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Abstract: In this study, the gas—particle distribution characteristics and emission sources of
phthalate esters (PAESs) and volatile methyl siloxanes (VMSs) were evaluated for indoor air samples
collected from different micro-environments such as homes, offices, kindergartens, hair salons,
laboratories, and cars in 4 cities and provinces of Hanoi, Bac Ninh, Thai Binh, and Tuyen Quang,
northern Vietnam. In general, total concentrations of PAEs and VMSs were higher in gas phase as
compared to particle phase; however, phase distribution profiles of individual compounds were
strongly related to their structures and physicochemical properties. For examples, low-molecular-
weight compounds such as dimethyl phthalate, diethyl phthalate, D3, D4, L4, and L5 were more
abundant in gas phase, while heavier compounds like di(2-ethylhexyl) phthalate and L8 were
preferentially associated with particle phase. Assessment of PAE emission sources is relatively
difficult because they have been applied in different consumer products and materials. Significant
correlation between cyclic VMSs (e.g., D4, D5, and D6) was observed, suggesting their applications
in cosmetics and personal care products.
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Toém tit: Trong nghién ctru nay, dic trung phan bd cua céc ester phthalate (PAES) va methyl
siloxane dé bay hoi (VMSs) trong pha khi va pha hat va nguon géc cua chung duoc danh gia trong
mau khéng khi tir cac vi moi truong khac nhau nhu nha &, van phong, nha tré, salon toc, phong thi
nghiém va 6 t6 tai 4 tinh, thanh phd & mién Béc Viét Nam la Ha Noi, Bac Ninh, Thai Binh va Tuyén
Quang. Nhin chung néng d6 tong PAEs va VMSs trong pha khi cao hon trong pha hat, tuy nhién
dic trung can bang pha cua ting chét c6 lién quan mat thiét dén cau tric phan tir va tinh chét hoa ly
cua ching. Vi du cac hop chat ¢ phan tir khdi thap nhu dimethyl phthalate, diethyl phthalate, D3,
D4, L4 va L5 phan bé chu yéu trong pha khi, trong khi céc chit ¢6 phan tir khéi cao hon nhu di(2-
ethylhexyl) phthalate va L8 lai tich liiy nhiéu hon trong pha hat. Panh gia ngudn phét thai cua PAES
1& mot bai toan twong ddi phirc tap do sw tng dung rong rai cua chdng trong nhidu san pham tiéu
dung va vat liéu khac nhau. Cac chat VMSs mach vong (D4, D5 va D6) c6 mdi twrong quan khé rd
rang, phan &nh tng dung chu yéu cuaa ching trong cac san phim chim soc ca nhén.

Tor Ighéa; Ester phthalate, methyl siloxane dé& bay hoi, khong khi trong nha, phan b6 pha, danh gia
nguon gac.
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1. Mé dau

Céac ester phthalate (phthalic acid esters,
PAEs) duoc bt dau tong hop trén quy mé cong
nghiép tir nhitng nam 1920 dé lam chét déo hoa
nhya va dén nhimg nam 1950 thi cac hop chit
nay di trd nén phd bién khi ching dugc dung
trong cong nghé san xuit nhua polyvinyl
chloride (PVC) [1]. Hién nay, PAEs dugc ap
dung trong nhiéu linh vuc céng nghiép va san
xuit khac nhau. Do tuwong tic ctia PAES Véi
polymer nén chi 14 twong tac vat ly nén cac hop
chat nay c6 thé phat tan tir vat liéu gbc ra moi
truong xung quanh trong qua trinh san xuét, sir
dung va thai bo cac vat liéu d6 [2]. PAEs da trd
thanh cac chit & nhidm phd bién trong nhiéu
thanh phan méi trudng khac nhau nhu khong khi,
bui, nudc, dat, tram tich va sinh vat [3]. Mot s6
PAEs duoc xac dinh 1a chat gay rdi loan noi tiét
va doc tinh cua chung d6i vé6i sic khoe moi
truong va suc khoe con ngudi 1a vin d& duoc
quan tdm nghién ctu [3].

