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SUMMARY

DETERMINATION OF TOLUENE IN URINE USING HEADSPACE/ GAS-
CHROMATOGRAPHY-MASS SPECTROMETRY

Urinalysis of toluene is important to monitor workers occupationally exposed to toluene as well as in the
diagnosis of some diseases related to chronic human exposure. Studies were carried out to establish the best
extraction conditions for the method, taking into account the various factors that affect the technique, such
as heating time, heating temperature, and the effect of salt addition. This work shows a sensitive, simple,
and rapid static headspace-gas chromatographic procedure for the quantitative determination of toluene in
urine. The limit of detection for toluene is 0.029 pg/L, with a standard deviation of less than 6%. Precisions
(%RSD) for toluene at different levels were less than 21%. Recoveries for toluene ranged from 80 to 110%.
Determination of Toluene in Urine using Headspace/Gas-Chromatography- Mass Spectrometry has the
sensitivity, repeatability, and recovery requirements of AOAC.
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1. MO PAU

Trong cbéng nghiép, toluen la mot trong
nhitng hidrocacbon thom don vong dugc
st dung phd bién nhat. Toluen dugc ding
nhiéu trong san xuat cdng nghiép nhu: san
Xuit cac san pham hoic d6 noi that bang
nhua, vat liéu cach nhiét, sgi thay tinh,
phu ting 6 to, gidy dép, son, cdc udng
nuéc va cac hop dung thuc pham
khéc...[1]. Su phoi nhiém cta con ngudi
v6i toluen xay ra cha yéu do hit phai
toluen trong cac nganh sir dung nhya, son.
Con ngudi ciing c6 thé bi phoi nhiém khi
hit tho khi thai 6 to, khi lam viéc véi xang

hoic dau, son dé chay va ngay ca khi hit
phai tryc tiép [2,3]. Phoi nhiém véi toluen
c6 thé gay kich ttng mat, miii va cb hong;
da khd hodc nut né; nhirc dau, chong mat,
cam giac say, 10 1an va lo lang [4]. Nguoi
lao dong c6 thé tiép xdc véi toluen bing
cach hit vao, tiép xuc véi da, ban vao mit
hoac nuét phai. Sy hap thu qua da cua
toluen tryc tiép tir khong khi duoc ciing
dugc cho la thap, chiém 1-2% tong trong
luong co thé nhan duoc sau khi tiép xdc
véi hoi toluen [5].

Hiép hoi vé sinh cbng nghiép My
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chi diém sinh hoc dé danh gia muc do
phoi nhiém cua nguodi lao dong véi
toluen: ham Ilwong ortho-cresol trong
nuéc tiéu, ham lugng toluen trong nudc
tiéu khi két thac ca lam viéc va ham
luong toluen trong mau ngay trudc ca
cudi cling ciia mot tuan lam viéc [6].

Nhiéu phuong phap xac dinh ham luong
toluen trong mau sinh hoc hiéu qua da
dugc cong bd dua vao cac ki thuat khac
nhau nhu st dung sac ky long cao ap két
hop véi dau do UV-VIS, sic ky khi két
hop véi dau do ion héa ngon lhra (GC-
FID) [7]. Pic biét miy nam gan day ky
thuat duoc chi y nhiéu nhat 1a phuong
phép sic ky khi két hop khdi pho véi do
nhay va d6 chinh xac cao. Khi sir dung
cac phuong phap phan tich trén cac hé sic
ky két hop khdi phd do nhay cao dap ung
t6t cho viéc xac dinh ham luong toluen &
ham luong thap [8]. Phuong phap xéc
dinh ham lugng toluen trong mau vaéi cac
budc xir Iy mau don gian va phan tich trén
hé thong may sic ky khi dau do ion hoa
ngon lia két hop khong gian hoi (HS-
GC/FID) di duoc Vién Québc gia vé An
toan Suc khoe nghé nghiép cua My ban
hanh tir nam 2013 vai gidi han phét hién
la 0,006 pg/mL [9]. Liangyuan Zhao va
cong su da st dung phuong phap nay
cuing véi sac ky khi khdi phd (GC/MS) dé
phat hién BTEX trong mau giup giam
thiéu 6 nhiém tir cac chét khi, ong tiém
ding mot lan va vial véi giéi han phét
hién déi véi toluen 1a 25 pg/mL [10,11].

