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TOM TAT

Quy trinh phan tich hop chat phthalate trong nudc tiéu bang phuong phap sac ky
khi - kh&i phd (GC/MS) da duoc xay dung, gom ca quy trinh xt Iy mau, ghi sac ky
va dinh luong. Cac diéu kién thich hop cho quy trinh phén tich béng phuwong phap
GC/MS da dwoc xac dinh: thuy phan mau trong dung dich HCI, r6i chiét dung mai
bang ethyl acetate; loai dung moi bang khi nito sach; tao dan xuat ctia phthalic acid
la trimethylsilyl phthalic; cot sic ki DB-5MS Ultra Iner (chiéu dai 60 m; dwong kinh
0,25 mm; ¢& hat 0,25 um); tdc d6 dong khi mang He 1,0 mL/phdt; thé tich bom mau
2 uL; stt dung chuong trinh gradien nhiét dg; dinh lwong bang phuong phap duong
chudn. Véi cac diéu kién d6, phuong phap c6 gidi han phat hién thap (0,43 umol/L),
dd lap lai tét (RSD <7,1 %, n="7), va do dung tot véi do thu hoi 83,6%. Gitra dién tich
dinh (peak) va nong do phthalate c6 twong quan tuyén tinh tét trong khoang 0,5
umol/L - 9,5 umol/L. Phuong phdp da dugc dp dung thanh cong dé€ phan tich

phthalate trong 5 mau nuwdc tiéu ciia cdng nhan nha may ché bién cao su.

Tir khéa: Séc ky khi khdi pho, phthalate, nuedc tiéu.

1. MO PAU

Phthalate 1a mot nhom chét duoc st dung rong rai trong cong nghiép: san xuat
héa chét, tdng hop nhua (PVC), keo dinh va mang boc cellulose, san xudt my pham, thudce
diét con trung... [1]. Do duwoc st dung nhiéu trong doi sdéng hang ngay, nén cac phthalate
ton tai khép noi nhu tich lay trong thuc pham, dat, tram tich, bui, khong khi, nuwéc udng.
Céac hop chat phtalate va dan xuat ctia chting 1a cdc hop chat bén trong méi truong, nén cé
kha néng tich lily sinh hoc va theo chudi thiic &n, c6 thé di vao co thé nguoi va gay rii ro
stec khoe [2].
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Nam 1982, Co quan Qudc t€ chuyén nghién cttu vé ung thu (IARC) da céng bo:
phthalate la chat c6 thé gay ung thu cho con nguoi (nhém 2B) [3]. Nhiéu nghién cttu da
cho réng, phthalate cé nguy co anh hudng nghiém trong ddi véi stc khde ngudi; ching
gay ton thuong ADN trong nhéan tinh trung, cac thong sd tinh dich ctia ngudi va hormone
sinh san [4]; Khi di vao co thé nguoi, phthalate dugc chuyén héa nhanh chéng va bai tiét
qua nudc tiéu [5].

Albro va cong su ndm 1984 da cho réng, phthalate nhanh chéng chuyén héa trong
co thé, hinh thanh nén phthalic acid (PA) va mot sd chat khéc; ¢d twong quan chat ché (r
=0,85) gitta nong do tong PA va tong néng do cua 13 chat chuyén hoa phthalate [6]. Tong
PA duoc tao ra bang cach thity phan cac chat chuyén héa phthalate trong nuedc tiéu duoc
stt dung nhu mét chi thi vé chuyén hoa sinh hoc phthalate trong co thé nguoi [7].

O Viét Nam, nhitng nghién ctru phén tich cic hop chét phthalate va danh gia doc
tinh ctia chung d6i vdi co thé nguoi con rat han ché. D€ phan tich ham lwgng phthalate
trong nurdc tiéu, trén thé gidi nguoi ta thuong dung phuong phap sac ky khi ghép ndi khai
phS (GC/MS) [8]. O nudc ta, Bo Y t& chua ban hanh phwong phép chuén xac dinh
phathalate trong nudc tiéu va do vay, thiéu thong tin d€ giam sat rui ro stec khoe nguoi
lao dong phoi nhiém véi cac hop chat phthalate.

Xuat phat tir nhitng van dé trén, nghién ctu nay tap trung xay dung phuwong phap
phan tich phthalate trong nwdc tiéu bang phuwong phap GC/MS nham déng gép tich cuc
vao linh viee phan tich va danh gia anh hudong ctia phthalate dén sttc khde nguoi.

