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SUMMARY

POLYBROMINATED DIPHENYL ETHERS IN HOUSE DUST FROM URBAN
AREAS IN HANOI: ANALYSIS AND ASSESSMENT

Brominated flame retardants (BFRs) were examined in house dust from the urban areas of Ha Noi

capital. The concentrations of polybrominated diphenyl ethers (PBDEs) were in the range of 33,46 -
4251,79 ng/g. The presence of BDE-203, as well as the BDE-196 to BDE-1977 and the nona-BDEs to
deca-BDE ratios in the dust samples from the studied areas were probably indicative of environmental
degradation of deca-BDE. The estimated daily intakes (EDIs) of average adult via house dust ranged
from 2,0.10”° to 2,09. 107 for BDE-209 and from 8,0.107° to 9,72.107 mg.kg.b/w.day for X 10 PBDEs.
Assessment of the risk of non-cancer diseases with neurobehavioral effects and of cancer with

neurobehavioral effects in home was notably below threshold values (non-cancer: 1,00 and cancer:

1,00.10°°). In conclusion, people had no harmful effects in the currently existing levels of indoor dust

PBDEs in home.
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1. MO PAU

Chat chéng chay brom (BFRs) bao gom
polybrominated diphenyl ethers (PBDEs),
polybrominated biphenyls (PBBs),

hexabromocyclododecanes (HBCDs) va nhiéu
BFRs
ethane

méi  khac nhu decabromodiphenyl
(DBDPE), 1,2-bis-(2,4,6-
tribromophenoxy) ethane (BTBPE),
pentabromoethylbenzene (PBEB)[1, 2], este
brominated phthalate da dugc ap dung rong rai
trong cac san phim tiéu ding khac nhau dé
giam nguy co hoa hoan [3]. Trong sb cac BFRs
dugc st dung phé bién hién nay, tetra- dén
hepta-BDEs, deca-BDE, hexabromobiphenyl
va HBCD duoc xem la chit hitu co kho phan
huy (POP) theo Coéng udc Stockholm bai vi
murc d§ doc tinh, tich lily sinh hoc va kha ning
phat tan rong rai [4, 5]
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Mot s6 nghién ctru dd cho thiy ham lwong
PBDE:s cao trong bui nha tir cac khu vuc khac
nhau trén thé gidi [6, 7] co 1& 1a két qua cua su
phat thai PBDEs tir cac san pham gia dung va
hép thu boi bui nha, mic du cac co ché chuyén
giao khong rd rang. Mot nghién ciru gan day
dugc thuc hién boi Huwe va cong su [8] da
chi ra rﬁng PBDEs trong bui c¢6 hoat tinh sinh
hoc, va chi ra mirc 46 phoi nhiém PBDEs cuia
con nguoi thdong qua byi nha. Trén thuc té, mot
$6 nghién ciru da chi ra sy xdm nhdp cia bui
nha 1a con duong tiép xitic chinh ciia con nguoi
v6i PBDEs [9, 10], cu thé mdi lién hé giita
néng do PBDEs trong bui nha va sita me¢ cua
phu nit séng & Boston theo quan sat cia Wu va
cong sy [11]. O Vuong qudc Anh, bui nha da
duoc tim thdy 1a tic nhan chinh giy phoi
nhiém cho con nguoi ddi voi BDE-209, mac



du dong gop nhd cia nd cho cac PBDE khac.
Tai Viét Nam, PBDEs da dugc phat hién trong
dat, trdm tich, moi truong khong khi, thyc vat
va tham chi trén ca co thé ngudi. Cac nghién
clru gan day cho thay rang, ngudn phat thai cac
PBDEs c6 thé tir viéc xir 1y va tai ché rac thai
dién t, rac thai do thi. Ngoai ra, co y kién cho
rang nong d6 PBDEs trong mdi truong c6 mdi
lién h¢ chat ché voi mirc do d6 thi hoa. Tuy
nhién, cac nghién ctru vé su ¢6 mat cua PBDEs
trong bui & khu vyc thanh thi Viét Nam van
con han ché.

Do tic dong tiém tang cua ching dbi véi stic
khoe con nguoi, dic biét la ddi véi nhiing
nguoi tré tudi, bui nha va phoi nhiém 14 moi
quan tdm cap bach. Trong nghién ctru ndy, cac
mau buyi trong nha tai mot s6 dia diém khac
nhau & Ha Noi dugc tién hanh thu thap, phan
tich nham dénh gia nong d6 va dic trung tich
liy cua PBDEs bén canh d6 nguy co phoi
nhiém PBDEs trong bui nha ciing dugc xem
X€t.