Hién nay, tai Viét Nam viéc nghién ctru
va phan tich toluen trong mau nudc tiéu
con chua pho bién nhat Ia viéc &p dung
phéan tich toluen vé&i phuong phap than
thién voi moi treong. Vi vay chidng toi

tién hanh “Nghién ctru phuong phap phan
tich toluen trong nudc tiéu bang phuong
phap sic ky khi khdi phd két hop véi k§
thuat khoéng gian hoi (HS-GC-MS/MS)”
lam tién dé cho c4c nghién ctu quy mo
I6n hon trong danh gia anh huong cua
toluen dén sic khoe nguoi lao dong noi
riéng va cong dong noi chung.

2. THUC NGHIEM
2.1 Thiét bi, dung cu va hoa chat

- May sic ky khi khéi phé 3 ti cuc (GC-
MS/MS) TQ 9000- Thermo cé két ndi bo
khong gian hoi headspace Triplus 300, cot
DB5 (30 m x 0,25 mm x 0,25 pm)

- Lo vial headspace 20 mL

- Dung dich chat chuan géc toluen
(>99%)

- Mudi sodium sulfate (Na,SOs) (>99%)
(Merck)

- Mubi sodium chloride (NaCl) (>98%)
(Merck)

- Nuéc siéu tinh khiét loai | d3 loai bo
chat hitu co bang may Millipore MiliQ.
2.2 Quy trinh thuc hién

2.2.1 Quy trinh ldy va bdo qudn mau

- MAu nuéc tiéu bai: thu nudc tiéu giira
bai khoang 10-20 mL vao lo luu mau.

- MAu dugc van chuyén lanh va dugc bao
quan trong diéu kién mat trong sudt qua
trinh van chuyén. Mau giit 6n dinh trong
vong 30 ngay ¢ diéu kién 4 °C [12]

2.2.2. Chudn bj mau

L4y chinh x4c 5 mL dung dich chuan
hozc mau cho vao lo 20 mL dung cho bd



khong gian hoi Thermo thém 0,2 ¢
Na,SO4 va dong nép lai.

2.2.3. Chuong trinh phan tich trén thiét bj
GC-MS/MS

- Nhiét @6 ngudn ion héa: 250 °C
- Nhiét do t&r cuc : 200 °C

- Chuong trinh nhiét do : Nhiét do 50 °C
giir trong 3 phit, ting 5 °C/phit dén nhiét
d6 120 °C, tang 30 °C/phat dén nhiét do
250 °C duoc giir trong 1 phat [9]

- Nhiét do budng bom mau khéng gian
hoi: 80 °C
- Ché do do: SIM

- Toluen trong mau duoc lam néng trong
bo bom mau khong gian hoi va duoc hoa
hoi ¢ nhiét do thich hop, sau d6 dugc dua
vao cot tach sic ky khi bang dong khi
mang heli va di chuyén vao nguén MS.
Dudi tac dung ciia ngudn ion hoa dién tir
(El) & ning luong tiéu chuan 70eV, mot
chum electron Iam ion hoa phén tu toluen
tao ra cc ion c6 m/z: 65, 91, 92 [13].

2.2.4 T6i uu héa diéu kién khéng gian hoi
(headspace)

Tién hanh khao sat thoi gian gia nhiét,
nhiét d6 budng hoa hoi va anh hudng cua
cac mudi trong qué trinh phan tich. Cac
nghién ciru da duoc thuc hién dé thiét lap
cac diéu kién chiét xuat tét nhat cho
phuong phap c6 tinh dén cac yéu to khac
nhau c6 thé anh huong dén ki thuat nay.
Pbi voi budc ndy, cac mau nudc tiéu
duoc chuan bj tir nuée tiéu gop cua nhiing
ngudi khoe manh trong nudc tiéu khong
chua toluen. Mau nuéc tiéu thu thap dugc
thém ham luong toluen 10 pg/L va dugc
chuyén vao cac binh kin thich hop:

+Thaoi gian gia nhiét: 5, 10, 15 va 20 phat
dugc danh gia;

+Nhiét d6 budng gia nhiét: 70, 80, 90 va
95 °C duoc thir ddi voi cac mau duoc gitr
trong 10 trong 20 phat;

+Anh huéng cua viéc thém mudi: cac
mau tir nuéc tiéu gop dugc giir & 80 °C
trong 20 phut va khdng thém mudi, thém
0,2 g sodium sulfate khan, thém 0,2 g
sodium chloride;

3. KET QUA VA THAO LUAN

3.1 Két qua t6i wu héa diéu kién khong
gian hoi (headspace)

Véi muc tidu tim diéu kién hoa hoi chat
phan tich tt dé tim dugc do thu hdi va do
nhay cao. Ching t6i tién hanh khao sat
thoi gian gia nhiét, nhiét d6 budng hoa
hoi va anh huéng cua cac mudi trong qué
trinh phan tich.