Cac methyl siloxane dé bay hoi (volatile
methyl siloxanes, VMSs) duoc téng hop va ap
dung rong rai trong nhiéu linh vyc céng nghiép,
dic biét 1a cdng nghiép san xut hang tiéu ding
va san pham chiam soc ca nhan [4]. Cac VMSs
duoc phan biét dua trén cau trdc va sé nguyén tir
silicon trong phén tu cta ching: VMSs mach ha
(linear VMSs, LVMSs, vi du nhu L4, L5, L6) va
VMSs mach vong (cyclic VMSs, CVMSs, vi du
nhu D4, D5, D6). Tuong tu nhu cac PAEs,
VMSs ciing duoc phét hién phd bién trong nhiéu
thanh phan méi trudng khac nhau nhu khong khi,
bui, nudc, dat, tram tich va ban thai, dac biét 1a
cac khong gian trong nha [5,6]. Mac du cac tac
dong tiéu cuc cia VMSs trén co thé ngudi chua
dugc chung minh mét cach r6 rang nhung doc
tinh cua cac hop chat nay trén dong vat thi
nghiém da khién cho nhiéu nghién ctu vé su 6
nhiém VMSs trong moi trudng va phoi nhiém
trén co thé ngudi duoc thyc hién trong thoi gian
gan day [7-10].

Tai Viét Nam, céc nghién ciru vé su ton tai
ctua PAEs va VMSs trong moi truong khong khi
va bui va tac dong ciia chung dbi véi con nguoi

chi méi dugc thuc hién trong vong 5 nam trd lai
day [8-12]. Nong d6 cua VMSs trong mau bui
trong nha tai Viét Nam nhin chung thip hon so
vGi mot s6 qudc gia khac trén thé gioi nhu Hy
Lap, Kuwait, Han Quéc, Nhat Ban, My va Trung
Qudc [8]. Mot s6 nghién ciru khac di chi ra rang
nong do PAEs trong mdi truong bui va khong khi
tai khu vuc d6 thi I6n nhu Ha N6i cao hon so véi
cac khu vuc c6 mirc do do thi hoa va mat do dan
s6 thap hon ¢ mién Bac va mién Trung nudc ta
[12,13]. Tuy nhién, cac nghién ctu chuyén sau
vé PAEs va VMSs trong méi truong khong khi
Vi 6 lugng mau 16n, phan tich dong thai nong
do trong pha khi va pha hat cting nhu khai thac
triét dé két qua phan tich dé danh gia ngudn géc
ciia ching & nudc ta con rat han ché. Trong
nghién ciru nay, chung t6i danh gia dac trung
phan b6 & 2 pha khi-hat va ngudn géc cua 10
PAEs va 10 VMSs trong mau khong khi trong
nha va trong 6 to lay tai cac khong gian vi moi
truong khac nhau tai 4 tinh, thanh phd & mién
Béc nudc ta 1a Ha Noi, Bic Ninh, Thai Binh va
Tuyén Quang.

2. P6i twong va phwong phap nghién ctru
2.1. Théng tin vé mau phan tich

Mau khéng khi dugc thu thap bang thiét bi
ldy mau khi chu dong luu luong thip (low-
volume air sampler LP-7 230 V pump kit, A.P.
Buck Inc., M¥) trong thoi gian 12 dén 24 gio cho
mdi mau va téc do dong 4 L/min. Pha hat dwugc
tich Ity trén mang loc s¢i thach anh (QFF) (MQ-
A, Whatman, kich thuéc 15 2,2 pm). Céc chat
trong pha hoi dugc hap phu boi 2 cot xdp
polyurethane (PUF) dat ndi tiép (ORBO-1000,
duong kinh va chiéu cao mol cot PUF 1a 2,2 cm
va 7,6 cm). Thé tich cac mau khong khi thu thap
dugc nam trong khoang 2.9 dén 5.8 m3. Tong
cong 97 mau khong khi (bao gom 97 mau PUF
va 97 mau QFF) da duoc thu thap trong khoang
thoi gian tir cubi nim 2016 dén dau nam 2017 tai
Ha Noi, Bic Ninh, Théai Binh va Tuyén Quang
trong cac khong gian vi méi truong la nha &, van
phong, nha tré, salon téc, phong thi nghiém va 6 t6.
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2.2. Phuong phap phan tich ester phthalate va
methyl siloxane

Trong nghién curu nay, ching téi phan tich
ham lugng cua 10 PAEs bao gom: dimethyl
phthalate (DMP), diethyl phthalate (DEP),
dipropyl phthalate (DPP), diisobutyl phthalate
(DiBP), dibutyl phthalate (DBP), di-n-hexyl
phthalate (DnHP), benzyl butyl phthalate
(BzBP), dicyclohexyl phthalate (DCHP), di(2-
ethylhexyl) phthalate (DEHP) va di-n-octyl
phthalate (DnOP); va 10 VMSs bao gom: D3,
D4, D5, D6, L4, L5, L6, L7, L8 va L9. Céc chat
noi chuan deuterium hoa cua PAES bao gom
DMP-d4, DEP-d4, DPP-d4, DiBP-d4, DnHP-d4,
BzBP-d4 va DEHP-d4. Chat ngi chuan cua cac
VMSs la tetrakis(trimethylsiloxy)-silane (M4Q).
Cac chat chuan va chat noi chuan cho phan tich
PAEs va VMSs duoc cung cip bsi Sigma-
Aldrich va duoc chuan bi trong dung méi hexane.

