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SUMMARY

OPTIMIZATION OF THE EXTRACTION METHOD FOR ORGANOPHOSPHATE
FLAME RETARDANTS IN INDOOR DUST AND ANALYSIS ON A GAS
CHROMATOGRAPHY MASS SPECTROMETRY (GC/MS)

The widespread use of organophosphate flame retardants in commercial and industrial products has
led to their increased presence in the environment. The aim of this study is to optimize the extraction
and analytical procedure for simultaneous determination of 15 organophosphate flame retardants
(OPFRs) in air particle sample. The determination and quantification of OPFRs in air particle samples
were performed using gas chromatography mass spectrometry (GC-MS) with selected ion monitoring
(SIM). OPFRs in air particle sample were extracted by ultrasonic extraction with dichloromethane in
dark, followed by purification using florisil solid phase extraction (SPE) column and determination by
GC/MS-SIM. The results show that this pre-treatment method is simple, quick, effective and less solvent
consumption. The recoveries of OPFRs were from 88,2% to 104%, with relative standard deviation of
below 4,14%. This method showed a good precision and accuration in the determination of OPFRs in
air particle samples. The method was then successfully applied for determination of organophosphate
flame retardants (OPFRs) in indoor air particle samples collected in Thanh Xuan District - Hanoi.

1. MO PAU 1970 trong mét loat cac san pham nhur lam chat
Chét chéng chay co phot pho 1a cac hop chat ma phu gia trong cac san pham nhu nhwa, bot
nguyén tir hidro cua axit photphoric dugc thay polyurethane, vét liéu xdy dung, dd noi that, dét
thé bang cac nhom thé hidrocacbon khac nhau may, cac thiét bi dién, dién tir [1, 2]... Trong
nhu aryl, ankyl va ankyl clo hoa. Cac hop chét nhiing nim gan day, viéc san xudt va sir dung
nay c6 tac dung e ché hoa hoc dbi voi qua trinh cac OPFRs da ting lén dang ké do kha ning
d6t chay va c6 xu huéng giam tinh dé chay cua chéng chay tuyét voi cta ching va viéc cAm sir
cac san phdm co chira ching. Cac hop chat dung céc polybrominated diphenylethers trén thé

OPFRs da dugc st dung rong rai tir nhitng nam gi6i [3]. Theo s6 liéu di cong bd nam 2013,
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OPFRs dugc st dung trong hoat dong cong
nghiép va doi séng ting 1én 620.000 tan, chiém
30% tong khdi lugng cac chat chéng chay dugc
sur dung trén toan cau [4]. Viéc st dung rong rai
cac hop chat nay trong cac san pham tiéu ding da
dan dén sy phat tan va tich liiy cia chung trong
moi trudng gy nén su phoi nhiém cho con nguoi
va c6 nguy co anh huong x4u dén sirc khoe con
nguoi nhu anh huong gan, tuyén giap, i loan
noi tiét, suy giam hé mién dich, ddc tinh sinh san,
ung thu va tic dung phuy trén sy phat trién ciia
thai nhi, tré so sinh va chic ning than kinh
[7.8,9].

Hau hét cac OPFRs déu la nhirng hop chét hiru
co ban bay hoi, ching chu yéu duge sir dung
lam chit phy gia khong lién két héa hoc véi
céc chat nén nén ching dé dang thoat ra khoi
c4c san pham thong qua sy bay hoi, mai mon
va hoa tan trong sudt qua trinh sir dung [5].
Theo thoi gian, cic chat chong chay nay tich tu
trong khong khi va bui trong nha [10].

Trong cudc séng hién dai ngay nay, phin 16n
hoat dong clia con ngudi dién ra trong nha
(theo nghién ctru cia Cuc Bao v€ Moi truong
MY, con nguoi dung khoang 80-90% thoi gian
cho hoat dong trong nha) do d6 s& tiép xuc
nhiéu vé6i chit gy 6 nhidm trong nha hon 1a
nhitng chat 6 nhiém ngoai troi. Nhidu nghién
clru ciing d chi ra rang, ham lugng cac chit 6
nhiém hiru co trong moi truong trong nha cao
hon méi trudong ngoai troi [10]. Vi vay, viéc
phan tich xac dinh ham luong cac hop chat
OPFRs trong cic mau bui khong khi trong nha
1a hét stc can thiét dé danh gia sy phoi nhiém
cling nhu anh hudng cua cac hop chat nay déi
véi strc khoe con nguoi va dua ra cac bién
phap dé kiém soat sy 6 nhidm boi cac hop chat
do.

