cot
sdc ky thuy tinh (dai 30 cm, duong kinh trong
1 cm) duge chuin bi véi cac l6p hoa chét 1an
luot (ttr dudi 1€n trén) nhu sau: bong thuy tinh,
1 g natri sunfat, 3 g silica gel hoat hoa, 1 g natri
sunfat. Cot duoc lam sach bang 20 mL hexan,
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nap dich chiét miu va rira giai BFRs bang
30 mL hdén hop dung méi DCM/hexan (1:3).
Dich rira giai dugc thu vao binh cau 100 mL va
¢6 quay chan khong dén 1 mL. Dich chiét duoc
chuyén sang 6ng co dic va ¢ dudi dong khi
nito, thém chat ndi chuan FBDE-168 va chuyén
vao 100 pL nonan. Dung dich phéan tich (1 pL)
dugc tiém vao hé thong GC/MS dé tach va dinh
lugng cac BFRs.

2.4. Phan tich dinh luong tréen GC/MS

Cic BFRs duoc phan tich trén hé thdng
GCMS-QP2010 Ultra (Shimadzu, Nhat Ban)
vé6i detector khoi phé dang tur cuc. Cot tich mao
quan silica DB-5ht (15 m x0,25 mm x 0,10 um;
Agilent Technologies) dugc st dung dé tach
cic BFRs. Khi mang heli co téc do dong
1 mL/phdt. Nhiét d6 cong bom mau, bd phan
ghép ndi GC/MS va ngudn ion lan luot 1a 260,
310 va 250 °C. Chuong trinh nhiét d6 cta 10 cot
dugc cai dat nhu sau: 135 °C (gitt 1 phat), tang
dén 215 °C (10 °C/phat), ting dén 275 °C
(5 °C/phat), ting dén 295 °C (20 °C/phut, gitt
0,5 phat), taing dén 310 °C (20 °C/phit, giir
4 phut). Detector khéi phd dugc van hanh & ché
d6 ion hoa am bat giir dién tar (ECNI) st dung
metan 1a khi phan ung. Ché do quan sat chon
loc ion (SIM) duoc ding dé ghi nhén tin higu
do voi cac manh ion dinh lugng c6 m/z =
79,0/81,0  (Br), 158,8/160,8  (HBr2),
406,6/408,6 (CsHBr,O), 486,5/488,5 (CeBrsO).
Ham lugng BFRs dugc tinh theo phuong phap
ndi chuén.

2.5. Bam bao va kiém sodt chat lwong (0A/0C)

Madi 16 mau thuc té duge phan tich kém véi
mdt mau tring (dwoc chudn bi tir natri sunfat
khan) va mot mau bui thém chuén (nén mau bui
dai dién dugc tron tir khoang 20 mau bui thu
thap & Ha Noi va mot sé tinh mién Béc nim
2016, sau d6 dugc thém lugng chit chuin BFRs
v6i luong tuyét d6i dao dong tir 0,8 dén
16 ng/miu). Trong sd cac chat phan tich, c6 3
chat dugc phat hién trong mau tring bao gom:
BDE-47 (0,050 + 0,030), BDE-207 (0,080 *
0,030) va BDE-209 (0,40 = 0,10) ng/mau. Ham
luong cua cac PBDEs trong mau thyc té da
duoc hiéu chinh br:ing cach tror di ham Iuong

ctia chiing phat hién duoc trong mau trang. GiGi
han phat hién cua cac chét phan tich dao dong
tr 0,2 ng/g (BDE-28 va 100) dén 10 ng/g
(BDE-209 va DBDPE). D6 thu hoi ciia BFRs
trong mau thém chuan dao dong tir 70% dén
115%. D6 thu hdi ctia chit dong hanh trong cac
mau thuc t& dao dong tir 60% dén 125%. Do
léch chuan cia BFRs trong cac mau thém chuan
phan tich lap lai (n = 3) nhin chung déu <20%.
2.6. Danh gia rui ro