Trudce khi phan tich, méi mau PUF va QFF
dugc thém chuan chat noi chuan (500 ng mai
chat PAEs-d4 va 200 ng M4Q). Mau PUF duoc
chiét 1an luot voi 100 mL va 80 mL hdn hop
dichloromethane (DCM)/hexane (3:2, v/v) trén
may lic orbital (Stuart, Nhat Ban), mdi lan chiét
trong 30 min. Dich chiét dugc co dic bang bo cd
quay chan khong va bo thdi khi nitrogen dén thé
tich 1 mL va chuyén vao GC vial. Mau QFF
dugc chiét bang ky thuat tuong tu véi hdn hop
DCM/hexane (3:2, v/v), chiét lap 3 lan, mdi lan
vé6i 5 mL dung méi trong 5 min. Dich chiét duoc
6 ddc dudi dong khi nitrogen dén thé tich 1 mL
va chuyén vao GC vial. PAEs va VMSs duoc
phan tich trén hé théng sic ky khi 7890B ghép
néi khdi pho ké 5977A trén cot tach DB-5MS
(chiéu dai 30 m, duong kinh trong 0,25 mm, bé
day 16p pha tinh 0,25 pm). Hé théng phan tich va
cot tach dugc cung cap boi  Agilent
Technologies. Cac thdng s6 vé diéu kién tach va
dinh lugng trén khdi pho cho cac PAES va VMSs
dugc trinh bay cu thé trong cac nghién ctu trudc
day cua chiing t6i [9-11]. Po thu hdi cua cac chat
noi chuan va chat chuan thém vao mau kiém tra
nam trong khoang tir 70 dén 120% véi RSD <
20%. Gi6i han phét hién (GHPH) cua cac PAEs
nam trong khoang 0,5 dén 1,5 pg/g cho pha hat

va 0,03 dén 0,1 ng/m? cho pha khi. GHPH cua
cac VMSs dao dong tu 1,5 dén 9 pg/g va 0,1 deén
0,7 ng/m? cho pha hat va pha khi, twong ttng.

2.3. Phurong phdp ddnh gid nguon goc

Toan bo tap sb liéu vé nong d6 10 PAEs va
10 VMSs trong 97 mau PUF, 97 mau QFF va
ndng do tong trong khong khi dugc phan tich dé
tim ra mdi lién hé giita c4c chat phan tich va danh
gia nguon goc cua ching trong khong khi.
Phuong phép phan tich twong quan Pearson va
phuong phdp phan tich thanh phan chinh
(principal component analysis PCA) da duoc ap
dung. i véi phén tich tuong quan, hé 6 tuong
quan Ién hon 0,5 véi gia tri p < 0,05 dugc cho la
c6 y nghia thong ké. DSi voi phan tich PCA,
chiing toi chi tap trung ban luan déi véi cac thanh
phan (PC) c6 phuong sai 16n hon 1. H¢ s6 tuong
quan cua cac Cau tir trong mdi PC ¢6 gia tri cang
gan 1 chi ra méi lién hé chat ché cua cac ciu tir
do6 (vi du nhu c6 cung ngudn gdc, pham vi tng
dung va/hoic tinh chat 1y hoa twong tw). Sb licu
dugc xir ly thdng k& trén cac phan mém
Microsoft Excel 2010 va Minitab 16.

3. Két qua va thao luin

3.1. Bdc trung cdn bang pha cua ester phthalate

Nong d6 tong cua PAEs (pha khi va pha hat)
trong cac mau khdng khi nam trong khoang 110
dén 16000 ng/m? (1000 + 1800 ng/m®). Nong do
tong cua PAEs trong pha khi va pha hat lan luot
la 780 + 1700 (khoang 57-15000) va 270 + 200
(khoang 7,2—-1100) ng/me. Nhin chung, néng do
tong PAEs trong 2 pha phan &nh cac hop chat
nay ton tai trong pha khi nhiéu hon so véi pha
hat. Trong pha khi, ndng dé céc chat giam theo
thtt tw DEP > DiBP > DBP > DEHP > DMP >
DCHP > DPP = BzBP > DnOP > DnHP. Trong
pha hat, chat c6 ndng do cao nhat 12 DEHP, tiép
theo la cac chat DiBP > DBP > DCHP > DEP >
DnOP > DPP > BzBP > DMP > DnHP. DPac
trung can bang pha khi-hat ctia cac PAEs dugc
thé hién trong Hinh 1.
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Hinh 1. B3c trung can bang pha khi-hat ciia cac
PAEs trong mau khdng khi trong nha tai mién Bac
Viét Nam (trung binh va SD, n = 97).

