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SUMMARY
STUDY ON THE ANALYSIS AND CONCENTRATION ASSESSMENT OF
PHTHALATES, SILOXANES, AND POLYBROMINATED DIPHENYL ETHERS
IN SETTLED DUST SAMPLES FROM SOME AREAS IN NORTHERN
VIETNAM

Settled dust is a sink for semivolatile organic pollutants and serves as a significant source of human
exposure to these substances. Simultaneous analysis of multiple organic pollutant classes in settled dust is a
research topic of increasing interest. In Vietnam, studies on the co-occurrence of various groups of organic
pollutants in settled dust are still very limited. In this works, concentrations of 9 phthalates, 4 siloxanes, and
8 polybrominated diphenyl ethers (PBDESs) was analyzed in settled dust samples collected from some waste
recycling and urban areas in northern Vietnam. The dust sample was subsequently extracted with acetone
and acetone/hexane (1:1, v/v) using a focused ultrasonic processor. The extract was cleaned up using a
solid-phase extraction cartridge containing C18 sorbent (for phthalates and siloxanes) and silica gel (for
PBDES). The pollutants were analyzed by a gas chromatography mass spectrometry (GC/MS) system
operated in selective ion monitoring (SIM) mode. Phthalates, siloxanes, and PBDEs are common organic
pollutants detected in dust samples from urban areas and waste recycling areas in northern Vietnam.
Concentration ranges of phthalates, siloxanes, and PBDEs were 9200-109000, 240-5100, and 72-182000
ng/g, respectively. The analytical results showed that the e-waste recycling areas were potential sources of
PBDEs. Meanwhile, the contamination levels of phthalates and siloxanes did not differ significantly between
areas. Diethylhexyl phthalate (DEHP) was the most predominant phthalate and accounted for 23% to 87%
(average 63%) of total phthalates. For siloxane group, the proportions of substances decreased in the
order: D5 (average 41%, 22%-69%) > D4 (25%, 9%—-49%) ~ D6 (24%, 8%-39%) > D3 (10%, 3%-41%).
BDE-209 accounted for an average proportion of 93% of the total PBDEs. The relatively high
concentrations of PBDEs and phthalates in the dust samples from the e-waste workshops might lead to
considerable human exposure to these pollutants in recycling workers and residents of this area, suggesting
the need for proper monitoring and pollution control strategies.
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1. GIOI THIEU

Bui ling 13 mot thanh phan méi truong
dic biét c6 kha nang tich liy chat 6 nhiém
hiru co do ching c6 dién tich bé mat 16n
va dé dang hap phu cac chat tir khong khi
[1]. Ngoai vai tro 1a mot dbi twong chi thi
cho su 6 nhiém chat hiru co trong moi
truong, bui cling 1a mot ngudn phoi
nhiém cac chat doc hai trén co thé nguoi
thong qua cac con duong nhu nudt phai,
hit tho va tiép xac qua da [2]. Cac nghién
ctru trude day di tim thay cac nhom chat
6 nhiém hiru co c6 kha ning bay hoi trong
mau bui ling nhu polychlorinated
biphenyls (PCBs), hydrocarbon thom da
vong (PAHs), chlorinated paraffins, chat
chéng chay brom hitu co (BFRs, dién
hinh 1a polybrominated diphenyl ethers—
PBDEs), cac hop chat co photpho
(OPEs), cac hop chat flo hoa (PFCs), hoa
chit bao vé thuc vat, phthalates,
siloxanes, parabens, ... [3]. Cac chat 6
nhiém nay déu dugc st dung trong cong
nghiép, nong nghiép va c6 mat trong
nhiéu san pham tiéu dung, vat dung trong
gia dinh, sau d6 phat thai vao moi truong
khong khi va bui trong qué trinh str dung,
lwu giir, thai bo va tai ché cac san pham
c6 chtra chung [3].