Liéu lugng hép thu hang ngay (DID,
ng/kg/ngay) cia cac BFRs tir bui dugc udce tinh
cho cac cong nhan tham gia hoat dong tai ché
e-waste va thao do ELV theo cong thuc sau:
DID = C x IR x TF / BW [5-7]. Trong d6 C la
ham lugng BFRs trong bui (ng/g); IR 1a tdc do
hép thu bui (0,05 g/ngay); TF 1a phan thoi gian
lam viéc trong ngay (8 gio/24 gid); BW la trong
luong co thé trung binh (60 kg). Liéu lugng hap
thy hang ngay dugc so sanh voi cac lidu lwong
tham chiéu (RfD). Téc d6 hap thu bui
0,05 g/ngay dugc tham khao tir SO tay hé sd
phoi nhiém (Exposure Factors Handbook) cuia
Cuc Bao vé moi truong Hoa Ky (US EPA)
(EPA/600/R-17/384F). Liéu luong tham chiéu ciia
cac chat duoc dua ra boi Hé thong thong tin rii ro
tich hop (Integrated Risk Information System) cta
US EPA (https://www.epa.gov/iris).

3. Két qua va thio luin
3.1. Ham lwong BFRs trong mau bui

BFRs dugc phat hién trong tat ca cic mau
bui tai 2 khu vyc nghién ciru véi ham luong
tong dao dong tir 77 dén 450000 (trung vi
18000) ng/g. Mtic ham lugng nay nhin chung
cao hon dang ké so voi gia tri do duoc trong céc
mau bui trong nha & khu vuc d6 thi tai Ha Noi
(trung vi 440, khoang 120-2400 ng/g) [6]. Cac
két qua nay cho thay hoat dong tai ché va xir ly
rac thai, didc biét 1a rac thai dién tu, 1a nhiing
ngudn phat thai dang luu y cia BFRs. Ham
luong cua téng PBDEs, DBDPE va BTBPE
trong cac mau bui tai khu vuc tai ché e-waste va
khu vyc thao do phuong ti€n giao thong dugc
trinh bay trong Hinh 3.
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Hinh 3. Ham lugng PBDEs, DBDPE
va BTBPE trong mau bui tai khu tai ché rac thai
dién tr (e-waste) va thao do phuong tién
giao thong (ELV).

Ham lugng PBDEs trong cac mau bui e-waste
(trung vi 29000; khodng 11000-240000 ng/g)
cao hon khoang 102 dén 10° 1an so v6i cac mAu
bui ELV (trung vi 460; khoang 77-1100 ng/g).
Ham lugng cua DBDPE trong ciac mau bui
e-waste nhin chung tuong duong voi PBDEs
(trung vi 23000; khoang 11000-240000 ng/qg).
Trong cac mau bui tai khu vuc thao d& ELV,
ham luong ciac BFRs méi tuong dbi thap.
BTBPE khong duoc phat hién trong bat ky mau
bui ELV nao (<5 ng/g) va DBDPE duoc tim
thdy trong 1 mau v6i ham luong 34 ng/g. Mic
dd 6 nhiém PBDEs trong mau bui e-waste cua
nghién ctu nay twong duong véi khoang ham
luong do dugc trong mau bui 14y tai khu vuc tai
ché e-waste ¢ Qingyuan, tinh Quang Déng,
Trung Qudc (trung vi 30100; khoang
9960-211000 ng/g) [7] va cac xudng thao d&
e-waste tai Canada (trung vi 120000; khoang
24000-270000 ng/g) [8]. Ham luwong DBDPE
trong cac mau bui e-waste clia nghién ctru nay
cao hon so v6i cac mau bui e-waste tai Trung
Qudc (trung vi 2720; khoang 669-15000 ng/g)
[7] nhung thdp hon cac miu tai Canada (trung
vi 41000; khoang 8000-390000 ng/g) [8]. Ham
luong BTBPE trong da sé cac mau bui e-waste
cia nghién ciu nay (trung vi 830; khoang
320-9200 ng/g) thap hon so voi cac mau tai
Canada (trung vi 3500; khoang 960-8900 ng/qg)
[8], tuy nhién khoang nf”)ng do BTBPE trong 2
nghién ctu la twong duong. Nhu vay, mic d6 6

nhiém BFRs trong miu buyi e-waste ctia nghién
clu nay tuong dbi cao va nam trong khoang
ham lugng phat hién trong linh vuc tuong tu &
Trung Quéc va Canada.

