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Tém tit: Trong nghién ciru ndy, 5 siloxanes mach vong va 7 siloxane mach h¢ da dugc xéc dinh
trong 46 mau bui trong nha thu dugc tai mot $6 tinh thanh phia Bic Viét Nam tir thang ba dén
thdng nam nam 2014. Téng ndng do siloxanes trong mau bui trong nha do dugc tir 17.5 dén 1970
ng/g (trung binh: 411). Miu bui thu duoc tir Ha Noi chira ndng do siloxanes cao nhat (TB: 543
ng/g) tiép theo Hung Yén (TB: 373 ng/g), Thai Binh (TB: 307 ng/g) va Ha Tinh (306 ng/g). ‘Trong
sO cdc siloxanes, decamethylcyclopentas1loxane (D5) do dugc & ndng do cao nhit 1én dén 733
ng/g (TB: 67,9). Trong sb cic vi moi truong, siloxanes tim thay trong bui thu dugc tir ho gia dinh
cao nhét va khoang tir 45.7 dén 3350 ng/g (TB: 624). Dwa vao ndng do siloxanes do dugc, mirc do
phoi nhiém ciia con nguoi thong qua con dudng an nudt bui va hip thu qua da da dugc woc lugng
theo do tudi. Liéu phoi nhidm (téng theo ca hai con duong) ddi véi tré so sinh, tré miu gido, nhi
déng, thiéu niém va nguoi trudng thanh tuong tng la: 1,561; 1,389; 0,651; 0,367 va 0,296

ng/kg/ngay.

Tir khéa: Siloxanes, mau bui, phoi nhidm, hip thu qua da.

1. Mé dau

Siloxanes la 16p hop chit ctia nguyén td
silicon (Si) chira cdic nhém methyl. Theo mach
silic, siloxanes dugc phan loai thanh siloxanes
mach vong (cyclic siloxanes) va siloxanes mach
théng (linear siloxanes). Siloxanes dugc su
dung trong nhiéu nganh céng nghiép khac nhau.
Udc tinh da c6 khoang 236000 tan siloxanes
dugc san xuat & Bic My trong nam 2009 [1].
Trong d6, siloxanes duoc sir dung rat rong rai
trong nganh cong nghiép my phim va lam dep.
Horii va Kannan (2008), Wang va c.s. (2009)
da bdo cdo ham lugng siloxanes tim thiy trong
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céc san phém cham s6c cd nhan va vt dung gia
dinh 1én dén vai phan tram [2, 3]. Ngoai ra,
siloxanes con dugc tim thdy tir nhiéu ngudn
khéc nhau ngoai moi truong nhu: trong bun,
nudce thai, bun thai, khong khi trong nha, khong
khi ngoai trdi va bui trong nha [3.4].

Mot vai nghién ctru da bao cdo tac hai cla
siloxanes, dac biét 1a D4 va D5, dbi voi su sinh
san cua chudt trong phong thi nghiém [5,6,7].
Ngoai ra, D4 con giy hai téi mot s6 loai sinh
vat dudi nudc, ké ca & nong do thip. Dbi véi
dong vat c6 vu, D4 gay hai t6i gan va cé anh
huéng xau t6i estrogen. Kha ning ngan chan su
gia tang héc-moén gidi tinh trudc va trong khi
rung triang cia D4 da dugc phat hién trong mot
vai nghién ctru vé dong vat gim nhim trong
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phong thi nghiém [6]. D4 va D5 con c6 the
gdy ra mot sO phan Ung mién dich gy ton
thuong gan, phoi & dong vat trong phong thi
nghiém [8].

Mic dit sy phan bd trong mdi trudng va doc
tinh cua siloxanes di dugc gidm sat boi mot $6
co quan ban nganh & nhiéu nudc trong nhiing
nim gan diy, cho dén nay van chua c6 mot
cong trinh nao bdo cdo vé mirc do phoi nhiém
cuia céc hop chét siloxanes trong moi trudng
¢ Viét Nam néi chung va nhu bui trong nha
néi riéng.