Theo chiéu ting cua phan tu khoi, ti & cua
PAEs trong pha hat c6 xu hudng ting dan va ti
I¢ cua ching trong pha khi c6 xu hudng giam
dan. Vi dy, ti I¢ DMP trong pha khi va pha hat
lan luot 12 89 + 22% va 11 + 22%, trong khi
DEHP t6n tai chu yéu trong pha hat (71 + 25%)
s0 vai pha khi (29 + 25%). Mot s6 PAES ¢6 phan
tir khdi trung binh nhu DBP va DnHP ¢ ti 1¢
phan b giira 2 pha kha twong dong. Céc nghién
clru trude day ciing da chi ra rang, PAES ¢6 phan
tir khoi thap (vi du DMP dén DBP) ton tai trong
pha khi nhiéu hon trong pha hat, trong khi céc
chat c6 phan tir khdi 16n lai tich Iy cha yéu trong
pha hat [3,14]. Két qua thu duoc tir nghién ctu
nay hoan toan pht hop véi céc tinh toan ly thuyét
db6i voi mot sé hang s6 can bang pha vi du nhu
hé sb can bang khi-hat (Kp) va hé sé phan b
gitra octanol va khong khi (Koa) [11].

3.2. Ddc trung cdn bang pha cia methyl siloxane

Nong d6 tong ciia VMSs (pha khi va pha hat)
trong cac mau khdng khi c6 gia tri trung binh 470
+ 430 (khoang 42—1900) ng/m?3. Nong do VMSs
trong pha khi (320 + 320, khoang 24-1600
ng/m®) nhin chung cao hon so v4i pha hat (150 +
160, khoang 13-880 ng/m?). Ndng d¢ tong cia
CVMSs (D3 dén D6) va LVMSs (L4 dén L9)
tuong d6i ddng déu trong ca pha khi va pha hat.

Trong ca 2 pha, ndng do cua cac chat co xu
hudng ting theo chiéu ting phan tir khdi, dac biét
la trong pha hat. C4c chat c6 nong do cao nhat 1a
D5, D6, L7 va L8.
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Hinh 2. Biic trung can bang pha khi-hat ciia cac
VMSs trong mau khéng khi trong nha tai mién Bac
Viét Nam (trung binh va SD, n = 97).

Hinh 2 thé hién ti 1¢ cua cac VMSs giita 2
pha khi va hat. Ngoai trir L8, cac VMSs con lai
thé hién xu huéng ton tai trong pha khi nhiéu hon
pha hat, dac biét 14 cac VMSs c6 phan tir khdi
thap nhu D3 (83 + 23% trong pha khi), D4 (79 +
27%) hay L4 (79 + 24%). Cac VMSs c6 phan tir
khéi cao c6 ti Ié trong pha hat dang ké, vi du nhu
D6 (42 + 32% trong pha hat), L9 (45 + 28%) va
dic biét 1a L8 (60 + 26%). Thong tin vé can bang
pha khi-hat caa VMSs trong khéng khi con
tuong dbi han ché do cac nghién ctu vé ching
trude day chi yéu quan tim dén pha khi. Vi vay
cac so lieu vé VMSs trong ca 2 pha khi va hat
cua ching ti cung cap nhitng dit liéu co ban va
hoan chinh vé du phan b cua VMSs trong
khdng khi trong nha tai Viét Nam. Pac trung tich
lity cia VMSs trong pha hat twong dbi thong nhat
véi cac mau khong khi tai Albany, New York,
M7 [7] va cAc mau bui trong nha thu thap tai Viét
Nam va cac nudc khéc trén thé gidi, trong d6 D5
va L8 la cac hop chat c6 nong do cao dang ké [8].
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3.3. Pdnh gid nguon goc cua ester phthalate