2. THUC NGHIEM

2.1. Héa chit va thiét bi

Cac dung moi: Methanol, acetone, hexane,
dichloromethane déu thudc loai tinh khiét dung
cho HPLC va GC/MS cua Merck. NaCl,
Na,SOs, HySO04 v6i d6 tinh khiét > 99,5% ciia
Merck va nudc deion véi d6 dan 18,2 MQ/cm.

Dung dich chdt chudn goc: Trong nghién ciru
nay, ching t6i tip trung vao cac hop chat
polybrominated diphenyl ethers sau: BDE-28,
BDE-47; BDE-99; BDE-100; BDE-153; BDE-
154; BDE-196; BDE-197; BDE-203; BDE-
209. Nhirng chuan gbc trén dugc cung cap boi
Sigma-Aldrich, cac dung dich chuan trung gian
va chuan lam viéc duoc pha trong dung méi n -
hexane, hoac nonane.

Thiét bi st dung cho phan tich dinh lugng cac
PBDEs la sic ky khi ghép ndi khdi phd
GC/MS (QP-2100 Plus, Shimadzu, Japan).

2.2. Thu thip miu bui

Miu bui ling trong nha dwoc lay & cac vi tri:
canh quat tran, quat dimg, mang chan byi &
diéu hoa, ndc tu, bui dudi gém ban, gﬁm sofa,
gam givong. Mau bui duge 1dy bang may hut
bui. Cac miu duoc loai bo cac phﬁn thé nhu
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tdc, rac, ni 1ong, ... Sau d6 dugc dugc ray qua
rdy 250 pm/m va bao quan bang gidy nhom,
boc ngoai bang tui zip polyethylene.

2.3. Phan tich miu

Méu bui (1 g) dugc thém chit dong hanh
(monoflo FBDE-15, -99, -183, -208, va 13Cj»-
BDE-209) va chiét siéu am lap lai hai 1an véi
10 mL dichloromethane mdi lan. Cac phéan
dich chiét dugc gop lai, c6 quay va chuyén
dung moi n-hexan. Dich chiét dugc xir Iy véi
acid sulfuric 98% va lam sach trén cgt thuy
tinh chira 3 g silica gel (da duogc hoat hoa 3 gio
6 130°C) va | g natri sunfat khan. PBDEs dugc
rira giai tir cot silica gel bang 80 mL hdn hop
diclometan/hexan (5:95, v/v). Dich rtra giai
dugc ¢d ddc va thém chit ndi chuan FBDE-154
trude khi phan tich trén GC/MS.

Cac hop chit PBDEs duogc tach trén c¢ot mao
quan silica (DB-5ht, 15m x 0,25mm x 0,1mm,
Agilent Technologies) véi khi mang 1a Helium,
nhiét d6 cong bom dugc dit & 260°C. Chuong
trinh nhiét d§ s dung nhim tach cac PBDEs
gdm cac giai doan sau: nhiét d6 ban dau cua 10
la 135°C va giir trong vong 2 phut, sau d6 nhiét
d6 10 duge nang 1én 295°C véi tc do gia nhiét
& cac giai doan lan lwot 1a 10°C/phut (135-
215°C); 5°C/phut (215-275°C) va 20°C/phat
(275-290°C), cubi cung nhiét d6 16 dugc ting
dén 300°C v6i toc do gia nhiét 1a 20°C/phut va
giit trong vong 4 phat. Pau do khdi phd duoc
van hanh & ché d6 mode ion hoéa 4m (ECNI)
v6i nhiét do interface va ion source duge thiét
lap lan luot & 310 va 250°C, ché do lam viéc
theo doi ion (SIM). Sy lya chon cac ion theo
doi da dugc dé cap mot phan ¢ Hites (2008), &
nghién ctru nay 12 ion dugc lya chon theo doi
bao gdbm m/z = 79/81; 158.8/160.8 (Br va
HBry cho tit ca cac hop chit); 4065.6/408.6
(CeHBrsO- va  CeBrsO- , cho hepta- dén
decaBDEs), 426.5/428.5 (C¢FBr4O, for FBDE-
208) va 496.6/498.5 ('3C¢BrsO-, cho "*C),-
BDE-209).