2. Vat liéu va phwong phap
2.1. Héa chat

Chat chudn: hexamethylcyclotrisiloxane
(D3), octamethylcyclotetrasiloxane (D4),
decamethylcyclopentasiloxane ~ (D5)  dode
amethylcyclohexasiloxane (D6), d§ tinh khiét
>95% dugc mua tir Tokyo Chemical Industry.
Chét chuan Decamethyltetrasiloxane (L4) va
dodecamethylpentasiloxane (L5) tinh khiét
>97% dugc mua tr Sigma-Aldrich (St. Louis,
MO, USA). Polydimethyl siloxane (PDMS) 200
fluid co chtra
octadecamethylcycloheptasiloxane D7),
tetradecamethylhexasiloxane (L6) va céc
polydimethylsiloxane mach thang (L7, L8, L9,
L10) dugc mua tir Sigma-Aldrich. Cac chét
chuin ndi tetrakis-(trimethylsiloxane)-silane
(M4Q) tinh khiét >97% va
decamethylcyclopentasiloxane-[2,4,6,8, 10-"*C-
D5) (PC-D5) tinh khiét >98% dugc mua tir
Sigma-Aldrich va Bristlecone Biosciences.

2.2. Thu méu

46 mau bui thu & Ha Noi, Ha Tinh, Hung
Yén va Thai Binh duogc chia thanh cic nhém:
hd gia dinh (n=16), van phong (n=6), phong thi
nghi€ém (n=7) va dia diém cong cong (bao gém
cua hang dién tu, thudc tan duge va siéu thi: n=
17). Thoi gian thu mau: 3-5/2014. Mau dugc
thu bang cich quét tryc tiép nén nha hoic bing

mdy hut bui. Mau sau khi thu dugc bao quan
trong gidy nhom va giit & 4°C dén khi phan tich.

2.3. Chudn bi méu

100 ng chat chuan ndi M4Q va PC-D5 duoc
thém vao 150-200 mg miu bui, sau d6 dé on
dinh & nhiét d6 phong trong 30 phit. Tién hanh
chiét bang cich lic véi 5 mL hdén hop
dichloromethan (DMC) va hexan (3:1, v:v)
trong 5 phit. Sau d6 quay li tim véi toc do
2000 vong/phiit trong 5 phit, phan dung dich
dugc chuyén sang mot 6ng nghiém nhé 12 mL.
Chiét 1ap lai thém 2 1an nita v6i 3 mL hdn hop
DCM:hexan (3:1) va 3 mL hexan. Dich chiét
dugc o can bang dong N, dén 1 mL va loc qua
mang loc kich thuée 16 0.2 um.

2.4. Quy trinh phan tich

Cac siloxane dugc xac dinh trén hé théng
sdc ki khi GC-6890 két nbi khdi phé MS-5973
cua hiang Agilent Technologies, USA. Cot tich
séc ki HP-5MS (30 m x 0.25 mm i.d. x 0.25
um). Khi mang He tinh khiét 99.99%. Chuong
trinh nhiét d§ va diéu kién lam viéc cua hé
thong GC/MS di duoc chiing t6i m6 ta & nhiing
thi nghiém trudce [3,4].

2.5. Kiém chirng va ddnh gid phirong phdp

Pudng chuan dugc l4p véi khoang ndng do
0,5 ng/mL dén 500 ng/mL cho mdi siloxane
(R2>0 996). Mot ) sﬂoxanes vong dugc tim
thiy trong tat ca cdc mau tring: D3 (5-50 ng/g),
D4 (9-46 ng/g) D5 (11-39,7 ng/g), va D6 (6-30
ng/g). Nong do cua siloxanes trong mau tinh
todn tr néng do do dugc trir di ndng do cua né
trong mau tring. Giéi han dinh luong cua
phuong phédp 1a 2.0 ng/g dbi voi D3, D4, D5,
D7, 4,0 ng/g, dbi véi D6, 1,5 ng/g d6i voi L4-
L9 va 4,0 ng/g d6i voi L10.

100 ng cac chat chuan noi M4Q va C-D5
duoc thém vao mau trang va tién hanh phan tich
theo quy trinh. Do thu hoi trung binh cia M4Q
va *C-D5 trong khoang 75,3 dén 108% (RSD:
9,3%) va 77,5 dén 111% (RSD: 12,6%) tuong
tg. D6 thu hdi cta cdc siloxanes trong phuong
phdp thém chuan 12 67,2 &n 117 % (RSD: 9,7%).
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3. Két qua va thio luan
3.1. Téng nong dé cia siloxanes trong mau bui

Trong nghién ctu nay, 5 siloxanes mach
vong (D3-D7) va 7 siloxanes mach hé (L4-L10)
dd duoc tim thiy trong mau bui thu tir bdn tinh
thanh cua Viét Nam. Téng ndng do cua
siloxanes trong mau buyi dao dong tir 17.5 dén
1970 ng/g (trung binh: 411 ng/g). Nhin chung
siloxanes trong mau bui trong nha thu duoc &
Viét Nam thap hon so véi cdc nude khdc trén
thé gi¢i nhu Hy Lap, Hoa Ky, Nhat Ban [3].
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Hinh 1. Tong ndng d6 siloxane trong
tung loai mau (ng/g).

