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SUMMARY

STUDY ON DETERMINATION OF LINEAR SILOXANES IN INDOOR DUST
FROM SEVERAL NORTHEARN CITIES, VIETNAM

In this study, seven linear siloxanes were found in indoor dust collected from four northern
cities of Vietnam during March-May, 2014. The total concentration of linear siloxanes in 46
indoor dust samples ranged from not detected to 1830 ng/g (mean: 262 ng/g). The
concentration of linear siloxanes in dust samples collected from homes is higher than other
microenvironments such as laboratories, offices, and public places. Comparison between four
surveyed cities, the dust samples collected from HaNoi contained the highest siloxane
concentrations. Among 7 linear siloxanes, L8 was measured at the highest levels and more
frequency (mean: 117 ng/g and frequency: 78,3%). Based on the measured concentrations,
the human exposure to linear siloxanes through dust ingestion were estimated for various age
groups. The exposure doses to linear siloxanes for infants, toddlers, chidren, teenagers, and
adults were 0.983; 0.873; 0.409; 0.230, and 0.187 ng/kg/day, repestively.
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1. MO DAU methylsiloxanes dugc st dung nhiéu trong
Silic hiru co 1a hop chit chira lién két cong nghiép va cac san phidm chim séc ca
cacbon-silic. Trong sé cac hop phan cua nhan hon ca.

silic hitu co dung trong thuong mai,
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Dua vao cAu tric, methylsiloxanes duoc
chia thanh siloxanes mach vong va mach
hé. Ngoai ra, methylsiloxanes con duoc
phan chia theo phan ti khdi thanh
(PDMS)  va
siloxanes bay hoi (volatile methyl siloxanes
VMSs).

Siloxanes dugc s dung rong rai dua vao

polydimethyl  siloxane

nhitng tinh chét héa 1y dic biét cua néd nhu:
strc cang bé mat thép, d6 6n dinh nhiét cao
va c6 tinh mém déo tét. Téng ndng dd
siloxanes 1én t6i vai phdn traim vé khdi
lugng (cao téi 7.3% siloxanes mach hd va
8.2% dbi véi siloxanes mach vong) da duoc
tim thiy trong san phdm chim séc c4 nhan
va vat dung gia dinh (Horii va Kannan,
2008; Wang va c.s., 2009). Mot bao cao
khic dd ghi nhan tdng ndng d6 cua 8
siloxanes mach hé (L4-L14) trong ddu goi
dau va dudng toc tai Trung Qudc 1én téi
1,02 mg/g (Lu va c.s., 2011). Ngoai ra,
siloxanes ciing duoc tim thiy trong thiét b
dién, san phém cham so6c stc khdée, my
phim va dd gia dung (Environment
Canada, 2011).

Poc tinh va tac hai cua cac siloxanes dbi
véi dong vat trong phong thi nghiém da
dugce cong bd trong nhidu bao cio trude
(Burns-Naas va c.s., 2002; McKim va c.s.,
2001; Meeks va c.s., 2007; Quinn va c.s.,
2007a, b). Tuy nhién, cho dén nay van chua
¢6 bang chirng cu thé nao vé sy anh hudng
truc tiép cta cac siloxanes ddi v6i sire khoe
con nguoi.

Su xuét hién cua cac siloxanes da duoc tim
thdy trong nhiéu méi truong khac nhau.
Trong béo céo trude cua chung toi, 1an dau
tién siloxanes mach vong dugc xac dinh