Tai Viét Nam, mot s6 nghién cuu vé cac
chat 6 nhiém hitu co trong bui ling da
duoc thyc hién tir nhitng nam 2010 va da
tim thdy sy ton tai cia nhiéu nhém chat 6
nhiém hiru co nhu dioxins [4], PBDEs va
PCBs [5], phthalates va parabens [6],
siloxanes [7]. Cac nghién ctru nay da gop
phan phat hién mot sb ngudn phat thai ctia
chét hitu co, vi du nhu BFRs va OPEs tir
khu vyc xir 1y va tai ché rac thai dién tir
[5], PCBs va PAHs tir khu vuc thao do
phuong tién giao thong [8], hay cac chét 6
nhiém hiru co mdi nhu phthalates,
siloxanes va parabens tai khu vuc d6 thi
[6,7]. Cac nghién ctru nay di cung cip
thong tin vé nguy co phoi nhiém chat hiru

co tir bui lang véi liéu luong hép thu cao
hon dbi voi tré em va cong nhan lam viéc
tai khu vuc tai ché rac thai [4-8].

Trong nghién ctru nay, ham lugng cia 9
phthalates, 4 siloxanes va 8 PBDEs duoc
phan tich trong cac mau bui ling thu thap
tai mot s6 khu vuc & mién Bic Viét Nam.
Mau bui duoc chiét bang ky thuat chiét
siéu am truc tiép va lam sach qua cot sic
Ky v6i chat hip phu. Cac chat 6 nhidm
hitu co duoc phan tich trén hé thdng sic
ky khi ghép ndi khéi pho (GC/MS). Két
qua phan tich gop phan cung cap mot sO
thong tin cap nhat vé su c6 mat dong thoi
ciia 3 nhom chit ndy trong miu bui tai
khu vuc nghién ctru.

2. PHUONG PHAP NGHIEN CUU
2.1. Thu thap va chuén bi mau buyi

Cac miu bui dugc 1iy bang phuong phap
quét thu cong tai 3 khu vuc: (1) khu vye
tai ché rac thai dién tir (e-waste) tai huyén
My Hao, tinh Hung Yén (n = 5, ki hi¢u
EW1 dén EW5); (2) khu vuc thao d&
phuong tién giao thong hét han su dung
tai Bic Giang (n = 5, ki hiéu ELV1 dén
ELV5); (3) mot sb quén ndi thanh tai Ha
Noi (n = 5, ki hiéu UH1 dén UHS). Cac
mau bui dugc goi bang gidy nhom va giir
trong tGi zip polyethylene. Trudc khi
phan tich, mau bui dugc loai bo cac hat co
kich thudc 16n, rdy qua sang c6 khau do
100 pum, chuyén vao 6ng thuy tinh va bao
quan ¢ —18 °C.

2.2. Phuong phap phan tich

Phuong phép phén tich chat 6 nhiém hitu
co trong mau bui dugc tham khao tir mot
sd nghién ciu trude day [5-7]. DPdi voi
PBDEs, 0,5 g mau bui dugc thém hon
hop chat chuan dong hanh va chiét siéu
am lan luot véi acetone (10 mL) va
acetone/hexane (1:1, v/v, 10 mL) st dung
thiét bi chiét sieu am VCX 130 (Sonic &
Materials, My). Cac phan dich chiét dugc
gop lai va chuyén sang dung mdi hexane.



Dich chiét trong hexane duoc lam sach
voi acid sulfuric dac va silica gel hoat hoa
voi dung moi dichloromethane/hexane
(5:95, v/v). PBDEs duogc tach va phan
tich trén thiét bi GCMS-QP2010 Ultra
(Shimadzu, Nhat Ban) voi cot tich DB-
5ht (15 m x 0,25 mm x 0,1 um; Agilent
Technologies, M§). Ché do ion hoa am
bét giir dién tir (ECNI) va quan sat chon
loc ion (SIM) duoc 4p dung dé thu nhan
tin hiéu cua cac PBDEs.