Siloxanes dugc tim thiy nhiéu nhat & miu
bui trong nha-hd gia dinh (100% s6 miu déu
chira siloxanes), tiép theo 1a dia diém cong cong
(94.1%), phong thi nghiém (85.7%) va van
phong (66.7%). Nong do siloxanes cao nhat
dugc tim thdy & miu bui trong nha, dao dong tir
45.7 @én 3350 ng/g (trung binh 624 ng/g), cao
gip doi ndng d6 trung binh tim thiy & phong thi
nghiém (314 ng/g). Nong do siloxanes mach
vong tim thay trong ho gia dinh c6 thé gidi
thich béi cua cdc héa chat nay dugc st dung
trong cic san pham chim séc cd nhdn, 1én t6i
vai phan trim vé khéi lugng [2].

3.2. Thanh phan cia siloxanes mach vong va
mach ho trong mdu bui

Hinh 2 cho thdy vdi ca 4 dia diém 1iy mau:
trong nha, van phong, phong thi nghi¢m va dia
dlem cong cong, siloxanes mach vong déu c6
téng néng d6 cao hon siloxanes mach hé. Téng

néng d0 siloxanes mach h¢ dugc tim théy cao
nhit & mau bui trong nha véi 360 ng/g so véi
225 ng/g cua siloxanes mach vong. Vdi mau
bui ¢ cdc dia diém cong cong, tong nong do
siloxanes mach hd 16n gap doi so véi nong do
cua siloxanes mach vong (238 ng/g so véi 110

ng/g).
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Hinh 2. Téng ndng do siloxanes mach vong va mach
hé trong ting loai mau (ng/g).

Tong nong d6 siloxances (rg/g)

b2 24 D5 De 2/ L4 L5 & L/ L8 LY L10

Hinh 3. Tong ndng do ctia tirng siloxanes (ng/g).

Trong 5 loai siloxanes mach vong, D5 dugc
tim thdy véi ndng do cao nhit trong mau bui
trong nha. Néng d6 trung binh ciia D5 dugc tim
thy 12 67.9 ng/g, theo sau 1a D6 (45.7 ng/g) va
D4 (15.2 ng/g). D3 va D7 dugc tim thiy & nong
d6 thap hon (Hinh 3). Két qua nay c6 thé giai
thich la D4, D5 va D6 dugc sir dung trong cac
san phiam chim séc cd nhan nhidu hon céc
siloxanes mach vong khac [2].

Trong 7 loai siloxanes mach ho, L8, L9,
L10 va L11 dugc tim thiy & tin suit cao va
ndng do trung binh cia ching l1an luot 1a 74,7;
43,3; 45,8 va 30,7 ng/g. Trong khi d6, L4, LS,
L6 va L7 duoc tim thay & ndng do va tan suat
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thip hon do ching xuat hién & pha khi nhiéu
hon pha bui, do cic siloxanes mach thap cé
nhiét d6 soi thap hon.

3.3. Ubc lwong mirc dé phoi nhiem cua
siloxanes

Mot vai nghién ctu trude da bdo cdo mirc
dd phoi nhiém cuia siloxanes qua con dudng ho
hap [4] va hap thu qua da [2,9,10]. Trong
nghién ctru nay, ching t6i da udc luong mirc do
phoi nhiém cua siloxanes qua con dudng tiéu
héa va hép thu qua da.

Cong thirc woc lwgng mic dd phoi nhiém
clia cdc nhém chat doc hai qua con duong tiéu
héa mau bui di dugc cong bd trong mot vai
nghién cuu truoc diy [4,11]. Muac d6 phoi
nhiém cta siloxanes qua con dudng in tiéu héa
va hép thu bui qua da da dugc udc lugng dua
trén cong thirc (*) va (¥%).

DI:C:I{ (*)
D[=CXAXLXI'XM‘ (**)

‘Trong d6, DI (daily intakes): mirc d6 phoi
nhiém ‘trung binh (ng/kg/ngay); C: nong do6 chat
tim thdy trong mau bui (ng/g); f: tbc d6 hip thu
bui trong nha trung binh (g/ngay), A la dién tich
bé mit cia co thé cia mdi nhém tudi
(cm’® /ngay); biéu thi cho ti 1€ siloxanes hap

thu qua da, M’ lugng bui hip thy trén 1 cm da
ngu’orl (c6 gia tri 0,096 mg/cm) [11] M la
khéi lugng trung binh cua co thé theo mdi
nhém tudi (kg).