2. PHUONG PHAP NGHIEN CUU
2.1. Thiét bi, dung cu va hda chat

Hé thong thiét bi GC/MS-QP2020 ctia hang Shimadzu - Nhat Ban, kem theo cot
séc ki DB-5MS Ultra Iner (chiéu dai 60 m; dwong kinh 0,25 mm; ¢& hat 0,25 um) cua hang
Shimadzu. Hé théng nay sit dung phan mém xt ly phd GCMS Postrun dé xtt ly va xac
dinh céc diéu kién thich hop cho qua trinh sac ky. Mdy lac vortex MS - 3 Bassic ctia hang
IKA - Btc; may ly tam EBA21-Hettich — Ptec; bép cach thuy Memmert WNB 10 — Duic;
méay lam kho mau bang khi Nito MG-3100 ctia hang Eyela - Nhat Ban dwoc dung d€ loai
dung méi hitu co trong giai doan xt ly mau.

Céac hda chat dugc st dung 1a cac hoa chat tinh khiét phan tich va tinh khiét sic
ky ctia hang Merck, bao gom: phthalic acid; ethyl acetate; dimethylformamide; N, O-bis
(trimethylsilyl) trifluoro acetamit (BSTFA); chlohydric acid. Nudc nuwde cat 2 lan (duoc
cdt bang may ct nuwéc Hamilton WSC ctia hang Hamilton — Anh) d€ pha ché héa chat,
trang, rita dung cu...
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2.2. Chuan bi mau cho phan tich

L&y mdu va bdo qudn mau: Ly mau nuwdc tiéu ctia 05 cong nhan (cd stic khde binh
thuong) 1am viéc & cong ty cao su (Cong ty C5 phan Cong Nghiép ho tro Mién Trung,
Quang Nam). Déi véi mdi cong nhan, 14y toan bo nudc tidu trong vong 24 gid (tir ca lam
viéc hom triede dén ca lam viéc hom sau). Mau duwoc dong nhat va dung trong chai
polyetylen 100 mL, bao quan trong tu am sau - 20°C cho dén khi phan tich.

Xie Iyj mau cho phén tich [8]: LAy mau ra khoi ti am sau va dé on dinh dén nhiét
dd phong; Thuy phan 2 mL mau bang 300 uL dung dich HCL 12 M & 100°C trong vong
12 gio (trén bép cach thuy) dé€ chuyén cac hop chat phthalate vé dang phthalic acid. Lam
ngudi dén nhiét d6 phong; Chiét mau 2 Tan bang ethyl acetate (mdi lan 1 mL) bang cach
lac 15 phat va ly tam 10 phtt véi toc dd 2.500 vong/phut va gop toan b dich chiét; Loai
dung mo6i hitu co khoi mau bang cach thdi dong khi nito 40°C trén bé mit mau; Phan
cdn mau duoc hoa tan trong 300 uL ethyl acetate, thém vao 30 uL. BSTFA dé tao dan xuat
trimethylsilyl phthalic acid (TMS-PA) ¢ 60°C trong 60 phut (trén bép cach thuay); Loc
mau qua mang loc soi thiy tinh 0,45 um va lam lanh trong khoang 2 gio (trong tt lanh
thuong). Pinh mttc bang dung moi ethyl acetate d&n 2 mL va day la mau d4u cho phan
tich. Thé tich tiém mau vao hé thong thiét bi GC-MS1a 2 pL.

2.3. Quy trinh phan tich

Xéc dinh nong d6 TMS-PA trong mau trén thiét bi GC/MS vdi cot sic ki DB-5MS
Ultra Iner (60 mx0,25 mmx0,25 um) ¢ cac diéu kién thich hop: thé tich tiém mau 2 uL,
ch& d6 tiém mau khong chia dong (splitless), nhiét dd budng tiém mau 260°C, dung
chuong trinh nhiét do cdt (gitr & 200°C trong 3 phut, taing nhiét d6 30°C/phuat dén 260°C
va gitt trong 11 phat), dung khi mang He voéi t6c d¢ dong 1,0 mL/phut; Cac diéu kién
lam viéc cua thiét bi khdi phd: ngudn ion hoda EI (ion hda bin pha dién tk); nhiét d¢
ngudn ion hoéa 230°C; nhiét dd hé ghép ndi (interface) 120°C; thoi gian cat dung mai 0,1
phut; dién thé detector 0,1 kV; ch€ d6 phan tich lwa chon manh (SIM): d6i véi TMS-PA,
chon cdc manh ion c6 ti 1¢ khoi luong trén dién tich (m/z) 295, 221 va 147.

