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Tém tit: Trong nghién ciru nay, ching t6i da tlén hanh thdm dinh quy trinh x4c dinh cac chat
phthalate trong khong khi trong nha. Ddi v6i cac mau khong khi, pha hat duoc thu gitr trén mang
loc thach anh va pha khi dugc thu gilt trén ong polyurethane foam (PUF) bang mot may bom tde
d6 thap trong thoi gian 12 dén 24 tiéng. Cac phthalate thu tir mang loc thach anh va PUF dugc
chiét bﬁng hén hop dichlomethan va hexane, sau d6 tién hanh phén tich trén hé théng sic ki khi
ghép ndi khbi phd (GS/MS). Giéi han dinh lugng phuong phép xac dinh phthalate trong miu
khong khi dao dong tir 1 dén 3 ng/m’, khoang tuyén tinh cua dung dich chuan 1a tir 1 dén 1000
ng/mL. D§ thu hdi cua phuong phéap dao dong tir 67,9% dén 117% véi RSD < 9%. Phuong phap
nay di duoc t&i uu hoa dé xac dinh cac chat phthalate trong khong khi trong nha thu thap tai Ha

Noi, Viét Nam.

Tir khéa: Phthalate, miu khi, mang loc thach anh, polyurethane foam.

1. Giéi thiéu

Phthalate (phthalate diesters) la mot nhom
chat duge su dung pho bién trong cong nghi¢p
(san xuét nhya, san pham chdm soc ¢4 nhan, do
gia dung, vat liéu xay dung,...). Phthalate c6
nhiing thudc tinh khac nhau do trong lugng
phan tir cua chung khac nhau. Mot s6 phthalate
c6 trong lugng phan t& cao nhu di-(2-
ethylhexyl) phthalate (DEHP), di-isodecyl
phthalate (DiDP), di-isononyl phthalate (DiNP)
va di-phthalate -n-octyl (DOP) thuong dugc su
dung lam tang do déo trong vat liéu xay dung,
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dd gd, dd choi bang nhwa. Mot sé phthalate c6
trong lwong phan ti thip nhu dimethyl
phthalate (DMP), diethyl phthalate (DEP) va
dibutyl phthalate (DBP) dugc str dung rong rai
trong cac san phim cham soc ca nhan, son mai,
son va vecni [3-6]. Phthalate cha yéu duoc sir
dung lam chét déo san xuat PVC trong cac san
pham dung trong thiét bi y té, d6 choi, bao bi
thuc pham, dung méi, dugc phdm va my pham
[1,11,16].

Trong mot s6 nghién ctru trude da cho thiy
phthalate ¢6 nguy co anh huong nghiém trong
dbi véi sirc khoe con ngudi nhu ton thuwong
ADN trong nhan tinh tring, cac thong sd tinh
dich cua con ngudi va hormone sinh san. Co
quan qubc té chuyén nghién ctru vé ung thu
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(IARC, 1982) da cong b6 phthalate 1a mot chét
c6 thé gy ung thu cho con nguoi (nhém 2B).
Con nguoi tiép xtic véi phthalate chu yéu qua
mot s0 moi truong nhu bui trong nha, khong
khi, nuc va dat [10, 11], chi yeu thong qua
con dudng ho hép, tiéu hoa, va hip thu qua da
[4, 5]. Ngoai ra, cac nghién ctiu trudc day da
tim thay chat chuyén hoa phthalate trong dich
co thé nhu sita, huyét thanh va nudc tiéu [13]
va phthalate c¢6 thé dugc chuyén hoa thanh cac
hop chat doc hai hon trong co thé con nguoi.
Dén nay, phthalate da dugc do ¢ nhiéu vi méi
truong khac nhau nhu phong thi nghiém, nha
tre va noi lam viéc [12]. Tuy nhién, c6 rét it
nghién ctru dé cap dén sy c6 mat cua phthalate
trong mdi trudng trong nha, dac biét 1a khong
khi trong nha.

Trong nghién clru nay, cac phthalate trong
khong khi trong nha da dugc khdo sat va xac
dinh bang phuong phap sic ky khi ghép ndi
khéi phd (GC-MS). Piéu kién cua phuong phap
sau khi toi vu dd duoc ap dung dé phan tich cac
méu khi trong nha tai Ha Noi cho két qua tdt.