3.2. Ti l¢ cua cdc BFRs trong mau bui va ddanh
gid nguon phat thai

Ti 18 cac chat trong ham lugng BFRs tong
clia cac mau bui e-waste va ELV dugc thé hién
trong Hinh 4. BDE-209 1a chét chiém ti 18 cao
nhat (71 + 26%), tiép theo 1a DBDPE (25 +
27%). Hai chit nay chiém ti 1& 96 + 2% tong
ham luong BFRs trong cac mau bui. Trong sb
cac PBDEs con lai, cac chit co ti 18 dang chu y
la BDE-207 (2,2 + 1,9%), BDE-183 (0,51 +
0,35%) va BDE-99 (0,36 * 0,31%). BTBPE chi
chiém ti 1& nho trong ham lugng BFRs tong
(0,79 + 0,97%). Trong 2 nhom mau e-waste va
ELV, su khac biét rd rét nim & phan ti 18 cua
BFRs thay thé. DBDPE va BTBPE nhin chung
khong phat hién dugc trong cac mau byi ELV.

ELV-5
ELV-4
ELV-3
ELV-2
ELV-1
EW.S

ews |
EW-3
EW-1
EW-1
0% 20 a0k LI o 100
Tl 1 trong ham lromg t8ng BFRs
mBOE-28 BDE-4T BDE-22 BOE-100 m BDE-15% = DOE-154

WMADE-183 W ERE-197 WREDE-JOT WADE-200  HTAPE = DRDPE

Hinh 4. Ti 1& ctia PBDEs, DBDPE va BTBPE trong
mAu bui tai khu tai ché rac thai dién tir (e-waste)
va thao do phuong tién giao thong (ELV).

Ti 1& cao cia BDE-209 va cac chat lién
quan (nona-BDE va DBDPE) trong mau bui da
phan 4nh sy 4p dung rong rdi ctia hdn hop
deca-BDE thuong mai va cac cong thuc thay
thé deca-BDE (tiéu biéu 1a DBDPE) trong linh
vuc san xudt cac thiét bi dién, dién tir. Nhiéu
vat liéu polyme khac nhau tmg dung trong linh
vuc nay duoc bd sung PBDEs va DBDPE dé
lam giam kha ning bat chay, lam chiam chay
ctia cac thiét bi dién, dién tir. Sy c6 mat cua cac
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ddng loai véi s6 brom thap hon nhu BDE-183
va BDE-99 c¢6 thé lién quan dén 2 ngudn gbc:
i) Su 4p dung cua cac hon hop octa-BDE
(trong d6 BDE-183 chiém tir 13% dén 42%) va
penta-BDE thuong mai (trong d6 BDE-99
chiém tir 45% dén 49%) [9]; va ii) Su phan hiy
dudi tac dung ctia nhiét hodc 4anh sang dan dén
qua trinh debrom hoa cac PBDEs c6 phan tir
khéi 16n (dic biét 1a BDE-209) thanh céc
PBDEs c6 phan tir khéi thap hon [10]. Su ¢6
mat cia BFRs trong bui c6 thé dugc giai thich
dya trén 3 co ché: i) Su bay hoi tir san pham
chira BFRs va sau d6 ngung tu lai trén hat bui;
i) Sy tiép xtc va chuyén khdi truc tiép tir san
pham véi bui bam trén san pham; iii) Sy mai
mon ciia san pham va bo sung nhitng manh vun
vat liéu chira BFRs vao bui [11, 12]. Trong d6,
co ché (iii) duoc cho 1a nguyén nhan chinh dan
dén sy 6 nhiém BFRs, dic biét 1a cac chat c6
phan tir khdi 16n, trong bui tai khu vuc tai ché
rac thai, do céc tac dong co hoc trong qua trinh
thao d& thiét bi dién, dién tr da cung cap mot
nguon manh vyn vat liéu dang ké co mat trong
thanh phan cta bui.