Dinh leong TMS-PA béng phuong phap duong chuadn. Mau tring duoc chuan
bi tir mau nudc tiéu khong cé phthalate theo cach tirong tw nhw ddi véi mau phan tich
va duoc phan tich dong thoi khi phan tich mau thue t&. Nong d6 TMS-PA trong mau (X)
duwgc tinh tir phwong trinh duwong chuan (1):

X (Hmol/L) = (Y - b)/a )

Trong d6, X 1a nong dd6 TMS-PA trong dung dich phan tich, Y: tin hiéu do (dién
tich dinh/peak séc ky) ctia TMS-PA; a: hé s6 goc (dd dbc) va b: doan cét trén truc tung
cua duong hoi quy tuyén tinh.

Trong qua trinh thiy phan, toan by phthalate chuyén hoa vé dang PA. Véi hé s6
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pha loang mau k = 1, nong d6 phthalate (umol/L) trong mau nuwdc tiéu bang nong do
TMS-PA (umol/L) trong mau duoc tinh theo cong thirc (1).

C4c s6 liéu thi nghiém dwoc xt ly bang phuong phap thdng ké, stt dung phan
meém Excel 2010: X4c dinh gia tri trung binh, d¢ 1éch chuén, hoi quy tuyén tinh...

3. KET QUA VA THAO LUAN
3.1. Xéc dinh cac diéu kién thuy phan dé tao PA

Thuy phan mau dé chuyén cac phtalate thanh PA 1a mot trong nhimg giai doan
quan trong quyét dinh sy thanh cong ctia phép phan tich theo phuong phap GC/MS.
Mau trang nuéc tiéu (khong chira phtalate) da thém chudn dimethyl phthalate dwoc
dung lam mau dai dién trong thi nghiém nay. O thoi gian 7 gio trong HCL 12 M, hiéu
suat tao PA hiéu suat thu hoi dat duoc 86,2% va hau nhu khong thay doi khi tang thoi
gian thuy phan, ttc 1a sy thiy phan mau dat dwoc bao hoa (Hinh 1). Do vay, chon thoi
gian thtiy phan mau nudc tiéu 1a 7 gio.
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Hinh 1. M&i quan hé gitra thoi gian thuy
phan mau trong HCL 12 M va hiéu suat
thu hoi. ® DKTN: Cac DKIN nhu &

muc 2.3

Hiéu suat tao PA %

3.2. Ki€m soat chit lugng phuong phéap phan tich
3.2.1. Buong chuan xac dinh TMS-PA

Tién hanh ghi sic d6 trong Z 700000 = (63135 771)X - (7672-+ 3883)
khoang néng do TMS-PA (X) ttr0,5 & 600000 R = 0,9996; p < 0,001
pumol/L dén 9,5 umol/L, xac dinh E:) 500000
dién tich peak (y). Két qua cho i’- 400000
thay, trong khoang nong d¢ khao g 300000
sat c6 tuong tuyén tinh tot gitta X 1§ 200000
vay theo phuong trinh y = (63135 + :é 100000

A 0

771)xX + (7672 + 3883) vdi R? =

0,9996, mttc ¥ nghia thong ké (p < 0 2 4 6 8 10

0,001). Duong chuan dé dinh Iuong Nong do TMS-PA (pmol/L)

nong do TMS-PA (X) trong mau Hinh 2. BDuong chuan dé dinh luong TMS-PA.
duoc néu ¢ Hinh 2. Sac d6 GC/MS
ddi v6i dung dich chuan TMS-PA
dwoc néu ¢ Hinh 3.

¢ DKTN: Thoi gian thty phan mau 1a 7 gio. Céc
DPKTN khac nhu & muc 2.3
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Hinh 3. Sic d6 GC/MS d8i véi dung dich chuan TMS-PA (6 pumol/L); Pho khoi SIM d6i véi 3
manh (295, 221, 147) caa TMS-PA néu 6 hinh nho phia trén bén phai, kem theo cong thitc cdu
tao cia TMS-PA; Thoi gian lvu caia TMS-PA 1a 7,1 phut; Thoi gian luu cia TMS-acetamide
(trimethylsilyl acetamide) la 4,5 phut. TMS — acetaminde dwoc hinh thanh trong qua trinh xtx ly
mau, khong tham gia vao qua trinh dinh luong PA.