DPéi vai phthalates va siloxanes, mau buyi
(khoang 0,5 g) dugc thém chét dong hanh
va chiét siéu am 3 1an, mdi 1an véi 5 mL
dichloromethane/hexane (1:1, v/v). Céc
phén dich chiét duoc c6 dic va lam sach
trén cot chiét pha rin (SPE) C18 vdi dung
moi ruoa giai dichloromethane/hexane
(1:1, viv). Céc phthalates (DMP, DEP,
DPP, di-n-butyl phthalate DnBP, DiBP,
DnHP, BzBP, DEHP va di-n-octyl
phthalate DnOP) va siloxanes (D3, D4,
D5 va D6) dugc phan tich trén thiét bi GC
7890B MS 5977A str dung cOt mao quan
DB-5ms (30 m x 0,25 mm x 0,25 um;
Agilent Technologies, My). Ché do ion
hoa va dap electron (EI) va quan sat chon
loc ion (SIM) duoc ap dung dé thu nhan
tin hiéu cta cac phthalates va siloxanes.

Ham luong cta cic chat 6 nhiém hitu co
duoc xac dinh bang phwong phap noi
chuan. Gi6i han phat hién cta phuong
phap (MDL) duogc tinh bang cong thic:
MDL = BL + 3 x SD, trong d6 BL la ham
lwong trung binh cta cht phan tich trong
mau trang va SD d¢ 1éch chuan cta ham
luong chat do dugc trong mau tréng Mobi
dot phan tich mau thuc té (n = 5) déu bao
gom mot mau trang tuong tng. Gié tri
MDL cia BDE-209 la 1 ng/g va cua cac
PBDEs con lai nim trong khoang 0,04
dén 0,1 ng/g. MDL ctia DEHP 13 20 ng/g,
cac phthalates con lai co6 MDL dao dong
tir 1 dén 10 ng/g. Do thu hdi cua cac chat
chuin dong hanh dao dong tir 60% dén
120%. Do thu hoi ctia cac chat phan tich

trong mau bui thém chuan dao (dong tir
7Q% dén 115% véi do 1éch chuan tuong
d61 RSD <20% (n = 3).

3. KET QUA VA BAN LUAN
3.1. Ham lwgng PBDEs trong miu bui

PBDEs duoc tim thdy trong cic mau bui
v6i ham luong tir 72 dén 182000 ng/g
(Hinh 1). Cac mau bui ldy tai khu vuc e-
waste c6 ham lugng PBDEs tuong ddi
cao (10100-182000 ng/g) va cao hon
dang ké so v6i khu vuc thio d& phuong
tién giao thong (96470 ng/g) va khu vuc
d6 thi (72-130 ng/g). Ham luong PBDEs
trong mau bui tai khu vuc e-waste cao
hon dang ké so véi khu vuc ELV
(ANOVA, kiém dinh Tukey, Q = 4,03, p
= 0,03646) va khu vuc do thi (Q =4,04, p
= 0,03601). Trong khi d6, ham lugng
PBDEs trong mau bui tai khu vuc ELV va
khu vyc d6 thi khong c6 su khac biét
dang ké (Q = 0,01, p = 0,9997).

BDE-209 dugc tim thdy véi ham luong
cao nhét (70-180000 ng/g). Cac chat con
lai c6 ham luong thép hon va chi dugc tim
thdy déng ké trong cic mau bui tai khu vuc
e-waste. Him luong cao nhit ciia BDE-
183, BDE-99, BDE-47 va BDE-153 tim
thdy tai cdc xudng tai ché rac thai dién tur
1an luot 1a 1200, 950, 890 va 480 ng/g. Mot
mau bui léy tai khu vuc thdo d& phuong
tién giao thong (ELV3) c6 ham luong
BDE-209, BDE-99 va BDE-47 lan luot 1a
120, 110 va 58 ng/g. Cac mau con lai co
ham lugng PBDEs ¢ murc thép, dao dong tur
70 dén 460 ng/g cho BDE-209 va tir 0,10
dén 20 ng/g cho cac PBDEs con lai.