trong bui tai Viét Nam, téng n(‘Sng do cua 5
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siloxanes mach vong (D3, D4, D5, D6 va
D7) 1én to1 1060 ng/g (Tri va c.s., 2015).
Tdng ndng do cua siloxanes (5 chat mach
vong va 15 chat mach ho) trong miu bun tir
cin xtr Iy nuéc thai tai Han Qudc 1én t6i
45.7 ug/g (Lee va c.s., 2014). Nudc thai va
bun sa ling thu dugc tir Hy Lap c6 chira 17
siloxanes v&i ndng do trung binh twong tng
20 pg/L and 75 mg/kg (Bletsou va c.s.,
2013). Téng ndng do cac siloxanes mach
vong va mach hé tim thiy trong khong khi
trong nha tir Italy va Vuong Qubc Anh
tuong tng 18-240 ng/m’ va 78-350 ng/m’
(Pieri va c.s., 2013). Do d6, viéc phan tich,
quan tric va danh gi4 mic d6 phoi nhidm
cua con ngudi dbi v6i cac hop chit nay
thuc su can thiét va co y nghia khoa hoc.
Tiép theo bao céo vé cac siloxanes mach
vong, trong nghién ciru ndy 7 siloxanes
mach hé di dugc xac dinh trong 46 mau
bui trong nha thu thdp tir cac tinh thanh
phia Bic Viét Nam bao g(‘Sm Ha Noi, Ha
Tinh, Hung Yén va Thai Binh. Sy phoi
nhidm cta cac hoa chit nay thong qua con
duong tiéu hoa bui da dugc udc lugng dbi
véi tré so sinh, tré miu gido, nhi déng,
thiéu nién va nguoi trudng thanh dua trén
téng ndng do trung binh cua cac siloxanes
mach hé do duoc tur bui.

2. VAT LIEU VA PHUONG PHAP

2.1. Héa chiit va thiét bi

Chat chuin Decamethyltetrasiloxane (L4)
va dodecamethylpentasiloxane (L5), d6 tinh
khiét >97% dugc mua tir Sigma-Aldrich (St.
Louis, MO, USA). Polydimethyl siloxane
200 fluid cod chtra
tetradecamethylhexasiloxane (L6) va cac
polydimethylsiloxane mach thing L7, L8,
L9, L10 (Sigma-Aldrich, St. Louis, MO,



USA). Thanh phin cia cac siloxanes mach
hé trong PDMS miu duoc x4c dinh bang
thiét bi sdc ki khi v6i detector ion hoa ngon
lira (GC/FID). Chit chuin ndi tetrakis-
(trimethylsiloxane)-silane (M4Q) tinh khiét
>97% (Sigma-Aldrich va Bristlecone
Biosciences, Brea, CA, USA).

Phan tich sic ki dugc thuc hién trén hé
thong sic ki khi GC6890 két ndi khdi phd
MS5973 cia hang Agilent Technologies.
Cot tach sac ki HP-5MS, 30 m X 0.25 mm
i.d. X 0.25 pm. Khi mang Heli tinh khiét
99.99%. Nhiét do injector: 250°C. Chuong
trinh nhiét d6 budng cot: tir 40°C (giit 2
phat) ting 1én 220°C voi tée do 20°C/phut,
tang tiép 1én 280°C v&i toe 4o 5°C/phit (giit
10 phat). Cudi cung ting 1én 300°C véi tde
d6 cao nhét cua 10 cot va giit trong 5 phut.
Detector MS dugc do & ché do SIM; ion m/z
281 dung dé dinh lwong L5 va m/z 147 dung
dé dinh luong cac siloxanes mach ho con lai.
2.2. Thu méu

MaAu bui duoc thu tai 4 tinh thanh bao g6m
Ha Néi, Ha Tinh, Hung Yén va Thai Binh
trong khoang thang ba dén thang nim,
2014. 46 mau dugc chia thanh cac nhom:
hé gia dinh (HGD, n=16), van phong (VP,
n=6), phong thi nghiém (PTN, n=7) va dia
diém cong cong (bao gdm ctra hang dién ti,
thude tan dugc va siéu thi) (PDPCC, n=17).
Mau dugc thu bing cach quét truc tiép nén
nha hoic béng may hat bui va dugc bao
quan & 4°C dén khi phén tich.

2.3. Chudn bi miu

Trude khi chiét tach, mau bui duoc sang
v6i kich thude 16 150 um. 100 ng chét
chudn ndi M4Q duge thém vao 100-200 mg
miu bui, sau d6 dé 6n dinh & nhiét do

phong trong 30 phut. Tién hanh chiét bang

cach 1ic miu vé6i 5 mL hdn hop
dichloromethane (DMC) va hexane (3:1,
v:v) trong 5 phat. Sau d6 quay li tdm véi
tbc d6 2000 vong/phut trong 5 phut, phin
dung dich duoc chuyén sang mot Ong
nghiém nho 12 mL. Thuc hién viéc chiét
lap lai thém 1an thtr hai véi 3 mL hdn hop
DCM:hexane (3:1) va lan ba v6i 3 mL
hexane. Toan bd dich chiét duoc co dudi
dung méi bang dong N, dén 1 mL va loc
dung dich qua mang loc kich thuéc 156 0,2
um, roi tién hanh phan tich sic ki.