2. Héa chit va thiét bi
2.1. Chat chudn va dung méi

Bay chét chuan phthalate diesters bao gdm:
dimethyl phthalate (DMP), diethyl phthalate
(DEP), dipropyl phthalate (DPP), diisobutyl
phthalate (DiBP), di-n-hexyl phthalate (DnHP)
va di(2-ethylhexyl) phthalate (DEHP) véi d¢
tinh khiét >98% cua hang Sigma-Aldrich (MO,
Hoa ky). benzyl butyl phthalate (BzBP) véi d6
tinh khiét 99,9% cua hang Supelco (Bellefonte,
PA, Hoa ky). Bay chat dong vi dotori (ds-
phthalate) cta timg chit phthalate twong tng
v6i 4o tinh khiét >99%, cua hiang Dr.
Ehrenstorfer (DPurc), dugc sir dung lam chat
ddng hanh.

Cac dung moi n-hexane va acetone, voi do
tinh khiét sic ky, cua hing Merck KGaA
(Darmstadt, Puc) va dichloromethane véi d6
tinh khiét sic ky, ciia hang Fisher Scientific UK
(LE11 5RG, Vuong qudc Anh). Cac chit chuin

va chat ndi chuan déu dugc pha trong dung moéi
n-hexane.

2.2. Thiét bi

Bay phthalate dugc phén tich trén may sic
ky khi (GC-7890B) ghép nbi detector khdi phd
(MS-5977A) cua hang Agilent Technologies.
Qua trinh phan tach sdc ky duogc thyc hién trén
cOt mao quan BD-5MS cua hang Agilent; (5%
diphenyl 95% dimethylpolysiloxane, dai 30 m,
duong kinh trong 0,25 mm va d§ day mang pha
tinh 0,25 pm). Mau duogc bom & ché d6 khong
chia dong véi thé tich 2 pl.

Piéu kién lam viéc cua hé théng GC-MS
dua trén cac nghién cuu da dugc cong bd véi
mdt s6 thay dbi nho [9, 10]. Nhiét do cong bom
mau: 200°C. Nhiét d6 budng cot: 80°C (giir 1,0
phut) dén 180°C vdi tée do 12°C/phit (giir 1,0
phut), ting 1én 230°C véi téc do 6°C/phut, sau
do tang 1én 270°C véi toe do 8°C/phut (giir 2,0
phit), va cubi cing ting 1én 280°C vdi tée do
30°C/phat (gitt 12,0 phat). Nhiét d6 phan két
nbi (interface): 250°C va nhiét d6 phan MS:
280°C. Manh ion m/z 163 dung dé quan sat dinh
lugng DMP va manh ion m/z 149 dung dé quan
sat dinh lugng cac phthalates con lai. Manh ion
m/z 177 d6i véi DEP, m/z 233 dbi voi DiBP,
m/z 223 va m/z 206 d6i véi BzBP, m/z 167 va
m/z 279 @6i voi DEHP, va m/z 279 dbi véi
DnHP dugc st dung tuwong ung cho viéc xac
nhan cac chat phan tich [6, 9]. Manh ion m/z
167 dung dé quan sat dinh lugng d4-DMP va
manh m/z 153 dung dé quan sat dinh luong ddi
voi cac chat ddng hanh con lai.

2.3. Thu mau

Ong polyurethane foam (ORBO-1000 PUF
¢6 duodng kinh trong 2,2 cm va chidu dai 7,6
cm) cua hang Supelco (Bellefonte, PA, Hoa
ky). Theo Tran va Kannan 2015, viéc lam sach
PUF trudc khi sir dung dé thu mau 1a can thiét
[11, 12]. Hai éng PUF dugc lam sach bang cach
chiét lic voi 100 ml hdn hop dichloromethane
va n-hexane (ty 1& 3:2 vé& thé tich) trong thoi
gian 20 phut va ldp lai 1an tha hai véi 80 ml hdn
hop dung moi trén. Mang loc thach anh cia
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hiang Whatman, kich thuéc 16 2,2 um, duong
kinh ngoai 32 mm) dugc chuan bi bang cach
siy & 350°C trong 20 gio, sau do duogc giir &
100°C cho dén khi st dung. Trudce va sau khi
thu mau, mang loc thach anh da dwogc can (sir
dung can phan tich, sai s 0,01 mg) nhim xéc
dinh lugng hat bui thu dugc tu trong khong khi.

Hai 6ng PUF duoc gilt trong mot 6ng thuy
tinh (cia hang ACE glass, duong kinh trong 2,2
cm va chidu dai 25 cm) va mang loc thach anh
chira trong mot hop bang Teflon (Supelco, PUF
filter cartridge assembly) duoc gin trén dau cia
dng thity tinh d chira hai dng FUF.