Ham lugng PBDEs trong mau bui tai khu
vuc tai ché rac dién tir cua ching toi
(10100-182000 ng/g) cao twong duong
v6i mot s6 khu vue tai ché & Guiyu (3520
237000 ng/g) va Dali (420-52300 ng/g) tai
Trung Qudc [9], va cac khu vic Bangkok,
Nonthaburi va Ayutthaya (320-290000
ng/g) tai Thai Lan [10]. Trong khi d6, ham
lugng PBDEs trong mau bui tai khu vuc



d6 thi va thao d& phuong tién giao thdng ¢
Viét Nam nhin chung thap hon so vdi cac
quoc gia khac trén thé gioi [2].
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Hinh 1: Ham lugng phthalates, siloxanes va
PBDEs trong miu bui ctia nghién ctru nay

3.2. Ham lwgng phthalates trong miu
bui

Phthalates duoc tim thy trong tit ca cac
mAau byi voi mic ham luong twong dbi
cao va dong déu (9200-109000 ng/g)
(Hinh 1). Ham Ilugng phthalates giam
theo thtr tu sau: khu vuc tai ché rac thai
dién tir e-waste (44000-109000 ng/g) >
khu vuc d6 thi (25000-61000 ng/g) > khu
vuc thao do phuong tién giao thong
(9200-36000 ng/g). Trong d6 ham lugng
phthalates trong mau bui tai khu vuc e-
waste cao hon dang ké so v6i khu vuc
ELV (Q =4,79, p=0,01386).

Ham luong ctia cac chat nhin chung giam
theo thtr tu sau: DEHP (28000, 2100—
65000 ng/g) > DnBP (2600, 210-23000
ng/g) ~ DiBP (2500, 380-7800 ng/g) >
BzBP (1600, 150-18000 ng/g) =~ DnOP
(1400, 604100 ng/g) > DPP (250, 40—
1300 ng/g) ~ DEP (230, 20-690 ng/g) >
DMP (100, 18-1600 ng/g) > DnHP (54,
7-690 ng/qg).

Ham lugng phthalates trong cac mau bui
tai Viét Nam (9200-109000 ng/g) thap
hon so véi gia tri do dugc tai Trung Quéc
(trung vi 295000 ng/g) va My (trung vi
396000 ng/g) [6]. Ham lugng phthalates

trong bui tai cidc xudng e-waste & Viét
Nam (44000-109000 ng/g) ciing thap hon
nhiéu so véi ciac miu twong tu tai Théi
Lan (86000-790000 ng/g) [11] va tai
Trung Quéc (1700005300000 ng/g) [12].

3.3. Ham siloxanes trong mau bui

Céc siloxanes mach vong ciling dugc tim
thiy pho bién trong cic miu bui voi ham
luong téng dao dong trong khoang 240—
5100 ng/g, (Hinh 1). Ham luong tong
siloxanes giita cac nhom mau giam dan
theo thtr tu sau: khu vuc d6 thi (240-1300
ng/g) > khu vuc e-waste (330-5100 ng/g)
> khu vuc ELV (260-1300 ng/g). Tha tu
nay c6 su khac biét so véi PBDEs va
phthalates, cho thiy siloxanes c6 nguén
gbc lién quan dén cac san pham tiéu dung
va ¢ tan suat st dung cao hon & khu vyc
do thi. Tuy nhién, sy khac biét vé ham
lugng siloxanes gitra 3 khu vuc khong co
y nghia thong ké (p > 0,05). Ham luong
cua cac siloxanes giam theo thr tu: D5
(79-2500 ng/g) > D4 (46-450 ng/g) > D6
(33-2000 ng/g) > D3 (11-230 ng/g). Ham
lugng siloxanes trong cic mau bui cta
ching t6i (240-5100 ng/g) nim trong
khoang trung binh dén tuong ddi cao so
v&i mau bui tai mot sd quéc gia khac nhu
Trung Quéc (95-1350 ng/g), Colombia
(81- 1700 ng/g), Hy Lap (118-25100
ng/g), Nhat Ban (43-757 ng/g), Kuwait
(50-10400 ng/g), Romania (32-1800
ng/g), Saudi Arabia (12-2930 ng/g), Han
Qudc (54-1700 ng/g) va My (69-3660
ng/g) [71.