2.4. Kiém chitng va ddnh gid phwong
phdp

Su nhiém bén siloxanes c6 thé xut hién tir
chinh cac dung cu thi nghiém (Horii va
Kannan, 2008; Wang va c.s., 2009, Tri va
c.s., 2015). Chinh vi vay, nd luc ciia ching
t6i 1 han ché dén mtrc thép nhat su c6 mat
cua siloxanes trong quy trinh phan tich
bang cach: tit ca cac dung cu thuy tinh
duoc nung & 450°C trong 20 gio, sau d6 giir
& 100°C cho dén khi st dung; dung méi
dugc dung truc tiép tr chai; cic ong
nghiém dugc ddy nip bang gidy nhom.
Pudng chuin duoc 1ap v6i khoang ndng do
0,5 ng/mL dén 500 ng/mL cho mdi siloxane
(R* >0.996). Gidi han dinh lugng cua
phuong phap 1a 1,5 ng/g d6i v6i L4-L9; 4,0
ng/g d6i véi L10.

100 ng cac chat chuin ndi M4Q duoc thém
vao mau tring va tién hanh phan tich theo
quy trinh. Két qua xac dinh d¢ thu hdi trung
binh ctia M4Q trong khoang 77,5 dén 111%
(RSD: 12,6%). Do thu hdi ciia cac chat
siloxanes trong phuong phap thém chuén 1a
67,2 dén 117% (RSD: 9,7%).

3. KET QUA VA THAO LUAN
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3.1. Tong néong dj siloxanes mach hé
trong bui trong nha

Trong nghién ctru nay, 7 siloxanes mach hé
(L4-L10) d3 duoc tim thdy trong mau bui
thu tir bdn tinh thanh cta Viét Nam. Tong
ndng d6 cua 7 siloxanes mach hé trong 46
mau bui tr dudi gidi han phat hién dén
1830 ng/g, trung binh 262 ng/g. Két qua
ndy cao hon so v&i téng ndng do 5
siloxanes mach vong (153 ng/g) phan tich
duoc ciing trong mau bui nay da dugc cong
bd trong bao céo trude (Tri va c.s., 2015).
Nong do tdng siloxanes mach hé trong mau
bui thu duoc ¢ Viét Nam thép hon so vai
mau bui thu dugc tai Trung Quéc trong mot
bdo céo trude, téng ndng d6 cua 11
siloxanes mach ho (L4-L14) khodng 242
dén 1440 ng/g (Lu va c.s., 2010). Nhin
chung ndng d6 tong siloxanes trong miu
bui trong nha thu dugc & Viét Nam thép
hon so véi cac nude khac trén thé gigi nhu
Hy Lap, Hoa Ky, Nhat Ban va Han Quéc
(Trivac.s., 2015).
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Hinh 1: Tong nong dé siloxanes trong mau

bui (ng/g) thu duoc theo cdc vi moi truong

khac nhau: HGD (n=16), PTN (n=7), VP
(n=6) va DPCC (n=17)
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Phin chia mau theo vi mdi truong
(microenvironment), tong ndng  do
siloxanes mach hé tim thdy trong mau bui
thu duoc tir ho gia dinh c6 gia tri cao nhat,
khoang 10,5 dén 1830 ng/g (trung binh:
399 ng/g) (hinh 1). Tiép theo 1 mau bui thu
tir cac dia diém cong cong (chg, cira hang
thudc, ctra hang dién tor) (trung binh: 202
ng/g), phong thi nghiém (181 ng/g) va van
phong (159 ng/g). Diéu nay cé thé giai
thich do ndéng d6 cao cia siloxanes trong
cac san phAm cham séc ca nhan, 1én t6i vai
phan trim vé khéi lugng (Horri va Kannan,
2008; Wang va c.s., 2009). Cac san phdm
cham s6c ca nhan va vat dung gia dinh
dugc biét dén nhu ngudn phat thai chinh
cac hop chét siloxanes ra méi trudng trong
nha.