Do thu hdi cia cac chit dong hanh dao dong
trong khoang 70 dén 97%. Giéi han phat hién
phuong phap (MDL) cta BDE-28, -47, -99, -
100, -153, -154, -196, -197 1a 10 ng/ml, BDE-



183 la 16 ng/ml, BDE-206, BDE-207 1a 25
ng/ml, va BDE-209 c6 gia tri 250 ng/ml.

2.4. Phan tich thong ké va danh gia mirc do
rui ro

Phan tich thong ké dugc thyc hién bang phan
mén Microsoft Excel (Microsoft Office, 2010)
va Minitab 16® Statistical Software (Minitab
Inc.). Nong d6 cua cac hop chit khong duoc
phat hién dugc coi la khong. Phéan tich cym
phan 16p HCA duoc sir dung nhim so sanh
muc do PBDEs ¢ cac vung khac nhau. Trong
nghién ctu nay, cac chi sé nhu ham luong
PDBE:s hép thu vao co thé hang ngay DI, nguy
co mic cac bénh 1y (khong ung thu) HQs va
nguy co ung thu Rs dugc tinh toan va danh gia.
Chi sb DI duge xéac dinh theo dé xuét tir Besis
va cong su [12].

Dly; (ng kg bwmgay) = (CXIEFXIRXAB)(BW)
M ‘

Trong do: C 1a nong d¢ X 10 PBDEs trong bui
& cac dia diém nghién ctru; EF 1a ti 16 phan
tram thoi gian & tai nha; IR va AB la toc do
trung binh hit bui va kha ning hip thu PBDEs
trong co thé ngudi. BW 1a trong luong trung
binh cta co thé. Chi sé IEF trong nghién ctru
nay khoang 0,667 twong Uing voi thoi gian &
trong nha 1a 16 gid. Theo nhu cong bd cua
“Child-specific Exposure Factors Handbook”
(US EPA, 2008), nguoi truong thanh dua vao
co thé khoang 30mg/g bui nha. Téc d6 hip thu
khoang 0,508 cho tri dén nona-BDEs va
khoang 0,139 d6i véi BDE-209 (Yu et al.,
2013) [13]. BW la 70kg va 56 kg tuong ung
cho cho dan 6ng phu nit trudng thanh. Nguy co
méc cac bénh vé than kinh va ung thu do hip
thu bui nha vao trong co thé ciing dugc ddnh
gia trong nghién ciru nay nhu sau:

CID = (DI x EF x ED)/(AT x 365) 2)

HQ = CID/RfD 3)
R=CID x SF 4
Mtec dd rui ro dén con nguoi dugc tinh toan
thong qua phuong trinh theo dé xuét ciia Lim
va cong sy (2014) [14]. O day EF la tan suat
tiép xtc mbi nam (ngay/nim) va duge xac dinh
khoang 220 ngay/nam trong nghién clru nay,
ED la thoi gian tiép xtac (nim) dugc tinh toan
gia dinh khoang 40 nam, va AT la gia tri trung
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binh cua tudi tho (76,43 va 82,82 nim twong
{mg 1an luot véi nam va nit). Liéu tham chiéu
cho tiép xic min tinh bang miéng (RfDs) cua
BDE-47, -99, -153, va -209 1a 0,0001; 0,0001;
0,0002 va 0,0007 mg/kg/ngay dugc cung cap
boi hé thong thong tin rii ro tich hop (IRIS)
US EPA. Hé s6 yéu t6 ung thu cho miéng
BDE-209 1a 0,0007 trén mg/kg/ngay (US EPA,
2008).

3. KET QUA VA THAO LUAN

3.1. Nong do PBDEs

Hinh 1 di tom tit va thong ké ham luong
PBDEs trong mau bui thu thap tir cac dia diém
thé thdy rang,
polybrominated diphenyl ethers dugc phat hién

nghién cou. Co cac
& tit ca cac mau bui, voi khoang ndng d6 dao
dong tir 33,46 — 4251,79 ng/g. Hinh 1 cho thay
khoang dao dong ham lugng cta cac loai BDE
trong mau bui duoc nghién ciru ¢6 su khac biét
1& rang. Cu thé cac loai BDE -100, 153, 154,
196, 197 va 203 dao dong trong khoang < 10
ng/g. Bac biét dang chu y trong cac loai BDE
theo ddi, ham lugng BDE-209 chiém phan
tram 16n nhét, cu thé % ham lvong BDE-209
trong 10 PBDEs dao dong tir 83,55 - 94,54 %
(hinh 2). Nguyén nhan c6 thé 1a do hdn hop
deca-BDE (BDE-209) 1a mét trong nhiing chat
chbng chay dugc st dung va thuong mai hoa
nhiéu nhit trén toan thé giéi (Birnbaum va
Staskal, 2004).