Céc két qua thu duogc cho thay thoi gian u
trong hé thong headspace di lam hiéu suat
thu hdi toluen ting 1én khi thoi gian
tang va hiéu suat thu hoi dat 94% o thoi
gian 0 1a 20 phat, nhu vy c6 thé thay thoi
gian 20 phut dugc chon dé phan tich vi
hiéu suét thu hoi chat phan tich cao.
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Nhiét do gia nhiét duoc danh gia dé xéc
dinh nhiét d6 1y twéng cho qua trinh bay
hoi toluen. Nhiét do ban dau la 70 °C, va
nhiét 6 cao nhit duoc sir dung 1a 95 °C.
Céc két qua & hinh 2 cho thay hiéu suat
thu toluen & nhiét d6 80 °C cao nhat 98%.
Tuy nhién, khi ting nhiét do 1én 90 °C xay
ra hién tugng bay hoi nudc dang ké, lam
suy giam kha nang phan tich va lam giam
hiéu suat caa cot sac ky.
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Hinh 2: Anh hwong cia nhiét dé téi dién tich pic
toluen

Viéc bd sung mudi da dugc nghién ciru dé
xac dinh tac dung cua mudi trong qué
trinh chiét chat phan tich. Theo cac
nghién ciru trude do, do hoa tan cua nhiéu
hop chat khong dién phan bi giam khi
thém mudi do hé sb hoat do tang. O day
Na,SO, gay ra hiéu ttng nay vai do nhay
cao hon, véi hiéu suat thu hoi dat 81%.
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Hinh 3: Anh hwong cia mudi téi dién tich pic
toluen

3.2 Xay dwng dwong chuin

Tir cac diéu kién da khao st tién hanh
xay dung duong chuan toluen c6 ndng do
1 /L, 2 pug/L, 5 pg/L, 10 pg/L, 20 pg/L,
25 pg/L, 50 pg/L. Ly chinh x4c 5 mL
mau chuan vao lo 20 mL dung cho bo
phan khong gian hoi va dugc thém 0,2 g
Na,SO4 sau d6 lo dugc bit kin va lam
néng. Tién hanh phan tich theo ché d6 do
cua sic ky khi khéi phd véi diéu kién
khong gian hoi & nhiét do u la 80 °C va
thoi gian u 1a 20 phat. Chang tdi tién hanh
xay dung duong chuan va thu dugc két
qua nhu sau:
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Hinh 4: Puong chudn toluen

Khoang tuyén tinh cua phép do c6
phuong trinh hdi quy y = 47052 x +
9533,5 voi hé s6 twong quan R = 0,9987
dat yéu cau 0,995 < R < 1, hé¢ s xéac
dinh R*=0,9975 dat yéu cdu 0,99 < R?
<1[14]

3.3 Gig¢i han phat hién va dinh lwgng

Gigi han phat hién (LOD) cua phuong
phap phan tich 1a ham luong chit phan
tich trong mau c6 thé phat hién duoc. Dé
xac dinh LOD - toluen cua phuong phap,
tién hanh phan tich 7 1an mau nuéc tiéu
c6 ndng do toluen thap da duoc khao sat
trudc.

LOD =3 x SD;



LOQLt =3*LOD
LOD: gidgi han phat hién.
LOQ.t: gidi han dinh lugng ly thuyét.
SD: Do léch chuan.

Gidi han dinh lugng (LOQ) cta phuong
phép 12 ndng do t6i thiéu cua mot chat co
trong mau tha ma ta c6 thé dinh luong
dugc véi két qua co do chinh xac mong
muén biang phuong phap d6. Ching t6i str
dung tha nghiém LOQ bang cé4ch dya trén
d6 dung va d6 chum cua phuong phap, do
d6 LOQ c6 thé dugc tinh 1a ham luong
thip nhét c6 thé dat duoc yéu cau do dang
va do chum. Qua cac két qua khao séat
ching t6i thu dugc LOD & 0,03 pg/L va
LOQ thyc té thu duoc 12 1 pug/L véi hé sé
bién thién RSD 1a 6%.