3.2.2. Gidi han phat hién (LOD) va gidi han dinh lwong (LOQ)

Xac dinh LOD (limit of detection) ctia phwong phap GC/MS phan tich TMS-PA
dwa vao quy tac 3c va theo phuwong phap do Co quan Bao vé Moi truong Hoa Ky (EPA
— Environment Protection Agency) dé xuat [9]: Tién hanh thém chuan TSM-PA vao nén
mau nudc tiéu (khong chiza TSM-PA) dé duoc dung dich chita 2 pmol/L TSM-PA; Tién
hanh xac dinh nong d¢ do lap lai 7 Ian (n = 7); Tt d6 tinh do 1éch chuén (SD), r6i tinh
LOD theo cong thttc (2):

LOD (pmol/L) = 3,14 x SD @)

Trong d¢6, 3,14 la gia tri ctia dai luong thong ké t (thudc phan bd student hay phan
bd t) 0 bactwdo f=n—1=6vadj tin cay 99%.

Theo cong thixc (3), voi SD = 0,136 pmol/L, tinh duwgc LOD = 0,43 pmol/L. Tt d6
tinh deoc LOQ =10 x SD = 1,36 pmol/L. Vi gidi han phat hién d6, phwong phap GC/MS
dt nhay dé€ phan tich lugng vét phthalate trong nuwdc tiéu nguoi.

3.2.3. D% lap lai

Do 1ap lai hay d6 chum (repeatability) cia phwong phap GC-MS duoc danh gia
qua d6 léch chuan tuwong doi (RSD) khi phan tich mau thuc t& (mau nudc tiéu ¢ chira
phtalate) 1ap lai 7 Ian (n = 7). Phwong phap dat dwgc d06 ldp lai tot khi RSD nho hon mot
ntta RSDu (hay RSD < %2 RSDu); RSDula d6 1éch chuan tuwong d6i tinh theo phuong trinh
Horwitz: RSDu (%) = 2(-050) v6i C 1a nong dd chat phan tich dwoc biéu dién bang phan
s8) [10].

Két qua phan tich mot mau nuée tiéu — mau NT 1 (dwoc chon ngau nhién tir 05
mau nudc tiéu da 18y) néu o bang 1 cho thay, phwong phép phan tich phthalate theo GC-
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MS dat dwoc d6 lap lai t6t voi RSD =7,1 % (n=7), vi gia tri 6 nho hon RSDu=19 % khi
phan tich nhitng nong d6 phthalate ¢ 1, 9 umol/L.

Bang 1. Két qua xac dinh d6 lap lai ctia phwong phap GC/MS phan tich phthalate

STT 1 2 3 4 5 6 7

Nong d6 phthalate xac dinh
1,7 1,8 2,0 1,9 1,9 1,9 2,1

duoc (Hmol/L)

Nong do6 phthalate trung binh

1,90+£0,13
(pmol/L); n=7

3.2.4. Do dung

D€ danh gia do dang (trueness) ctia phwong phap GC/MS phan tich phthalate,
tién hanh kiém tra d thu hdi (Recovery, viét tat 1a Rev) khi phan tich mot mau thuec té -
mau NT 1 (mau nwdce tiéu duoc chon ngﬁu nhién) dugc thém chudn va thuc hién 1ap lai
4 lan (n = 4). Theo Hiép hoi cac nha Hoéa hoc Phan tich — Asociation of Official Analytical
Chemists (AOAC), khi phéan tich nhiing néng d6 ¢d 100 ppb — 1 ppm (twong duwong nong
dd TMS-PA la 4 umol/L), néu dat dwgc d¢ thu hoi khoang 80 — 110% la dat yéu cau [11].

Két qua ¢ bang 2 cho thay, phuong phap GC/MS dat dugc d6 diang tot khi phan
tich phthalate trong nudc tiéu.

Bang 2. Két qua xac dinh d9 dung ctia phuong phap GC/MS phan tich phthalate )

STT Co (umol/L) C1 (umol/L) Cz (umol/L) Rev (%)
1 2,0 4,0 54 84,2

2 1,9 4,0 52 82,2

3 1,9 4,0 54 86,8

4 1,9 4,0 51 81,4
Trung binh (n = 4) 83,6

) DKTN: Thoi gian thty phan mau 1a 7 gio. Cac DPKTN khac nhw & muc 2.3;

Co 1a ndng dd phthalate trong mau nudc tidu; Ci 1a ndong d6 phthalate chudn thém vao

mau; C2 12 nong d6 phthalate x4c dinh dugc trong mau da thém chuan.
3.3. Ap dung thuc t&

D¢ khang dinh kha ning 4p dung quy trinh phan tich vao thuc t€, tién hanh 4p
dung phuong phap GC/MS da xay dung dé phan tich 05 mau nudc tiéu ctia cong nhan
lam viéc & Cong ty C& phan Cong Nghiép hd trg Mién Trung, Quang Nam.
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Két qua o bang 3 cho thay, nong d6 phthalate trong nudc tiéu dao dong trong

khoang 1,3 pmol/L dén 2,6 pmol/L.