Két qua phan tich PCA ddi véi tap sé liu
nong d6 PAEs trong pha khi va pha hat duoc
trinh bay trén Hinh 3. Trong pha hat, 3 nhém chat
c6 mdi lién hé khé rd rang bao gom: (DnHP,
BzBP), (DCHP, DEHP, DnOP) va (DEP, DiBP,
DBP). Trong pha khi, sy phdn nhdm cé nhiing
khac biét nhat dinh so voi pha hat: (DEP, DiBP,
DBP, DEHP, DnOP) va (DPP, BzBP). Két qua
phan tich tuong quan da chi ra mdi lién hé dong
bién gira (DnHP, BzBP) va (DCHP, DnOP)
trong pha khi; cung vaoi (DEP, DBP) va (DPP,
BzBP) trong pha hat. Cac mdi lién hé nay cho
thy, ngoai trir trudng hop cua DiBP va DBP a
mot cap ddng phan vai cac tinh chét héa Iy rat
gidng nhau nén c6 cung phuong thirc ton tai va
van chuyén trong méi truong, thi cac méi lién hé
khac lai khdng phan anh rd vai trd cua tinh chat
hoa ly dén s phan nhém PAEs.

Nhu vay, can phai xem xét dén yéu té pham
vi va mirc d6 tng dung cta cac PAEs va anh
huéng cua yéu td nay dén su phan bd PAEs tai
khu vuc nghién cau. DEP va DBP 4 thanh phan
trong mot sé loai dung méi cong nghiép, dung
mai trong nudc hoa, chat két dinh, muc, chat diét
con trung, dugc pham va my pham [15]. Trong
khi d6 cac PAEs nhuv DBP, DEHP, DCHP va
DnOP duoc dung 1am chat déo héa trong cong
nghiép polymer ciing nhu c¢6 mat trong cac san
pham nhua va vat liéu xay dung va ndi that vi du
nhu céc loai son va chat két dinh [3,16,17]. PAEs
cling c6 thé dwoc phét thai tir nhitng ngudn tur
bén ngoai nhu phuong tién giao théng va vat liéu
xay dung cua cac co s ha tang [18]. Méi tuong
quan dang ké gita DEHP, DCHP, DBP va DiBP
ciing duoc phét hién trong mau bui trén mat
duong tai mién Bac Viét Nam [19]. Méi quan hé
gitra DnHP va BzBP tuy duoc chi ra nhung day
la cac chat c6 nong do tuong dbi thap véi muc
ham lwong trong mot s6 mau duéi giéi han dmh
luong, do d6 chung t6i khong ban luan cy thé vé
su twong quan cta 2 hop chat nay.
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Hinh 3. Két qua phan tich PCA d4i véi nong do
PAEs trong pha khi va pha hat cua mau khong khi
trong nha tai mién Bac Viét Nam.

Viéc danh gia ngudn phét thai cua PAEs
trong khong khi trong nha 14 twong ddi phuc tap
do mot s6 PAES la cu tir chinh trong cac ddi
tuong moi truong (vi du nhu DBP) dugc tng
dung rong réi trong nhiéu linh vuc khéc nhau.
Hon nita, khi cac vat liéu va san phiam c6 chira
PAEs cung duoc sir dung trong nha thi rat kho
dé quy két sy phat thai cua tieng PAES ra moi
truong khdng khi tng véi mot ngudn cu thé nao,
dic biét 1a khi ching ta khong c6 s6 liéu do dac
thuc té vé nong do cua cac PAES trong ngudn
phat thai cua chung. Thém vao do, cac nghién
ctru téng thé hon, quan tdm dén ca can bang giira
khong khi va bui ling ciing nhu méi lién hé gitra
khong khi trong nha va ngoai troi 1a can thiét dé
c6 thé danh gia mot cach diy du va chinh xéac
hon vé nguon phét thai cia PAES.
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3.4. Pdnh gid nguon goc cua methyl siloxane