Khong khi trong nha dugc thu trong khoang
thoi gian 12 dén 24 gio nho mot bom hut toe do
thép (LP-7; A.P. Buck Inc., Orlando, FL, Hoa
ky) véi toc do dong 4 lit/phit. Tong thé tich
khong khi thu dugc & mdi dia diém nam trong
khoang 2,88 m® dén 5,76 m’. Mau khong khi
(bao gdm ca PUFs va mang loc thach anh) dwoc
gitt & -18°C cho dén khi phan tich va thoi gian
lwu mau trude khi phén tich khong qua 2 tuan.

2.4. Chudn bi mau

Véi pha hoi (thu gilt trén hai polyurethane
foam (PUF)) va thém 100 ng chat déng hanh
d4-phthalates (tror d,-DEHP 1a 500 ng) vao hai
PUF. Tién hanh chiét 1an 1 v6i 100 ml hdn hop
dichloromethane (DCM) va hexane (3:2, v:v),
lan 2 v6i 80 ml hon hop DCM va hexane (3:2,
v:v). Mbi lan chiét miu déu dwoc lic trén may
Orbital Shaker-SSM1 véi téc @ 250 vong/phit

3.2. Quy trinh chudn bj mdu tring

trong 30 phut. Toan bd dich chiét duoc co can
dén khoang 7ml bing may cb6 quay chan
khong, phan dung dich sau khi c6 quay dwoc
chuyén sang 6ng nghiém nho 15 ml, sau do6
dugc ¢b can bang dong N, dén 1 ml. Cudi cing
chuyén sang 1o nho (GC vial) ¢ tién hanh phéan
tich sic ki.

Vi pha hat (da dugc thu gili trén mang loc
quartz) va thém 100 ng chat dong hanh d,-
phthalate (trir DEHP 1a 500 ng) dugc thém vao
mau mang loc. Sau d6 chiét bang cach lic véi 5
ml hdn hop dichloromethane (DCM) va hexane
(3:2, viv) trong 5 phat. Qua trinh chiét duoc lap
lai thém hai 1an. Toan b ph?m dich chiét duoc
chuyén sang 6ng nghiém 15 ml va dich chiét
sau d6 duoc cd can bang dong N, dén 1 ml va
phan tich sic ki.

3. Két qua va thio luin
3.1. Puong chudn va khodng tuyén tinh

Trong phuwong phép nay, khoang ndng do
tuyén tinh cua cac phthalate dugc xac dinh tir
giéi han dinh lwong dén diém ndng do 16n nhét
ctia duong chuan va khoang d6 tir 1 dén 1000
ng/ml. Phuong trinh dudng chuan di dugc xay
dung tir cac diém chuan tuong ung véi timg
chit (7 diém chuan). Hé s6 hdi quy tuyén tinh
(R?) ctia cac phuong trinh dudng chuan déu dat
>(,995.

Béang 1. Ham lugng cac phthalate c¢6 trong mdi éng PUF méi (ng)

Ham lugng phthalate c6 trong mdi dng PUF méi (ng)

Lan DMP DEP DPP DiBP DnHP BzBP DEHP

1 4,11 2,65 560 239 KPH 195 580

2 3,16 770 10,6 5,02 KPH 2,67 157

3 2,51 105 146 4,40 KPH 500 6,18

4 KPH 325 622 421 KPH KPH 203
TB 245 6,03 926 4,01 KPH 241 120

KPH: khong phat hién; PUF: polyurethane foam; TB: trung binh
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Qua trinh xac dinh ham lugng ctia cac
phthalate trong pha hoi va pha hat déu duogc
chiét voi hon hgp dung moéi theo quy trinh da
néu ¢ trén va sau d6 dich chiét thu dugc dem
phan tich bang k¥ thuat GC-MS. Qua bdn lan
tién hanh thi nghiém déu cho két qua la trong
cac PUF déu c6 chira phthalate, cu thé tir két
qua bang 1 nhan thdy la DMP, DEP, DPP,
DiBP, BzBP, DEHP lan luot 1a: 2,5+ 1,1; 6,0 +
38,93+43;40+1,2;24+1,5 120+73

3.3. Gidi han phat hién va gidi han dinh luong
cua phwong phdp

Gidi han phat hién (LOD) va gidi han dinh
Iuong (LOQ) cua phuong phap dugc xac dinh
trén thé tich mau khong khi thu dugc trung binh
1a 3,6 m®; khdi lugng hat trong khong khi thu
duogc 13 0,35 mg va diém thip nhit trén dudng
chuén ¢ ti 1¢ véi tin hidu/nhiéu lan lugt 1a 3 va
10. Gidi han dinh lugng LOQ trong pha hoi, tir