Hién nay, trén thé gi¢i dd c6 mot s6 cong trinh
nghién ctru vé cac phuong phap chiét tach va
phan tich cac OPFRs trong mau bui khong khi
nhu phuong phéap chiét soxhlet, chiét siéu 4m
hay chiét dung méi ap luc cao [11,12,13]. Tuy
nhién, & Viét Nam hdu nhu chua c6 nghién ctru
chuyén siu nao vé phuong phap phén tich
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OPFRs trong cac mau buyi khong khi trong nha.
Do do, viéc nghién ctru xay dung mot quy trinh
chiét tach va phan tich dé xac dinh ham lwong
cac chit OPFRs trong mau bui khong khi sao
cho hiéu qua, c¢6 do chinh xac cao nhung don
gian, nhanh chong, tiét kiém dung méi va phu
hop véi didu kién nghién ciru & Viét Nam la
hét strc can thiét.

Vi muc tiéu d6, ching t6i da tién hanh nghién
ctru t6i wu hoa quy trinh chiét siéu 4m dé xac
dinh ham lugng 15 chat OPFRs trong mau buyi
khong khi bang phuong phép sic ky khi khéi
phé (GC-MS). Tir d6, ap dung dé xac dinh va
dinh luong cac OPFRs trong mot s6 mau bui
trong nha & quén Thanh Xuéan - Ha Ngi.

2. THU'C NGHIEM

2.1. Héa chit

Hon hop 15 chat chuin gbc OPFRs: Trietyl
photphat (TEP); Tributyl photphat (TBP);
Tri(2-clo etyl) photphat (TCEP); Tris(1-clo-2-
propyl) photphat (TCPP, hdn hop 3 ddng
phan); Dibutyl phenyl photphat (DBPP);
Tris(1,3-diclo-2-propyl) photphat (TDCPP);
Triphenyl photphat (TPP); Tri(2-butoxyetyl)
photphat (TBEP); 2 - Etyl hexyl diphenyl
photphat (EHDP); Tri(2-etylhexyl) photphat
(TEHP); Tri(2-metylphenyl) photphat (TOCP);
Tri(3-methylphenyl) photphat (TMCP); Tri(4-
methylphenyl) photphat (TPCP) thudc loai tinh
khiét héa hoc, néng d6 1 mg/L dugc mua cua
AccuStandard (New Haven, CT, USA). Dung
dich chét noi chuén hexametyl benzen (HMB,
99.5%) duoc mua cua Ehrenstofer-Sch€afer
Bgm-Schlosser. Dung dich chét chuin dong
hanh: d15-TEP (99.1%), d27-TNBP (98%),
d15-TPHP (98%), and d12-TCEP (98%) thudc
loai tinh khiét hoa hoc, ndng d6 1000 mg/L
dugc mua cua Sigma. Cac dung dich lam vigc
ndng d6 100 ng/mL va 200 ng/mL dugc pha tir
dung dich chuan gbc voi dung moi hexan.

Cac dung mobi diclometan (DCM); axeton
(Ace); hexan (Hex); etyl axetat (EtAc) déu
thudc loai tinh khiét (>99,98%) dung cho
HPLC va GC/MS ctia Merck vé6i d6 tinh khiét
> 99,5% ctia Merck.



Cot chiét pha rén florisil (500 mg/3 mL) cua
Supelco.

2.2. Chuén bi miu thir nghiém va chiét miu
2.2.1. Chudn bi mdu thir nghiém

Can chinh xac khoang 1 g mau bui, kich thudc
hat < 250 pm khong chira cac chat chdng chay
phét pho. Tron céc chat chdng chay co phét pho
vao trong mau bui bang cach: 0,1 g bui trén véi
20 mL axeton thanh dang dung dich bui, thém
ImL hdn hop OPFRs c6 nong d6 mdi chat 200
ng/mL va trén déu bang may lic votex, sau d6
dé bay hoi trong 12 gio trong ta hat dé bay hét
dung méi. Sau d6 nghién min va tron v6i phan
0,9 g bui con lai dé duoc 1 g bui co néng d0 ban
diu ciia mdi chat chdng chay 1a 200 ng/g khdi
Iwong khd. Bao quan trong ti lanh sau ¢ -20°C
dén khi phan tich.