Két qua phan tich tuong quan va PCA ddi
V6i tap so liu VMSs trong khong khi da chi ra
mbi lién hé tuong dbi rd rang gitra cac chat trong
nhém CVMSs (dac biét la D4, D5, D6 trong ca
2 pha khi va hat) va trong nhém LVMSs (dac biét
la L8 va L9 trong pha hat). Mac du sy tuong quan
cia CVMSs va LVMSs 1a ¢ y nghia thong ké (p
<0,001) nhung hé sb twong quan twong ddi thap
(R = 0,498 va 0,356 cho pha hat va pha khi,
tuong tng). Céc dit lidu nay gop phan dua ra mot
gia thuyét ring CVMSs va LVMSs clng c6
nhiéu tng dung trong khéng gian trong nha
nhung trén cac ddi twong khac nhau. CVMSs
dugc tim thdy chu yéu trong cac san phim chim
s6c téc, my pham va dung cu nha bép tai My va
Nhat Ban [20]; trong khi LVMSs lai c6 ndng do
cao hon trong nhiéu san pham tiéu dung khéc
nhau nhu san pham cham soc ¢4 nhan, d6 ding
cho tré em va céc rng dung khéc trén thi trueong
Trung Quéc [21,22]. Tai Viét Nam, ham luong
cia CVMSs (D4, D5 va D6) ciing da dugc xac
dinh trong cac san pham cham séc toc (8,77 dén
515 ug/g) va cac san pham nay dugc danh gia la
ngudn phét thai chinh cua VMSs ra médi trudng
khong khi va bui tai cac salon toc & Ha Noi [10].
Tuy nhién, dit liéu vé su ton tai cia VMSs, dic
biét 1a cac LVMSs trong cac loai san pham tiéu
dung khac nhau tai Viét Nam con rét han ché,
dan dén nhitng kho khan nhat dinh cho viéc danh
gia nguon phat thai cua cac chat 6 nhidém nay.

3.5. Pdnh gid so bé vé mai lién hé giira ester
phthalate va methyl siloxane trong khéng khi

Theo hiéu biét cua ching toi, hién chua c6
thong tin vé sy ton tai dong thoi va mdi lién hé
cua PAEs va VMSs trong khéng khi. Do do,
chung t6i da tién hanh mot s6 phép phan tich va
danh gia thong ké so bo d6i vai toan bo tap sb
liéu vé 2 nhoém chat nay trong mau khong khi tai
Viét Nam. Khdng c¢6 mdi twong quan dang ké
giita ndng do tong PAEs va VMSs trong khdng
khi (R = 0,423, p < 0,001). Tuy nhién, két qua
phan tich PCA di chi ra mdi lién hé giita mot s6
PAEs va VMSs, vi du nhu DEP, D4, D5, D6 va
L8 trong pha hat va DEP, DiBP, D3, D4, D5 va

D6 trong pha khi. Phuong phap phan tich twong
quan ciing tiét 16 su twong dong giira DEP va D5
trong pha hat (R = 0,683, p < 0,001) ciing nhu
gitta DCHP va L9 trong pha khi (R = 0,615, p <
0,001). Méi lién hé nay c6 thé dugc giai thich boi
2 nguyén nhan: i) cAc PAEs phan tir khéi thip
(dién hinh 1a DEP) dugc dung lam dung moi
hoac phu gia trong cac san pham chidm soc ca
nhan c6 chua VMSs, va ii) cdc PAEs phan tu
khéi cao (vi du nhw DEHP hay DCHP) ¢6 trong
nhya cua vo chai chira cac san pham cham soc
ca nhan. Tuy nhién, cac gia thuyét ndy can duoc
kiém chang bang sé liéu do dac thyc té trong thoi
gian tai.

Loading Plot of D3, ..., L9
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Hinh 4. Két qua phan tich PCA ddi véi ndng do
VMSs trong pha khi va pha hgt cua mau khoéng khi
trong nha tai mién Bac Viét Nam.

4. Két luan

Pic trung can bang pha khi-hat cua 10
PAEs, 4 CVMSs va 6 LVMSs dugc danh gia
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trong gan 100 mau khdng khi trong nha tai mién
Bac Viét Nam. Xu huéng phan bd cua cac chat
nghién ciru xac dinh bai s6 liéu do dac thyc té
hoan toan pht hop vai céc tinh toan ly thuyét.
Theo d6, cac hop chat c6 phan tir khdi thap nhur
DMP, DEP, D3, D4 va L4 ton tai cha yéu trong
pha khi (trung binh khoang 80%), trong khi cac
hop chat kho bay hoi hon nhu DEHP hay L8 lai
tich 1ty manh trong pha hat (trung binh khoang
60 dén 70%). Méi lién hé giira cac chat nghién
ciru dugc danh gia trong tung nhom cling nhu
trén toan bo tap sé liéu bang phuong phap phan
tich trong quan Pearson va phan tich thanh phan
chinh PCA. Bén canh sy tuong quan giira Cac
chat trong tirng nhdm caa ching do ngudn géc,
ng dung va tinh chét twong tu thi mi lién hé
gitta mot s6 PAEs va VMSs ciing duoc chi ra.
Dua trén cac dir liéu so bo nay, viéc thuc hién
cac nghién ctu tong thé hon 1a rat can thiét, vi
du nhu dénh gia sy 6 nhidm PAEs va VMSs dong
thoi trong moéi truong trong nha va ngoai troi
cling nhu cac san pham tiéu dung khéac nhau trén
thi truong & nudc ta.
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(NAFOSTED) trong d¢ tai ma sé 104.01-
2018.314.