0,25 dén 3,15 ng/m3 va trong pha hat tir 3,0 dén
25 ng/mg.

ng. Piéu nay cho thdy viéc lam sach cac PUF
va xac dinh céc phthalate c6 trong miu tring
(gdm ca d6 sach cua PUF va dung méi, dung
cu) 1 can thiét. Cac gia tri phthalate bao cao
déu da trr lugng phthalate trung binh c6 trong

3.4. Dé lap lai

mau trang.
Bang 2. D6 thu hdi tinh theo cac chat ddng hanh (ds-phthalate)
D¢ thu hdi ciia cac dy-phthalate thém vao cic miu tring (%)
Lin d,DMP d,DEP d,DPP d,DiBP d DnHP d,BzBP d,DEHP
1 67,9 87,9 992 944 698 937 105
2 98,5 101 114 116 104 982 116
3 s 792 102 927 100 117 988
4 733 945 108 788 799 695 727
5 77,7 937 695 91,0 83,1 845 759
6 689 770 768 87,0 997 755 849
TB 83,6 889 949 933 894 89,7 922
KPH: khong phét hién; PUF: polyurethane foam; TB: trung binh
Tir két qua ¢ bang 2 cho thiy khi thém vao ne/me
x < r A A \ 4 A EDMP B DEP DPP E DIBP M BzBP DEHP
mau trang, cac chat dong hanh d,-DMP co6 d¢ 0
thu hoi tir 67,9-115%, ds-DEP c6 do thu hoi t 100
77-101%, d4-DPP c6 d¢ thu hoi tir 69,5-114%, 50
d4-DiBP c6 d6 thu hoi tu 78,8-116%, ds-DnHP -
cd d6 thu hoi tir 69,8-104%, d,-DEHP ¢6 d¢ thu
hoi tir 72,7-116% va ds- BzBP ¢6 d6 thu hoi tir e
69,5-117%. 20
{ \ 2 P Ay A X o
3.5. Ap dung quy trinh dé phan tich mot s6 mau M1 M2 w3 Ma s Me

khong khi trong nha thu tai Ha Noi
Hinh 1. Nong d6 cac phthalate trong pha hat cua

3.5.1. N&ng dé phthalate trong pha hat va mAu khong khi thu tai Ha Noi, Viét Nam.

pha hoi
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Trong nghién cliru nay, chung t6i da lya
chon thanh phd Ha Noi, Viét Nam 14 noi thu
thap cac mau khong khi trong cac ho gia dinh,
thoi gian thu mau trong hai thang 11 va 12 nam
2016. Qua trinh thu miu, xtr Iy va phan tich
mau déu duge thue hién theo quy trinh da dugc
t6i wu. Va ndng do phthalate duoc xac dinh
trong cé pha hat va pha hoi.

Tir két qua thu dugc biéu thi qua hinh 1,
nhan thiy, & pha hat, nong d6 DMP va BzBP
dao dong lan luot tir khong phat hién dén 20,1
ng/mg va tir khéng phat hién dén 16,7 ng/mg,
trong d6, khong phat hién (KPH) thiy DMP
trong mau M1, M3, M5 va khéng phat hién
thiy BzBP trong mau M1 va M3. Béi vi DEP
va DEHP, ndng d6 cia chung trong cic mau
dao dong lan luot tir 9,89-60,2 ng/mg va 15,8-
106 ng/mg. Déi véi DPP va DiBP, nong do cua
chiung trong cac miu dao dong lan luot tir
khong phat hién dén 27,1 ng/mg va tir khong
phat hién dén 28,2 ng/mg, trong d6, khong phat
hién thdy DPP va DiBP trong mau M1, M2,
M3. Va khong phat hién thiy DnHP trong tat ca
6 mau.

3
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Hinh 2. Néng d6 céc phthalate trong pha hoi cia
mau khong khi thu tai Ha N¢i, Viét Nam.

Tir két qua thu duoc biéu thi qua hinh 2,
nhan thiy, & pha hoi, ndng d6 DMP va BzBP
trong cic miu dao dong lan luot tir khong phat
hién dén 20,4 ng/m’ va tir khong phat hién dén
10,2 ng/m’, trong do, khong phat hién théy
DMP trong mau M4 va khong phat hién thay
BzBP trong mau M2, M4. Dbi véi DEP, nong
dd ctia né trong cac mau dao dong tir 14,8-128
ng/m’. Pbi v6i DPP va DEHP, nong do cua

ching trong cac miu dao dong lan luot tir
khong phat hién dén 8,89 ng/m’va tir khong
phat hién dén 13,5 ng/m’, trong d6, khong phat
hién thiy DPP trong miu M1, M2, M4 va
khong phat hién thdy DEHP trong mau MI,
M2, M4, M6. Con DnHP va DiBP thi khong
phat hién thay trong tt ca 6 mau.