Bdng 3. Két qua phan tich mau nudc tiéu

STT Ky hiéu mau Nong d6 phthalate (umol/L)
1 NT1 1,9
2 NT2 2,4
3 NT3 2,6
4 NT4 0,8
5 NT5 1,2

4. KET LUAN

Phuong phap GC/MS vdi cac diéu kién thi nghiém thich hop 1la mét phwong phap

cho phép phan tich thudn loi va nhay nhitng nong d6 vét phthalate (c& > 1,36 pmol/L)

trong nudc tiéu nguoi. Tuy vay, dé kh:fmg dinh chic chin vé kha nang ap dung phuong

phép vao thuyec té can tién hanh phéan tich nhiéu mau hon nira. Mt khac, can kiém tra

do tai lap (reproducibility) cling nhu do khong dam bao do (uncertainty) ctia phwong

phap phan tich.
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STUDY ON DETERMINATION OF PHTHALATE
IN URINE BY GAS CHROMATOGRAGHY MASS SPECTROMETRY

Tran Le Van Thanh !, Truong Thi Thuy Quynh !, Nguyen Van Hop >
1Branch of National Institute of Occupational Safety and Health in the Central Viet Nam
2 University of Sciences, Hue University
*Email: ngvanhopkh@gmail.com
ABSTRACT

A procedure for analysis of phthalate compounds in urine by using gas
chromatograghy mass spectrometry (GC/MS) was developed, including sample
treatment, chromatogram recording and quantitation. Optimal conditions for the
GC-MS method were determined: sample hydolysis in HCI, then solvent extraction
with ethyl acetate; removal of the solvent by clean nitrogen gas; trimethylsilyl
phthalic derivative derived from phthalic acid (TMS-PA); chromatographic column
DB-5MS Ultra Iner (60 m length; 0.25 mm ID; particle size 0.25 um); flow rate of He
mobile phase held at 1,0 mL/min; sample injection volume of 2 uL; column
temperature gradient program used; calibration curve method used for quantitation.
Under these conditions, the GC-MS method gained low limit of detection (0.43
pumol/L), good repeatability (RSD < 7.1%, n = 7) and satisfactory trueness with the
recovery of 83.6%. There was good linear correlation between peak area and
phthalate concentration in the range of 0.5 pmol/L - 9.5 pmol/L. The method was
successfully applied to analysis of phthalate in five urine samples collected from

workers of a rubber factory.

Keywords: gas chromatograghy mass spectrometry, phthalate, urine.
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va bao vé méi truong Mién Trung

Linh viec nghién cieu: Phat trién phuong phép sic ki khi khéi khé phan

tich lwong vét cac doc chat trong moi truong va nudce tiéu.

Trwong Thi Thuy Quynh sinh ngay 30/12/1989 tai Quang Binh. Ba tot
nghiép Ky st chuyén nganh Céng nghé moi Truong tai Pai hoc Bach
Khoa — Dai hoc Da Nang vao nam 2012 va tdt nghiép thac si chuyén
nganh Ky thudt moéi treong nam 2022 tai treong Pai hoc Bach Khoa -
Dai hoc ba Ngmg. Hién dang cong tac tai Phan vién Khoa hoc An toan

Vé sinh Lao déng va bao vé moéi truong Mién Trung

Linh vwc nghién ciru: An toan vé sinh lao dong trong moéi treong lam viéc

ctia ngwoi lao dong.

Nguyén Van Hop sinh ngay 02/02/1956 tai Nghé An. Ong tSt nghiép ctt
nhan chuyén nganh Héa V6 co tai Dai hoc Tong hop Ha Noi vao nam
1977. Nam 2001, 6ng nhan hoc vi tién si chuyén nganh Hoéa Phan tich tai
Truong Dai hoc Khoa hoc Ty nhién — Pai hoc Qudc gia Ha N6i. Nam 2005,
6ng nhan hoc ham phé gido su tai Viét Nam. Ong hién dang la giang vién

cao cdp, Khoa Hoa — Truong Dai hoc Khoa hoc, Dai hoc Hué.

Linh vyec nghién ciru: Phat trién phuwong phap dién hoéa phan tich luong
vét cac kim loai d§c trong moi truong; Phan tich va danh gia cac kim loai
ddc va du luong hoa chat bao vé thuc vat trong moi treong; Phan tich va

danh gia chat lugng nude, cdc ngudn 6 nhiém nudc.
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