Tai li€éu tham khao

[1] I. Kimber, J.R. Dearman, An assessment of the
ability of phthalates to influence immune and
allergic responses. Toxicology 271(3) (2010)
73-82. https://doi.org/10.1016/j.tox.2010.03.020.

[2] C. Christia, G. Poma, S. Harrad, C.A. de Wit, Y.
Sjostrom, P. Leonards, M. Lamoree, A. Covaci,
Occurrence of legacy and alternative plasticizers
in indoor dust from various EU countries and
implications for human exposure via dust
ingestion and dermal absorption. Environ. Res.
171 (2019) 204-212. https://doi.org/10.1016/j].
envres.2018.11.034.

[3] S. Net, R. Sempéré, A. Delmont, A. Paluselli, B.
Ouddane, Occurrence, fate, behavior and
ecotoxicological state of phthalates in different

environmental matrices. Environ. Sci. Technol.
49(7) (2015) 4019-4035. https://doi.org/10.1021/
es505233b.

[4] K. Mojsiewicz-Pienkowska, D. Krenczkowska,
Evolution of consciouness of exposure to
siloxanes—review of publications. Chemosphere
191 (2018) 204-217. https://doi.org/10.1016/).
chemosphere.2017.10.045.

[5] T.M. Tran, A.Q. Hoang, S.T. Le, T.B. Minh, K.
Kannan, A review of contamination status,
emission sources, and human exposure to volatile
methyl siloxanes (VMSs) in indoor environments.
Sci. Total Environ. 691 (2019) 584-594.
https://doi.org/10.1016/j.scitotenv.2019.07.168.

[6] K. Gaj, A. Pakuluk, Volatile methyl siloxanes as
potential hazardous air pollutants. Pol. J. Environ.
Stud. 24(3) (2015) 937-943. https://doi.org/10.
15244/pjoes/34668.

[7] T.M. Tran, K. Kannan, Occurrence of cyclic and
linear siloxanes in indoor air from Albany, New
York, USA, and its implications for inhalation
exposure. Sci. Total Environ. 511 (2015) 138-144.
https://doi.org/10.1016/j.scitotenv.2014.12.022.

[8] T.M. Tran, K.O. Abualnaja, G.A. Asimakopoulos,
A. Covaci, B. Gevao, B. Johnson-Restrepo, A.T.
Kumosani, G. Malarvannan, T.B. Minh, B.H.
Moon, H. Nakata, K.R. Sinha, K. Kannan, A
survey of cyclic and linear siloxanes in indoor dust
and their implications for human exposures in
twelve countries. Environ. Int. 78 (2015) 39-44.
https://doi.org/10.1016/j.envint.2015.02.011.

[9] T.M. Tran, H.T. Le, N.D. Vu, G.H.M. Dang, T.B.
Minh, K. Kannan, Cyclic and linear siloxanes in
indoor air from several Northern cities in Vietnam:
levels, spatial distribution and human exposure.
Chemosphere 184 (2017) 1117-1124. https://doi.
0rg/10.1016/j.chemosphere.2017.06.092.

[10] T.M. Tran, T.B. Minh, N.D. Vu, Cyclic siloxanes
in indoor environments from hair salons in Hanoi,
Vietnam: emission sources, spatial distribution,
and implications for human  exposure.
Chemosphere 212 (2018) 330-336. https://doi.
0rg/10.1016/j.chemosphere.2018.08.101.

[11] T.M. Tran, H.T. Le, T.B. Minh, K. Kannan,
Occurrence of phthalate diesters in indoor air from
several Northern cities in Vietnam, and its
implication for human exposure. Sci. Total
Environ. 601-602 (2018) 1695-1701. https://doi.
0rg/10.1016/j.scitotenv.2017.06.016.

[12] T.M. Tran, T.B. Minh, T.A. Kumosani, K.
Kannan, Occurrence of phthalate diesters
(phthalates), p-hydroxybenzoic acid esters
(parabens), bisphenol A diglycidyl ether
(BADGE) and their derivatives in indoor dust


https://doi.org/10.1016/j.tox.2010.03.020
https://doi.org/10.1016/j.%20envres.2018.11.034
https://doi.org/10.1016/j.%20envres.2018.11.034
https://doi.org/10.1021/%20es505233b
https://doi.org/10.1021/%20es505233b
https://doi.org/10.1016/j.%20chemosphere.2017.10.045
https://doi.org/10.1016/j.%20chemosphere.2017.10.045
https://doi.org/10.1016/j.scitotenv.2019.07.168
https://doi.org/10.%2015244/pjoes/34668
https://doi.org/10.%2015244/pjoes/34668
https://doi.org/10.1016/j.scitotenv.2014.12.022
https://doi.org/10.1016/j.envint.2015.02.011

80

[13]

[14]

[15]

[16]

[17]

H.Q. Anh et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 36, No. 1 (2020) 72-80

from Vietnam: Implications for exposure.
Chemosphere 144 (2016) 1553-1559. https://doi.
0rg/10.1016/j.chemosphere.2015.10.028.