3.5.2. Nong dé phthalate trong khéng khi

Nong do phthalate trong khong khi (gdm ca
pha hat va pha hot) da dugc tinh toan cho thiy,
nong do DMP trong khong khi ¢ cac mau dao
dong tir 3,93-20,4 ng/m’, ndng d6 DEP dao
dong tur 20,4-133,9 ng/m3, noéng d6 DPP dao
dong tir 7,4-11,5 ng/m’, ndng d6 DiBP khong
phat hién thay trong pha hoi con trong pha hat
noéng d6 DiBP dao dong tir 8,29-28,2 ng/m’,
noéng d6 BzBP dao dong tir 4,8-16,7 ng/m’,
nf‘)ng do DEHP dao dong tor 14,3-106 ng/m3 ,
riéng DnHP khong tim thdy trong ca pha hat va
pha hoi.

Trong nghién ciru ciia Tran Manh Tri va
Kurunthachalam Kannan [11] vé phthalatetrong
khong khi trong nha & Albany, New York, My
thi nong d6 cua DEP da dugc tim thdy trong tat
ca cac mau khong khi trong nha ¢ ndng dé cao
nhét, gia tri dao dong tir 4,83-2250 ng/m’ (trung
binh (TB): 152 ng/m’), ndng d6 DBP dao dong
tir 4,05-1170 ng/m’ (TB: 63,3 ng/m’), DiBP dao
dong tir 2,95-1380 ng/m’ (TB: 48,8 ng/m’),
noéng d6 DMP dao dong tir 0,57-120 ng/m’*(TB:
34,4 ng/m®), DnHP tir khong phat hién dén 3,44
ng/m*(TB: dudi gidi han dinh lu’qng), ndng do
BzBP dao dong tir 0,98-61,3 ng/m’ (TB: 5,64
ng/m ), ndng d6 DEHP dao dong tir 5,88- 706
ng/m’ (TB: 379 ng/m’). Két qua chi ra rang,
nhin chung ndng do cac phthalate tim thiy
trong khong khi trong nha tai Ha Noi, Viét Nam
thip hon tai Albany New York, Hoa ky.

4. Két luin

Pay 1a bao cdo dau tién vé viéc chuin hoa
phuong phap xac dinh phthalate trong khong
khi trong nha tai Viét Nam. Trong nghién ctru
nay, chiing t6i da phan tich cac phthalate bao
gdbm DMP, DEP, DPP, DiBP, DnHP, BzBP va
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DEHP trong cic mau khong khi trong nha. Do
thu hoi ctia phuong phap tir 67,9% dén 117%.
Céc gia tri giéi han dinh lugng phuong phap lan
luot 12 0,25 ng/m va 3,0 ng/mg cho pha hoi va
pha hat. Cac diéu kién t6i wu da duoc - ap dung
dé xac dinh cac phthalate trong sau mau khong
khi trong nha thu thdp & Ha Noi, Viét Nam cho
do thu hoi khd cao.
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Study on Determination Method of Phthalates from Indoor Air

by Gas Chromatograph Tandem Mass Spectrometry
Technique (GC/MS)

Le Thi Hanh, Nguyen Le Hoai Linh, Vu Thi Dung,
Le Minh Thuy, Nguyen Hung Thai, Tu Binh Minh, Tran Manh Tri

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

Abstract: In this report, the determination method of phthalates in indoor air has been studied. For
air samples, the particulate phase was kept on a quartz fiber filter and the gas phase was collected on
two polyurethane foams (PUFs) by a low speed pump during a period of 12 to 24 h. The target
compounds were extracted from filter and PUFs by mixture of dichlomethane and n-hexane and
performed on a GS/MS system. The method quantification limit of siloxane in the air samples ranged
from 1 to 3 ng/m’, the linear range of standard solution was from 1 to 1000 ng/mL. The recoveries of
method ranged from 67,9% to 117% with a RSD < 9% for both of analysis and surrogate compounds.
The optimized method was applied for determination of siloxane in indoor air collected from Hanoi,
Vietnam.

Keywords: Phthalates, di-(2-ethylhexyl) phthalate, indoor air, quartz fiber filter, polyurethane
foam.