Trong s& bén tinh thanh nghién ciru, miu
bui thu dugc & Ha Noi co téng n(‘Sng do
siloxanes mach hé cao nhit, trung binh 388
ng/g (khoang 10,5 dén 1830 ng/g). 3 tinh
thanh con lai, téng n(‘Sng d0 siloxanes mach
hé trong mau bui chénh léch nhau khong
nhidu, gia tri trung binh 1an luot 184, 182
va 175 ng/g d6i voi Ha Tinh, Hung Yén va
Thai Binh (hinh 2). Két qua nay c6 mot sy
lién hé tuwong dbi voi sb dan sbng tai cac
thanh phé khac nhau, Ha Noi (2,6 triéu),
Thai Binh (1,8 triéu), Ha Tinh (1.3 triéu) va
Hung Yén (1,1  triéu) (Vietnam
Government, General Statistics Office,
2013), tuwong ung voi mic do tiéu thu cac
san phdm chim séc cdc nhan va cac vat
dung gia dinh (dwgc coi nhu ngudn phat
thai chinh siloxanes ra moi truong) 16n hon.
Su phat thai siloxanes vao bui trong nha
lién quan truc tiép dén thanh phin siloxanes
c6 trong cac san phim chdm soc ¢4 nhin va
vat dung gia dinh, ciing nhu théi quen tiéu
thy san phdm nay 1a khac nhau giita nguoi
dan sinh sdng & cac thanh phd.
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Hinh 2: Tong nong dé siloxanes trong mau
bui (ng/g) thu duoc tir cdc tinh thanh khac
nhau: Ha Ngi (n=18), Ha Tinh (n=12),
Hung Yén (n=8) va Thdi Binh (n=38)

3.2. Thanh phén siloxane trong bui.

DPbi v6i siloxanes mach ho, L8 duge tim
thdy trong mau bui véi ndng d6 1én t6i
1610 ng/g (trung binh: 117 ng/g), véi tin
sudt tim thiy cao nhdt (36 trén 46 mau,
chiém 78,3%). Tiép theo L10, L9, L7 va L6
¢6 ndng d6 trung binh giam din tuong tng
45,8; 43,3; 24,5 va 14,3 ng/g. L4 va LS
duogc tim thiy voi tin suit va ndng do thap
hon. Két qua chi tiét dugc chi ra nhu ¢ hinh
3. Su khéc biét ndy co thé giai thich bai cac
polysiloxanes mach hd véi @6 dai mach
trung binh nhu L8, L9, L10 dugc st dung
nhiéu hon trong cc san phim chim séc ca
nhin va dd dung gia dinh (Horri va
Kannan, 2008). Cac siloxanes mach ngin
nhu L4 va L5 c6 nhiét d6 so6i thip nén d&
bay hoi hon va chung ton tai ¢ pha khi
nhiéu hon. Thuc t&, mot sd nghién ciru
truéc dd tim thdy cac siloxanes mach dai
hon hon nhu L11, L12, L13 va L14 trong
mau bui (Lu va c.s., 2010, Tri va c.s.,
2015).

Hl4 mL5 ml6 mL7 L8 ml9 mL10

T8 (n=46)
PDCC (n=17)
VP (n=6)

PN (n=7)

HGD (n=16) .

0% 20% 40% 60% 80% 100%

Hinh 3: Thanh phan cia cdc siloxanes
mach ho tim thcfy trong mau bui thu duoc &
cdc vi moi truong khac nhau
3.3 Udc hrong muic dé phoi nhiém siloxanes

qua duong tiéu hoa bui trong nha

D3 c6 mot sb nghién ciru vé mirc d6 phoi
nhidm cua siloxanes qua con dudng hip thu
qua da tir cac san phAm chdm séc ca nhan
(Horii va Kannan, 2008; Jovanovic va c.s.,
2008; Lu va c.s., 2011) va qua duong hit
thd khong khi (Piere va c.s., 2013).