Bén canh viéc thong ké khoang dao dong cua
cic loai PBDEs trong miu bui nha, trong
nghién ciru nay thudt toan phan tich cum phan
16p (HCA) ciing dugc str dung nham danh gia
su khac nhau ciia ham luong tong va timg dang
BDE c¢6 trong cac khu vic nghién ctru. Két qua
phan tich da bién duoc thé hién ¢ hinh 2 va
hinh 3. C6 thé thay rang 25 vi tri lay mau dugc
chia thanh 6 nhom trong d6 ham lugng 10
PBDEs dugc sip xép theo chiéu ting dan lin
luot 1a G5 < G4 < Gl < G3 < G2 < G6. Su
khéc biét nay phan anh mirc d6 6 nhiém cua
PBDEs trong méi trudng co lién quan dén qua
trinh d6 thi hoa & Ha Noi.

Ham luong £10 PBDE trong cac mau bui nha
cua nghién cru nay tai 5 nhom (G1-G5) thip
hon so véi nhitng miu bui & khu vuc chau Au



(dao dong tur 16,2 - 1636 ng/g) da dugc quan
sat bdi cac nhom nghién ciru cua Karlsson;
Regueiro va Harrad [15, 16],[17]. Céac gia tri
PBDE cuia nghién cuu hién tai cling cao hon so
v6i cdc bao cdo & mot sb khu vire chau A khéc
cu thé 1a Kuwait va Singapore v6i khoang
nong do trung binh tuong tmg lan luot 14 150
va 2900 ng/g [18],[19].
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Hinh 1. Phdn bé ham lwong ciia cdc BDE tai
cac dia diém ldy mau tai Ha Noi.
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Hinh 2. Ham luwong X 10 PBDEs va BDE-209
& trong cdc mau bui nha.
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Khoing cach

Hinh 3. Mirc d§ tiong dong vé ham lwong va
thanh phéan céc PBDE & cdc vi tri ldy mau.
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3.2. Panh gia mic d§ rai ro cia PBDEs co
trong bui nha

Trong nghién ctru ndy mirc d6 phoi nhiém véi
PBDE:s ¢6 trong bui cua cu dan tai khu vuc léy
méu da dugc danh gia thong qua cac chi sd DI,
HQs va Rs. Két qua tinh toan mé phong duoc
thé hién ¢ bang 1.

C6 thé nhén thiy cac gia tri DI & 6 nhom khu
vue déu thap hon 1 mgkgb/w/ngay (Ia mirc
thap nhét c6 anh huong xau (LOAEL)vduoc dé
xuit boi Darnerud (2001)) [20]. Mot didu can
luu y d6 1a gia tri DI trong nghién ctru nay
dugc udce lugng bao toan boi vi kha ning tiép
can sinh hoc ctia PBDEs dugc stt dung lam
thude do tde do hap thu trong dudng rudt. So
sanh vai cac gia tri DI cac nghién ciru trude
day khoang 530 va 426 pg.kg b/w.ngay tuong
tmg lan luot trong cong bd cua Zhu et al.
(2015) [21] va Li et al. (2015)[14]) thi gia tri
DI trong nghién ctru nay thap hon nhiéu béi vi
toc do hap thu duoc gia dinh 1a kha nang tiép
can sinh hoc PBDE thay vi xem nhu bing 1 &
céc cong bd trude.

Gia tri danh gia mac d9 rii ro gdy nén céc
bénh 1y (khong phai ung thu) khi tiép xic véi
PBDEs ¢6 ¢ bui nha (HQ) cua BDE- 47, -99, -
153 va -209 nim trong khoang 4,09.10% -
7,57.10° va 4,72.10°® - 8,73.107° twong ng véi
nam va nit. Cac gia tri HQ nay déu nho hon 1,
diéu nay chi ra rang viéc tiép xuc véi bui chira
BDE khéng phai 1a nguyén nhan giy ra cac
bénh 1y dbi véi cac cu dan tai dia diém 14y mau
[22].
nghién ctu trudc day da bao cao gia tri HQ

Gidng nhu nghién ciu hién tai, cac
thdp hon nhiéu so véi ngudng 1,00 (Li et al.,
2015; Zhu et al., 2015). Zhu va cong sy. (2015)
dé xudt ring cac gia tri HQ thap nay (c6 d6 16n
dudi gia tri téi han it nhat 100 1dn) 12 mot ddu
hiéu phoi nhiém an toan va chép nhan duoc
v6i bui trong nha PBDEs thong qua dudong ho
hép va tiéu hoa.