3.3. Udc tinh sw phoi nhiém BFRs do nuét phdi bui

Lidu lugng hap thu hang ngay cua tong
BFRs trong bui c6 gia tri tr 0,043 dén
180 ng/kg/ngay. Cong nhén tai khu vue tai
ché e-waste c6 lieu luwong hip thu BFRs
(13-190 ng/kg/ngay) cao hon dang ké so
véi cong nhan tai khu vyc thao do ELV
(0,043-0,60 ng/kg/ngay). Liéu luong hap thu
hang ngay cua mot s6 chét cu thé nhu BDE-47
(0,0003-0,24 ng/kg/ngay), BDE-99 (0,0003-
0,26 ng/kg/ngay), BDE-153 (0,0003-0,13
ng/kg/ngay), BDE-209 (0,02-64 ng/kg/ngay) va
DBDPE (0,01-67 ng/kg/ngay) déu thap hon dang
ké so véi cac liéu luong tham chiéu (RfD) tuong
tng la 100, 100, 200, 7000 va 333333 ng/kg/ngay.
Nhu vdy, su phoi nhidm bui tai khu vuc tai ché
rac thai dién tir va phuong tién giao thong cia
nghién ctru nay khong dan dén nhiing rui ro strc
khoe nghiém trong lién quan dén cac BFRs.

Mic du phuong phap danh gia phoi nhiém
BFRs qua con dudng hap thy bui noi trén di
dugc 4p dung rong rdi trong nhiéu nghién ctru
trude day [5-7, 10], cac sb liéu vé liéu luong va

rai ro ude tinh duoc déu co dd khong chic chin
nhat dinh. Thir nhat, con nguoi co thé phoi
nhiém buyi thong qua 3 con dudng 14 an nudt, hit
tho va tiép xtic qua da. Viéc danh gid phoi
nhiém bui qua duong ho hip va qua da 1a tuong
d6i phic tap. Thir hai, nghién ciru nay chua xét
dén sy phoi nhidm buyi tir khong gian sinh hoat
(nha 6). Mat khac, mdi BFRs déu c6 kha ning
tiép can sinh hoc (bioaccessibility) khéac nhau
trong cac bd phan khac nhau cua co thé. Pa s6
cac nghién ciru déu dua trén gia thiét 100%
lugng BFRs phoi nhiém trén co thé déu c6 thé
bi hép thy, dan dén nhirng wéc tinh phoi nhidm
vuot qua muc do thyc té. Vi vy, can tién hanh
nhitng nghién ctru danh gia rui ro tong thé va
chi tiét hon dé c6 thé dua ra céc nhan dinh vé
tac dong ti€u cuc ciia BFRs trong bui dén stre
khoe con nguoi.

4. Két luan

Nghién ctru nay da cung cép nhiing thong
tin danh gia budc dau vé sy 6 nhiém BFRs, bao
gom PBDEs va cic chét thay thé PBDEs la
BTBPE (thay thé cho octa-BDE thwong mai) va
DBDPE (thay thé cho deca-BDE thuong mai)
trong mau bui ling lién quan dén hoat dong tai
ché rac thai dién tur va thao d phuong tién giao
thong & mién Bic Viét Nam. Két qua phan tich
cho thdy ham lugng PBDEs, DBDPE va
BTBPE cao hon dang ké & cac mau bui
e-waste, chirng to cac thiét bi dién t& 12 mot
ngudn phat thai dang cha ¥ cia cac chét chdng
chdy noi chung, dac biét 1a deca-BDE thuong
mai va cac chat thay thé. Mic du liéu luong hip
thu hang ngay cua PBDEs, DBDPE va BTBPE
tr bui van nam trong gi6i han cho phép, cac
nghién ctru tong thé hon vé sy phoi nhiém
BFRs can duge thuc hién trong thoi gian toi,
bao gdm cic ngudn phoi nhidm khac nhu hit
tho khong khi, tiéu thu thuc pham va tiép xuc
v6i cac san phim co chira BFRs.

Loi cam on

Nghién ctu nay dugc tai trg boi Truong
Pai hoc Khoa hoc Tu n}}ién, Pai hoc Quoc gia
Ha Noi trong dé tai ma s6 TN.22.06.
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