Theo to chirc bao vé méi trudng ciia Hoa
Ky cong bd, tbc do hap thu bui qua dudng tiéu
héa trung binh cia tré nhé hon 1 tudi dugc wdc
luong 12 0,03 g/ngay va 0,05 g/ngay dbi véi cic
1ta tudi khéc [12]. Theo Viét Nam bach khoa tri
thac (2014), khéi lugng co thé trung binh cua
nguoi trén toan thé gidi phy thudc theo lira tudi
nhu sau: tré so sinh (6-12 thang tudi): 8 kg, tré
tudi mau gido (1-6 tudi): 15 kg, nhi dong (6-11
tudi): 32 kg, thiéu nién (11-16 tudi): 57 kg va
nguoi tredng thanh: 70 kg [13].

Duya vao cong thire (*) va (**), téng murc do
phoi nhiém cta siloxanes qua con dudng tiéu
héa buyi va hip thu bui qua da dbi véi timg lira
tudi & Viét Nam dugce chira & Bang 1.

Két qua & Bang 1 cho thiy tré nho thi muc
d6 phoi nhidém 16n hon cic 1ra tudi khéc, trong
khi nguoi truéng thanh c6 mic d§ phoi nhiém
nho nhit. Tré so sinh va tré mau gido c6 mirc
dd phoi nhidm 16n nhat (titu hoéa 1.577
ng/kg/ngay va hap thu qua da 0.0037
ng/kg/ngay). Diéu nay c6 thé dugc giai thich
boi tré thuong tiép xdc nhiéu v6i san nha va tham,
do d6 nguy co phoi nhiém cdc héa chat doc hai
ndi chung va siloxanes néi riéng la kha 16n.

Béng 1. So sanh mirc d6 phoi nhidm cua siloxanes qua 2 con dudng tiéu héa va hap thu qua da

Lira tubi Tiéu héa bui (ng/kg/ngay)  Hép thu qua da (ng/kg/ngay)
Tré so sinh 1.557 0.0037
Tré mau gido 1.383 0.0058
Nhi dong 0.648 0.0033
Thiéu nién 0.364 0.0025
Ngudi truong thanh ~ 0.295 0.0012

Tir bang trén, ta c6 thé thdy duge mirc do
phoi nhiém qua con dudng tiéu héa cua
siloxanes gap tir 100 dén 400 lan muc do phoi
nhiém qua da.

Két luén: Nghién cuu di xdc dinh dugc 5
siloxanes mach vong va 7 siloxanes mach ho

trong bui trong nha thu tai mot s6 tinh thanh
phia Bic, Viét Nam. Dua trén néng do do duoc,
muc do phoi nhidm siloxanes theo lira tudi da
duogc udc lugng qua hai con duong ti€u héa bui
va hép thu qua da.
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Assessement of Human Exposure to Siloxanes in Indoor Dust
Collected from Several Northern Cities in Vietnam

Nguyen Quang Hung, Le Thi Hanh, Tu Binh Minh, Tran Manh Tri

Faculty of Chemistry, VNU University of Science, 19 Le Thanh Tong, Hoan Kiem, Hanoi, Vietnam

Abstract: In this research, five cylic and seven linear siloxanes were found in 46 indoor dust
samples collected from four cities in Vietnam during March-May 2014. Total concentration of
siloxanes in indoor dust ranged from 17.5 to 1970 ng/g (mean: 411). Indoor dust collected from Hanoi
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city contained siloxane concentration at the highest level (mean: 543 ng/g), followed by Hungyen
(mean: 373 ng/g), Thaibinh (mean: 307 ng/g), and Hatinh (306 ng/g). Among siloxanes,
decamethylcyclopentasiloxane (D5) was measured at the highest concentration, as high as 733 ng/g
(mean 67,9). Among microenvironments, siloxanes were found in homes at the highest levels and
ranged from 45.7 to 3350 ng/g (mean: 624). Based on the measured siloxane concentrations, the
human exposure to siloxanes through dust ingestion and dermal were estimated for various age
groups. The exposure closes (sum of ingestion and dermal pathways) to siloxanes for infants, toddlers,
children, teenagers, and adults were 1.561, 1.389, 0.651, 0,367 and 0.296 ng/kg-bw/day, respectively.

Keywords: Siloxanes, indoor dust, human exposure, dermal absorption.