Theo nhu d& xudt cua IRIS EPA Hoa Ky,
BDE- 209 14 loai PBDEs duy nhat c6 mbi lién
quan dén nguy co ung thu & ngudi véi cac tac
dong vé hé than kinh. Trong nghién ciru cua
chung t6i, chi s nguy co ung thu Rs cho cu
dan khi tiép xuc véi BDE-209 thong qua



dudng ho hap va tiéu hoa 1a < 1,0.10° [23]. Do
d6, viéc phoi nhiém ctia ngudi dan tai cac khu
vuc thu nhan miu dugc coi 1a & mirc khong co

kha nang gy ung thu voi cac anh huong vé hé
than kinh.

Bdng 1. Ddnh gid mé phong vé nguy co sirc khée ciia PBDEs déi véi cur dan tai khu vuee ldy mdu

Nhém
Gt | G2 | G3 | G4 | G5 | Gé6
Luwogng dwa vio co thé hang ngay (DI)
Nam (mg.kg.b/w.ngay)
BDE-209 1,0.10°% 1,4.10°% 1,4.108 5.5.107 2,0.107 1,67.107
> 10 PBDEs 4,0.10® 6,1.108 5,3.10°8 2,2.10°% 8,0.107 9,31.107
Nir (mg.kg.b/w.ngay)

BDE-209 1,3. 108 1,7. 10 1,8. 10 6,9.10° 2,50.107 2,09. 107
> 10 PBDEs 5,0.10°% 7,7.10% 6,7.10% 2,7.10% 1,0. 108 9,72. 107
Nguy co' mit cac bénh khong ung thu (HQs)

Nam
BDE-47 6,68.107 6,45.107 8,12.107 | 1,15.10°° 7,56.107 9,59.107
BDE-99 2,64.10°¢ 2,85.10° 3,04.107 | 8,39.107 3,97.107 1,70.10°¢
BDE-153 1,04.107 9,79.10°% 6,2.10° 3,27.107 5,36.10® 4,09.10°®
BDE-209 4,67.10° 6,37.10° | 6,47.10° | 2,49.10°¢ 9,0.107 7,57.10°
Nir
BDE-47 7,70.107 7,44.107 | 9,37.107 | 1,33.10° 8,73.107 1,11.10°¢
BDE-99 3,04.10°¢ 3,29.10° 3,51.107 | 9,68.107 4,58.107 1,97.10°¢
BDE-153 1,21.107 1,13.107 | 7,15.10® | 3,77.107 6,18.10°% 4,72.10°
BDE-209 5,39.10¢ 7,34.10° | 7,46.10° | 2,87.10° 1.04.10°¢ 8,73.107
Nguy co ung thu (Rs) BDE-209
Nam 2,29.1012 3,12.1012 | 3,17.1012 | 1,22.1012 4411018 3,71.10°!
Nir 2,64.10712 3,60.1012 | 3,66.1012 | 1,41.10"2 5,09.10°13 4,28.10°!
4. KET LUAN 1. Abbasi G. (2016) Product screening for

Nghién ctru nay thuc hién danh gia ham lugng
PBDESs trong mau bui nha tai mot khu vuc noi
thanh Ha Noi. Cac khu vuc léy mau duoc chia
lam 6 nhom thong qua thudt toan HCA vdi
mirc néng d6 cua PBDEs c¢6 su khac biét nhau
0 rang, trong d6 ham lugng £ 10 PBDEs tang
dan theo thir ty 1a G5 <G4 < G1 <G3 < G2 <
G6. Bén canh d6 muc d¢ anh hudng cua
PBDEs c6 trong bui dén sirc khoe con ngudi
cung dugc xem xét va danh gia mdt cach tuong
d6i. Két qua cho thiy voi khoang ndng do
trong cdc mau nghién ciru thi khong c6 nguy
co anh huong dén stc khoe cua cac cu dan tai
khu vyc nghién ctu.

LOI CAM ON

Nghién ctru nay dugc tai tro boi Vién Han 1am
Khoa hoc va Cong nghé Viét Nam theo dé tai
mi s “TDPCCC.02/18-20".
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