3.4. Pac trung tich liy va du doan

ngudn phat thai cia PBDES, phthalates
va siloxanes

Ti 1¢ cua cac PBDEs, phthalates va
siloxanes so voi néng do tong tuong tng
ctia chiing trong mau bui thu thap tai mot
s6 khu vuc & mién Bic Viét Nam duoc
dua ra trong Hinh 2. BDE-209 la chat
chiém ti 1& cao nhit (trung binh 98%)
trong tong PBDEs. Ti 1¢é cao ciia BDE-



209 phan 4nh ngudén goc lién quan dén
hdn hop deca-BDE thuwong mai. Diéu nay
nhin chung twong tu véi mot sé nghién
ctru dd cong bd trude day vé sy 6 nhiém
PBDEs trong méi trudong bui, khong khi,
dat va trAm tich. Mot mau bui lay tai
xuong ELV c0 ti 1€ PBDES khac biét voi
phan dong gop twong ddi 16n ctia BDE-
209 (35%), BDE-99 (32%) va BDE-47
(17%). Ti 1& cao dang ké cua BDE-99 va
BDE-47 trong mau bui c6 thé dugc giai
thich bdi 2 Iy do: (1) sy c6 mit ctia hon
hop penta-BDE thuong mai va (2) su
phén huy debrom hoa ctia cac PBDEs ¢6
mtrc brom thé cao, ddc biét 1a BDE-209.
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Hinh 2: Biac trung tich liy cua phthalates,
siloxanes va PBDES trong mau bui cua
nghién clru nay

Trong nhdm phthalates, DEHP ¢o ti 1€ cao
nhat (63 + 19%), tiép theo 1a BzBP (11 +
14%), DnBP (11 + 8%), DiBP (6,8 +
3,8%), DnOP (5,6 + 6,6%), DMP (0,9 +
1,3%), DEP (0,7 £+ 0,6%) va DnHP (0,6 +
0,7%). Ti 1é cao cua DEHP trong cac mau
bui phan anh viéc s dung hop chat nay
lam chat déo hoéa nhwa (chi yéu trong
nhya polyvinyl chloride) va sy cd mat
phd bién ciia DEHP trong cic san pham
tiéu dung, vat liéu xay dung va dd noi that
[3,6,11,12]. Ti 1& ctia BzBP trong cic mau
bui tai khu vyc ELV (trung binh 23%),

16n hon dang ké so véi khu vuc e-waste
(7%) va khu vuc d6 thi (2%), cho thay
cac ung dung dic thu cia hop chat nay
trong linh vuc giao thong. Ti 1€ cua cac
siloxanes giam theo tht tuy sau: D5 (42 +
12%) > D6 (25 + 10%) + D4 (23 + 10%)
> D3 (5 £ 11%). Tht ty nay dugc xac
nhan boi sy ¢6 mat cia D5 voi mirc ham
luong cao nhat (trung binh 48,2 pg/g) so
voi D6 (19,7 ug/g) va D4 (18,0 pg/g)
trong cac san pham cham soc toc tai Ha
Noi [13].

4. KET LUAN

Ham lugng cua cac nhom chat PBDEs,
phthalates va siloxanes trong mau bui ¢
su dao dong lon gitra cac khu vuc khac
nhau, phan anh ngudn phat thai dic trung
ctia timg nhoém chat. Dbi véi PBDEs va
phthalates, ham lugng cao hon dugc phat
hién trong mau bui tai khu vuc tai ché e-
waste va phan anh ng dung cta chit
chéng chdy va chat déo hoa. Trong khi
d6, ham lugng siloxanes trong cic mau
bui tai khu vuc d6 thi nhin chung 16n hon
so v6i khu tai ché rac thai, cho thiy muc
dd d6 thi hoa va tan suit st dung cao cua
cac san phérn tiéu dung, dac biét 1a cac
san pham chdm séc c4 nhan co chia
siloxanes. So v6i cac qudc gia khac trén
thé gidi, ham luong PBDEs, phthalates va
siloxanes trong cac mau bui tai Viét Nam
& muc thip dén trung binh. Ham lugng
tuong ddi cao cia PBDES va phthalates
trong bui tai khu vuc tai ché rac thai dién
tor dua ra yéu cau vé quan 1y 6 nhiém
trong quy trinh tai ché tai khu vuc nay.

Loi cam on: Nghién ctru nay duoc tai trg
boi Pé tai Khoa hoc va Cong nghé cap
Pai hoc Qudc gia Ha NOi, ma so
QG.23.63.
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