Cong thic ude lugng muc dd phoi nhiém
ctia cac hop chit nguy hai tir bui trong nha
qua con dudng tiéu héa di duoc cong bd
trong nhirng nghién ctu trude (Lu va c.s.,
2010; Guo va Kannan, 2011, Tri va c.s.,
2015). Mirc d6 phoi nhiém siloxanes dugc

udc lugng dua theo cong thie (¥).
Cxf

DI=—= (%

M
Trong d6, DI (daily intakes): mirc d6 hép
thu trung binh (ng/kg/ngay); C: ndng do
chat tim thdy trong mau bui (ng.g”); f: toc
d6 hip thu bui trong nha qua con duong
tiéu hoa trung binh (g/ngay); M: khéi luong
co thé (kg). Theo t6 chic bao vé moi
trudong cua Hoa Ky (U.S.EPA, 2008) cong
bd, toe dd hép thu bui trung binh cta tré

nho hon 1 tudi (tré so sinh) duoc ude lugng
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14 0,03 g/ngay va 0,05 g/ngay ddi véi cac
Itra tudi khac. Theo Viét Nam bach khoa tri
thirc (2014), khdi lwong co thé trung binh
ctia ngudi trén toan thé gisi phu thude theo
lra tudi nhu sau: tré so sinh (6-12 thang
tudi): 8 kg; tré tudi mau gido (1-6 tudi): 15
kg; nhi ddng (6-11 tudi): 32 kg; thiéu nién
(11-16 tudi): 57 kg va nguoi trudng thanh:
70 kg (Bach khoa tri thirc).

Dua theo cong thic (*), mirc dd phoi nhiém
tébng 7 siloxanes mach hd qua con dudng
tiéu héa bui di véi tré so sinh, tré miu
gido, nhi dong, thiéu nién va ngudi trudng
thanh tai Viét Nam dugc udc lugng tuong
ung 1a 0,983; 0,873; 0,409; 0,230 va 0,187
ng/kg/ngay. Két qua cho thdy muc do phoi
nhiém siloxanes theo dudng tiéu héa bui tai
Viét Nam nhin chung 13 thip va giam dan
theo chiéu tang cua do tudi. Theo do, tré so
sinh va tré tudi mau gido c6 mirc do phoi
nhiém cao hon so vdi cac lra tudi khac.
Diéu nay co thé giai thich bai & lra tudi nay
tré thuong xuyén tiép xtc voi san nha va
tham, do d6 nguy co phoi nhiém cac hoa
chit no6i chung va siloxanes noi riéng tir bui
nha cao hon.

Day 1a bao céo dau tién vé muc do phoi
nhidm cia ngudi Viét Nam déi véi
siloxanes mach hd trong mau buyi noi riéng
va mau mdi truong ndi chung. Liéu luong
phoi nhi®m siloxanes qua con dwdng hép
thy bui nhin chung thip hon so véi cac
nhom chit khic nhu phthalate esters,
bisphenol A (Tri va c.s., 2015). Hién nay
cac nha khoa hoc trén thé gi¢i da xép
siloxanes ndi chung (ddac biét siloxanes
mach vong D4, D5 va D6) vao nhom chit
c¢6 kha ning gdy rdi loan rdi loan noi tiét.

dbi v6i dong vat phong thi nghiém va tich
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liy sinh hoc (He va c.s., 2003; Meeks va
c.s., 2007; Quinn va c.s., 2007a, b;
U.S.EPA, 2008). Tuy nhién, hiéu biét vé
cac siloxanes con rat han ché nén can thuc
hién nhirng nghién ctru tiép theo nhim danh
gi4 tong quat sy phan bd trong mdi trudng
va nhitng anh huong truc tiép ddi véi st
khoe con ngudi cua 16p hop chit nay.

4. KET LUAN

Trong nghién ctu ndy, ndng d6 cia 7
siloxanes mach hé di duogc tim thiy trong
mau bui thu duoc tai 4 tinh thanh phia Bic
Viét Nam. Téng ndéng dd cac siloxanes
trong mau bui c6 gia tri trong khoang tir
dudi gi6i han phat hién dén 1830 ng/g. Mau
bui thu duoc tir Ha No6i ¢6 chira siloxanes
voi n(‘Sng dd cao nhét. L8 do duge voi tin
sudt va ndng do cao nhit trong sb cac
siloxanes mach hé tir mau bui. Liéu lugng
phoi nhiém siloxanes ddi vdi tré so sinh, tré
mau gido, nhi ddng, thiéu nién va nguoi
trudng thanh tai Viét Nam tuong ung la
0,983; 0,873; 0,409; 0,230 va 0,187
ng/kg/ngay.
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