3.4 Xac dinh d¢ chinh x&c cia phwong
phap
Viéc xac dinh do chinh x&c cé thé thuc
hién thong qua xac dinh d6 thu hoi cua
phuong phap déi vai toluen, ching toi
tién hanh phan tich trén mau thyc va thém
chuan toluen vao mau thuc ¢ nong d6 5
ng/L dé khao sat do thu hdi tai diém gan
véi dau duong chuan, thém chuan 25
ng/L dé khao sat nong do toluen trong
nuéc tiéu ¢ khoang cudi duong chuan.
Mdi muac thuc hién 7 lan, két qua thu
duogc nhu sau:

Bang 1: Két qua khdo sdt dé lap lai va hiéu suat

thu héi cua toluen

Tenmiu 33:; 1&2‘;3 R% RSD%
M+5 pg/L 100,6 100,6
M+5 pg/L 96,0 96,0
M+5 pg/L 89,0 89,0
M+5 pg/L 96,7 96,7
M+5 pg/L 99,0 99,0
M+25 pg/L 86,18 86,18
M+25 pg/L 85,54 85,54
M+25 pg/L 86,71 86,71
M+25 pg/L 84,90 8490 0,75
M+25 pg/L 86,14 86,14
M+25 pg/L 85,20 85,20
M+25 pg/L 84,92 84,92

o x Ham luong 0 0
Tén mau toluen (ug/L) R% RSD%
M 1,95
M+5 ug/L 100,7 100,7

M+5 pg/L 103,2 103,2

Két qua thir nghiém d6 thu hdi toluen caa
phuong phéap & nong do thém chuan 5
ng/L cho d6 thu hdi tir 89-103,2%, trung
binh 97,9%, nong d6 thém chuan 25 pg/L
cho d6 thu hoi tir 84,9-86,71%, trung binh
85,65%. Khao sat do thu hdi cua phuong
phap & khoang néng do cia LOQ cho do
thu hoi R% tir 80,75-95,58% trung binh
87,6%. Theo Hiép hoi cac nha hod phan
tich chinh thdng (AOAC) cho phép d6 thu
hoi ¢ khoang nong do 100 pg/L-1000
ng/L @6 thu hoi cho phép la 80-110%, &
khoang nong do 10 pg/L d6 thu hdi cho
phép 1a 60-115%. Theo két qua dat duoc,
d6 léch chuan tuong d6i RSD cua cac
phép phan tich cao nhit la 3,39%, thap
hon khoang RSD chip nhan dwgc theo
yéu cau cia AOAC Vvé danh gia tiéu chi
do lap (<21%). Nhu vay, quy trinh phén
tich toluen trong miu nudc tiéu bang
phuong phap sac ky khi khdi pho két hop
khong gian hoi dat tiéu chuan theo AOAC
[14].



3.5 Khao sat do lap lai cia phwong
phap

Tién hanh khao sat @6 1ap lai cia phuong
phap khi ap dung trén 2 mau thyc, mdi
mau duoc phan tich 7 lan thu dugc két
qua nhu sau:

Bang 2: D¢ lap lai cia phirong phap

Ham lugng Ham lugng

Te;-n toluen trung binh ~ SD ROSD
mau )
(Hg/L) (Hg/L)
H1 15,28
H2 14,68
H3 15,12
H4 14,97 15,04 0,2 1,33
H5 15,17
H6 14,94
H7 15,13
T1 4,52
T2 4,58
T3 4,48
T4 4,62 451 0,06 1,34
T5 4,46
T6 4,47
T7 4,48

Két qua thir nghiém d6 1ap lai duoc tién
hanh trén 2 mau thyc cho thay ham luong
toluen trung binh trong nuéc tiéu twong
ung la 4,5+ 0,2 pg/L; 15,04 £ 0,06 pg/L,
d6 léch chuan tuong dbi tuong Gng la
1,34%, 1,33%. Theo Hiép hoi cac nha hoa
phan tich chinh théng (AOAC) cho phép
d6 13p lai tai khoang nong do 100 pg/L la
< 15%; khoang ndéng d6 10 pg/L la <
21%. Két qua do lap lai ctia phuong phap
xac dinh toluen bang sic ky khi khoi pho
két ndi khong gian hoi dat yéu cau theo
tiéu chuan caa AOAC [14].

4. KET LUAN

Tir quy trinh phan tich trén cho thiy phan
tich toluen bang phuong phap HS —GC-
MS/MS véi cac budc xtr Iy mau don gian,

khong tén kém, khong sir dung cac dung
mai 1am 6 nhiém mai truong. Nghién cau
tim ra cac diéu kién téi vu trong viéc phan
tich toluen trong nudc tiéu bang phuong
phap sic ky khi khdi phd két hop véi ky
thuat khong gian hoi (HS-GC-MS/MS)
nhu nhiét d6 u, thoi gian u.... Phuong
phap phan tich c6 do thu hdi dao dong 80-
110%, véi do léch chuan RSD < 21% dat
yéu cau cua AOAC dé xac dinh toluen
trong nudc tiéu.

Cam két: Toi cam doan déy 1a cong trinh
cia nhém tac gia va chua gui dang noi
dung nay & bat ky tap chi nao.
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