2.2.2. Quy trinh chiét tich va lam sach cic
OPFRs trong mau bui

Can chinh x4c khoang 0,1 g mau byi dwa vao ong
ly tim mau nau thé tich 50 mL. Thém 100 pL
hén hop céc chét chuan ddng hanh (d15-TEP,
d12-TCEP, d27-TNBP, va d15-TPHP) ndng do
250 ng/mL vao mau, thém 20 mL dung méi/ hon
hop dung méi can khao sat vao dng ly tam, lic
vortex 2x1 phut, chiét siéu am 10 phut. Sau do,
mau duge ly tim 10 phit (2000 vong/phut). Dich
chiét duogc thu vao binh qua 1é thé tich 50 mL.
Quy trinh chiét nay dugc lip lai thém hai lan
nira v6i thé tich dung méi sir dung cho mdi lan
1a 15 mL. Tat ca dich chiét dugc c6 quay chan
khong khoang 1 mL, thdi kho boi khi nito, hoa
tan can béng 1 mL hexan. Sau d6 duogc lam sach
qua cot florisil (500 mg/ 3 mL) da hoat hoa
bang 6 mL hexan. Cac OPFRs sau khi duoc
rira giai ra khoi cdt, co can boi khi nito, hoa tan
trong 100 pL iso-octan, thém chat ndi chuan va
phén tich trén thiét bi GC/MS véi ché do SIM.
2.3. Lwra chon dung méi chiét

Céac dung méi va hon hop dung moi khac nhau
nhu DCM, hon hop Hex: DCM (1:1), hon hop
Hex: Ace (3:1), hon hop Hex: Ace (1:1), da
duoc khao sat nhdm lua chon dung moi phu
hop cho viée chiét tach cac hop chiat OPFRs

trong mau bui.
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2.4. Lua chon cét chiét dé 1am sach

Chiét pha ran 1a mot trong nhiing k¥ thuat quan
trong thuong dugc st dung khi lam sach dich
chiét. P& 1am sach dich chiét va loai bo cac
chat gy nhidu, c6 thé st dung cot chiét pha
rén v6i cac chit hap phu trung tinh nhu florisil
va alumina. Alumina c6 kha ning loai bo nhiéu
nén miu nhidu hon, nhung TPP c6 thé bi hap
phu vao nd. Do d6, trong nghién ciru nay
ching t6i sir dung cot chiét pha ran florisil dé
lam sach va loai bo nhidu nén miu trude khi
phan tich OPFRs trén GC/MS.

2.5. Piéu kién phén tich OPFRs trén thiét bj
GC/MS

Céc hop chit OPFRs duoc phan tich trén thiét
bi sic ky khi khéi phd GC/MS (Agilent 6890
GC két nbi v6i Agilent 5973 MS véi ngudn ion
hoéa EI). Viéc phén tach cac chat phan tich dwoc
thyc hién trén cot sic ky mao quan DB-5 (dai 30
m, dudng kinh trong 0,25 mm, bé day pha tinh
0,25 pum). Mau duoc bom vao cot theo ché do
khong chia dong. Chuong trinh nhiét cdt duoc
thiét 1ap nhu sau: nhiét do6 ban dau 70°C (giir
trong 1 phut), sau d6 tang 1én 210°C véi toe do
10°C/phut, tiép tuc ting 1én 270°C véi tbe do
5°C/phut, cudi cung ting dén 310°C véi toc do
5°C/phat va chay dang nhiét ¢ nhiét d6 310°C
trong 10 phut. Heli tinh khiét dwugc st dung
lam khi mang véi téc d6 dong 1 mL/phit. Phan
tich khdi phd dwoc thuc hién & ché do chon loc
ion (SIM). Nhiét d6 cong bom, ngudn ion va
detecto 1an lugt 12 250 °C; 250 °C va 310 °C.

3. KET QUA VA THAO LUAN

3.1. Két qua khao sat hiéu qua chiét tach
OPFRs bing ciac dung méi khac nhau

Do phan cyuc cia dung méi chiét c6 anh huong
t61 hiéu suét chiét ciia cac OPFRs trong mau
bui. Viéc lya chon dung moéi chiét phai thda
mén diéu kién hoa tan tot chat can phan tich
nhung han ché chiét theo qué nhiéu tap chat dé
qué trinh lam sach sau khi chiét don gian, dé
dang thao tac. Do d6, chung t6i lya chon
nhitng dung mdi, hon hgp dung moi phan cuc
vira hay it phan cyc nhu DCM, hon hop Hex:



DCM (1:1), hén hop Hex: Ace (3:1) va hén
hop Hex: Ace (1:1) dé khao sat.
Hiéu suit thu hdi cua 15 OPFRs khi st dung
dung méi hay hdn hop dung méi chiét khac
nhau duoc thé hién trong hinh 1.
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Hinh 1. D6 thi so sanh hiéu sudt thu héi cia 15
OPFRs khi sit dung dung méi chiét tach khdc
nhau
Két qua khao sat cho thiy, khi sit dung DCM
hay hén hop Hex: Ace (3:1) va hon hop Hex:
Ace (1:1) déu cho hiéu qua chiét tdt voi hiéu
suat thu hoi da s6 cdc OPFRs dat trén 80%.
Tuy nhién, hiéu suét thu hdi caic OPFRs khi sir
dung DCM lam dung moi chiét déu cao hon
chut (dic biét 1a véi cac hop chat OPFRs c¢6
chtra clo), dat tir 88,5% dén 103,1%. Viéc sit
dung m6i DCM lam dung méi chiét cho hiéu
suit thu hoi cao déng thoi han ché dugc anh
huong cta nhiéu chit gay nhidu co trong nén
mau. Do d6, trong nghién ctru nay chiing toi
lga chon DCM lam dung méi chiét tach cac
OPFRs trong miu buyi bang phwong phép chiét

siéu am.

3.2. Lwa chon dung moi rira gidi qua cft
chiét

Sau khi lya chon duogc cot chiét pha ran voi
chét hép phu florisil dé 1am sach, tién hanh
khao sat lya chon dung moéi rira gidi cac
OPFRs ra khai cot voi cac hé dung moi Hex:
DCM (1:1), Hex : Ace (1:1) va EtAc voéi céac
thé tich rira giai lan luot 1a 6, 8, 10, 12 va 14
mL. Két qua khao sat cho thay, khi ding EtAc
thi hiéu suét rira giai thu duoc cao nhét va én
dinh nhat. Thé tich EtAc can dung dé rira giai
hoan toan cac OPFRs ra khoi cot florisil 500
mg 1a 10 mL.

3.3. Panh gia phuwong phap phén tich
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Sau khi khao sat Iya chon dugc dung moi chiét
va cac didu kién chiét thich hop, tién hanh
kiém tra d6 dtng, d6 lap lai ciia phuong phap
chiét siéu am va danh gia phuong phap phan
tich bang cach phan tich lip 5 mau byi thém
chudn & ndng d6 200 ng/g (da chuin bi & muc
2.2). Cac mau duoc chiét 3 lan véi dung moi
DCM (20 ml, 15 ml va 15 ml cho mdi lan
chiét). Hai miu tring duoc 1lam song song véi
5 mAu thém chuin dé loai trr sy nhim ban
trong qua trinh chiét va phan tich.

Gi6i han phat hién (LOD) va giéi han dinh
luong (LOQ) cua cac OPFRs trong mau bui lan
luot dao dong tir 0,48 ng/g dén 5,94 ng/g va tir
1,58 ng/g dén 19,6 ng/g. Hiéu sut thu hdi trung
binh ctia 15 OPFRs nam trong khoang tir 84.4%
dén 104,0% (hinh 1) véi d6 léch chuan twong
d6i (RSD) nim trong khoing tir 1,55% dén
6,87%. Nhu vay, phuong phap phan tich c6 do
dung va d6 1ap lai cao, dam bao do chinh xac,
dap mg nhu cau chiét tach va xac dinh dong
thoi ham lugng cac OPFRs trong mau bui.
Phuong phap siéu am chiét tich cac OPFRs tir
mau bui v6i dung méi DCM la phwong phéap
chiét tach nhanh, gon, cac budc chiét tach duoc
t6i gian do do tranh dugc sy nhidm ban va tiét
ki€m thoi gian, nhan luc, chi phi. Phuong phap
nay cho hiéu suét thu hdi cao va do 1ap lai tot.
3.4. Két qua phéan tich cic OPFRs trong
mau bui trong nha tai Ha Noi

3.4.1. Thu thap mau

Hai mau bui trong nha dugc thu thap vao thang
5 nam 2019 tai mot sb ho gia dinh & khu chung
cu thudc khu vuc quan Thanh Xuan. Cac mau
bui ling trong nha duoc 1y & cac vi tri: canh
quat tran, quat ding, mang chin bui ¢ diéu
hoa, néc ti, bui dudi gdm ban, gdm sofa, gdm
giwdng. Mau bui duoc 1iy bang may hit bui.
Sau khi 14y, cac miu duoc sang qua rdy inox
kich thugc 250pum va dugc boc kin trong gidy
nhom, cho vao tai zip PVC, bdo quan ¢ -20°C
dén khi phan tich.

Viéc phan tich xac dinh ham luwong cac OPFR
trong mau bui dugc thuc hién theo phuong
phap chiét siéu am di duoc t6i wu hoa theo quy
trinh dugc thé hién & hinh 2.