H.Q. Anh, K. Tomioka, N.M. Tue, L.H. Tuyen,
N.K. Chi, T.B. Minh, P.H. Viet, S. Takahashi, A
preliminary investigation of 942 organic micro-
pollutants in the atmosphere in waste processing
and urban areas, northern Vietnam: Levels,
potential sources, and risk assessment. Ecotoxicol.
Environ. Saf. 167 (2019) 354-364. https://doi.org/
10.1016/j.ecoenv.2018.10.026.

X. Wang, W. Tao, Y. Xu, J. Feng, F. Wang, Indoor
phthalate concentration and exposure in
residential and office buildings in Xi’an, China.
Atmos. Environ. 87 (2014) 146—152. https://doi.
0rg/10.1016/j.atmosenv.2014.01.018.

D. Koniecki, R. Wang, R.P. Moody, J. Zhu,
Phthalates in cosmetic and personal care products:
concentrations and possible dermal exposure.
Environ. Res. 111(3) (2011) 329-336. https://doi.
0rg/10.1016/j.envres.2011.01.013.

J. Zhao, Y. Ji, Z. Zhu, W. Zhang, L. Zhang, J.
Zhao, PAEs occurrence and sources in road dust
and soil in/around parks in May in Tianjin, China.
Ecotoxicol. Environ. Saf. 147 (2018) 238-244.
https://doi.org/10.1016/j.ecoenv.2017.08.014.

T. Otake, J. Yoshinaga, Y. Yanagisawa, Exposure
to phthalate esters from indoor environment. J.
Expo. Sci. Environ. Epidemiol. 14 (2004) 524—
528. https://www.nature.com/articles/7500352.

(18]

[19]

[20]

[21]

[22]

A. Markiewicz, K. Bjorklund, E. Eriksson, Y.
Kalmykova, A.M. Stromvall, A. Siopi, Emissions
of organic pollutants from traffic and roads:
priority pollutants selection and substance flow
analysis. Sci. Total Environ. 580 (2017) 1162-1174.
https://doi.org/10.1016/j.scitotenv.2016.12.074.
H.Q. Anh, T.M. Tran, N.T.T. Thuy, T.B. Minh, S.
Takahashi, Screening analysis of organic micro-
pollutants in road dusts from some areas in
northern Vietnam: A preliminary investigation on
contamination status, potential sources, human
exposure, and ecological risk. Chemosphere 224
(2019)  428-436. https://doi.org/10.1016/j.
chemosphere. 2019.02.177.

Y. Horii, K. Kannan, Survey of organosilicone
compounds, including cyclic and linear siloxanes,
in personal-care and household products. Arch.
Environ. Contam. Toxicol. 55 (2008) 701-710.
https://doi.org/10.1007/s00244-008-9172-z.

L. Xu, Y. Shi, N. Liu, Y. Cai, Methyl siloxanes in
environmental matrices and human/fat from both
general industries and residential areas in China.
Sci. Total Environ. 505 (2015) 454-463. https://
doi.org/10.1016/j.scitotenv.2014.10.039.

L. Xu, L. Zhi, Y. Cai, Methylsiloxanes in children
silicone-containing products from China: profiles,
leaching, and children exposure. Environ. Int. 101
(2017) 165-172. https://doi.org/10.1016/j.envint.
2017.01.022.


https://doi.org/%2010.1016/j.ecoenv.2018.10.026
https://doi.org/%2010.1016/j.ecoenv.2018.10.026
https://doi.org/10.1016/j.ecoenv.2017.08.014
https://www.nature.com/articles/7500352
https://doi.org/10.1016/j.scitotenv.2016.12.074
https://doi.org/10.1016/j.%20chemosphere.%202019.02.177
https://doi.org/10.1016/j.%20chemosphere.%202019.02.177
https://doi.org/10.1016/j.envint.%202017.01.022
https://doi.org/10.1016/j.envint.%202017.01.022