3.4.2. Két qud phan tich mdu bui



Két qua phan tich hai miu bui trong nha &
quan Thanh xuén (Bang 2) cho thdy, cac
OPFRs hiu hét dugc phat hién trong ca hai
méu bui trong nha ngoai trir TPP. Tong ndng
d6 cac OPFRs xac dinh duoc trong hai mau bui
trong nha 1an luot 1a 1442 ng/g va 1868 ng/g.

) Thém 100 uL hén hop
chat chuan dong hanh
l nong do 250 ng/mL

Chiét siéu am 3 lan voi
diclometan (20; 15; 15 mL)

!

Dich chiét thu vao binh
qua lé 50 mL

}

Cat quay chan khong
vé 1mL

)

Lam sach trén cit
Florisil (500 mg/ 3 mL)

|

Rua gidi bing
10 mL etyl axetat

l

Co can boi khi nito, hoa
tan trong 100 pL iso-octan
l Thém 10 pL hon hop
A—— A A 2
chat ngi chuan

Mau buyi (0,1 g)

«——  MOi fin siéu am
20 phat

Phan tich trén
GC/MS

Hinh 2. Quy trinh chiét tach va phan tich 15
OPFRs trong mdau bui bang phiong phdp siéu
am

Trong sb cic OPFRs dugc phat hién, TCPP
dugc phat hién nhidu nhét trong ca 2 miu véi
ndng d6 lan luot 1a 512 ng/g va 768 ng/g, tiép
theo 1a TCEP v&i nong do 1an luot 1a 427 ng/g
va 463 ng/g. TCEP va TCPP du thudc nhom
phdt phat clo hoa, dwoc ghi nhan 1a hop chat co
kha nang géy ung thu [12, 13].

Két qua ciing cho thdy ham lugng cic OPFRs
clo hoa (TCEP, TCPP*, TDCPP) chiém wu thé
trong hai mau bui trong nha véi téng ndng do
lan luot 12 1057 ng/g va 1472 ng/g twong {mg
v6i 73,3% va 78,8% trong tong s6 cac OPFRs
duogc phat hién.

195

BMau1

@AMAu2

==

s

héa
Téng 15 OPFRs 1=

Téng OPFRSs clo hda e

Céc hop chét

Tdng OPFRs khéng clo

Hinh 2. Két qud phan tich céc OPFRs trong
hai mdu bui trong nha (TCPP*: tong 3 dong
phan ciia TCPP; Téng OPFRs clo héa: gom
(TCEP, TCPP* va TDCPP); Téng OPFRs
khong clo hoa: go”‘m (TEP, TBP, DBPP, TPP,
TBEP, EHDP, TEHP, TOCP, TMCP & TOCP)

Ham luong cac OPFRs khong clo héa (gom
ankyl phdt phat va aryl phdt phat nhu TEP,
TBP, DBPP, TPP, TBEP, EHDP, TEHP, TOCP,
TMCP va TOCP) thip hon, chiém 385 ng/g va
396 ng/g tuwong Gng vai 26,7% va 21,2% trong
téng s6 cac OPFRs dugc phat hién.

4. KET LUAN

Nghién ctru da t6i vu duge quy trinh chiét tach
c4c OPFRs trong miu buyi bang phuong phap
chiét siéu 4m st dung dung méi diclometan.
Phuong phép chiét tich nhanh, don gian, hiéu
qua, khong tén dung méi va tiét kiém chi phi.
Céc budce chiét tach va 1am sach da duoc giam
thiéu va don gian hoa do dé tranh dwoc su
nhiém béan. Phuong phép cho hiéu suét thu hdi
cia 15 OPFRs khd cao, dat tir 84,4% dén
104,0% va do lap lai t6t v6i do 1éch chuin ndm
trong khoang tir 1,55% dén 6,87%.

Phuong phap da dugc dugc ap dung thanh cong
dé phan tich cac OPFRs trong hai mau bui duoc
thu thdp tai khu chung cu thugc quén Thanh
Xuan. Két qua phan tich so bo cho thiy hau hét
cac OPFRs déu hién dién trong cic miu bui,
ngoai trir TPP. Tong ndng do cac OPFRs xac
dinh dugc trong hai mau bui trong nha khé cao,
lan luot 1a 1442 ng/g va 1868 ng/g. Trong do,
TCEP va TCPP la cac OPFRs clo hoa véi doc
tinh cao chiém thanh phan chinh trong cic mau
phén tich. Tuy nhién, d& c6 mot buc tranh tong



thé vé sy phan bd clia cac hop chat OPFRs trong
bui khong khi cling nhu cac tac dong cua ching
t6i stre khoe con nguoi, can thyce hién cac nghién
ctru chuyén sau vé OPFRs trong twong lai.
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