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XAC PINH NICOTINE NIEU CUA CONG NHAN LAM VIEC
TRONG CONG TY SAN XUAT THUOC LA BANG
PHUONG PHAP SAC KY KHi KHOI PHO KET HOP
VOI KY THUAT CHIET LONG - LONG
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Tom tat: Nicotine niéu la mét trong nhiing chi tiéu can lam sang dé€ danh gid muc do tiép xdc va giam
dinh bénh nhiém doc nicotine nghé nghiép. Phuong phap quang phd hap thu phan ti ciing nhu phuong
phép séc ky khi khdi phd (GC/MS) véi ki thuat chiét pha ran trwedc day da dugc nghién ctu va dp dung,
nhung d6 thu hoi va d6 13p lai cia phuong phép con thap. Ky thuét chiét long — long va phan tich trén
GC/MS tiép tuc dugce nghién cttu va tiing dung tai phong thi nghiém cta Vién Pasteur Nha Trang. Nicotine
trong nudc tiéu ctia cong nhan duwoc chiét bang hdn hop dung moi dichloromethane — hexane (1:1 v/v)
trong méi treong kiém; phan dung moéi hitu co duoc ¢6 can dudi tac dung ctia dong khi nito, sau d6 hoa
tan lai bang dung méi toluen va phan tich trén hé théng GC/MS. Phuong phép xay dung c6 gi6i han phat
hién 2,0 pg/L, hiéu sudt thu hoi ttr 80 % dén 109 % va do 1éch chudn twong déi tir 4,6 % dén 9,7 %. Két qua
phén tich ham lugng nicotine niéu ctia cong nhan hit va khong hut thudc 14 Ian luot 1a 0,013-3,324 mg/L
(n = 124) va 0,006-1,550 mg/L (1 = 423).

Tt khoa: chiét long- 16ng, nicotine niéu, GC/MS
1 Mo dau

Thudc 1a la mot trong nhitng san pham ¢6 s6 nguoi sit dung nhiéu trén thé gidi, khoang
1,1 ti nguoi trong ndm 2015 [13]. Viéc san xudt thudc 1a tuy khong duoc khuyén khich nhung
ngay cang phat trién va mo rong cung vdi su gia tang manh vé thi truong tiéu thu. Nganh cong
nghiép thudc 14 da mang lai 1oi ich khong nho vé kinh t€ cling nhw xa hoi cho nhiéu qudc gia.
Tuy nhién, xét vé mat tac hai, thudc 14 c6 nhiéu yéu t6 anh huong dén strc khoe nguoi lao dong.
Vao nam 1998, Ehsay da dé cap dén anh huéng sinh hoc ¢ cong nhan ti€p xtc nghé véi bui
thudc trong qua trinh san xuét. Khoi va bui thudc 1a sinh ra trong qua trinh san xuét chtra trén
40 chat 6 kha nang gay ung thu nhw nicotine, carbon monoxide, cac hop chdt vong thom...,
trong do nicotine la thanh phéan chinh gay hai dén sttc khoe con nguoi; né la chat gay doc than
kinh rdt manh, gdy anh huwong dén da, phoi, tim mach [4].

Nhiém ddc nicotine duoc cong nhan la bénh nghé nghiép duoc bao hiém tai Viét Nam.
Xét nghiém nicotine hodc cotinine niéu la hai chi s6 can 1am sang dé danh gia va tham dinh c6
nhiém ddc nicotine nghé nghiép hay khong (Thong tw s§ 12/2006/TT-BYT). Cé nhiéu phuong
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phép (ky thuét) phan tich khac nhau d€ xac dinh nicotine va cotinine niéu: phwong phap chung
cdt bang 16i cudn hoi nudc va phan tich trén may quang phd hap thu phan ti (so mau) [3];
phuong phép sac ky long hiéu niang cao (HPLC) véi detector quang phd tir ngoai (UV) [6],[11];
stt dung k§y thuat vi chiét pha ran két hop véi giai hap nhiét (HS/SPME) va phan tich trén hé
thdng GC/MS [7]; ki thuét chiét 1ong — long va phan tich trén may séic ky khi véi detector nito
phdt pho[8] hodc detector khdi phd (MS)[9], [10]; phwong phép séac ky long hai Tan khdi phd
(LS/MS/MS) ciing da duwoc nghién ctru va tng dung dé€ xac dinh nicotine va cac hop chat
chuyén héa ctia né trong mau nicotine niéu [5].

Hién nay, tai Viét Nam van chwa cé tiéu chudn hay thong tw huéng dan nao cta co quan
c6 thdm quyén quy dinh vé viéc xét nghiém nicotine hodc cotinine niéu tng dung trong viéc
khdm va gidm dinh bénh nhiém doc nicotine nghé nghiép. Trong nghién ctru nay, ching toi
tién hanh nghién cttu Gng dung va phét trién phuong phap xac dinh nicotine niéu bang k§
thuat chiét 1ong- long két hop véi phuong phap phén tich sic ky khi khdi phd (GC/MS) dé xac
dinh néng dd nicotine niéu cua cdng nhan c6 hat va khong hat thude 14, tir d6 danh gia tinh
hinh phoi nhiém nicotine ctia cdng nhan lam viéc trong nha may san xuat thudc 14.

2 Dai tuwong va phwong phap nghién ciru

2.1 D0i tugng va dia di€ém nghién citu

D&i tugng nghién ctu 1a mau nuwdc tidu ctua cong nhan lam viée trong cong ty san xuat
thudc 14 trén dia ban tinh Khanh Hoa (Viét Nam).

Nghién cttu dugc thuc hién tai Khoa Y hoc lao dong va Bénh nghé nghiép Vién Pasteur
Nha Trang tir thang 6 nam 2015 dén thang 6 nam 2016.

2.2 Thiét bi va héa chat

Céac dung moi va dung dich chuan, ndi chuidn duoc st dung trong nghién ctru nay la cac
héa chét loai tinh khiét dung trong phan tich sic ky gom hexan, dichloromethane, methanol,
toluene, va acetic acid cia Merk (Ptc); nicotine, diphenylamine va quinoline ctia Sigma-
Aldrich (My).

Hé théng méy phan tich sic ky khi khdi phd (GC/MS) ctia Agilent (GC-6890 va MS 5973)
gom cdt HP-5MS véi chiéu dai 30m, dwong kinh trong 0,25mm, chiéu day 16p pha tinh 0,25 um.
biéu kién phan tich: nhiét d6 budng tiém mau 225 °C, thé tich tiém mau 1pL, ché do tiém mau
khong chia dong, chuong trinh nhiét do 60 °C gitt 0 phat, gia nhiét 20 °C/phut tir 60 °C dén
240 °C gitt 0 phut va chay lam sach c6t tai nhiét d6 280 °C trong thoi gian 5 phut.

Diéu kién lam viéc cta thiét bi khdi phd: ngudn ion héa EI (Ion hoa trén co sé ban pha
dién t&r); nhiét d6 ngudn ion hda: 230 °C; nhiét d6 interface: 280 °C; thoi gian cit dung moi: 3,5
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phut; hiéu thé detector: 1,35 kV; ché d§ phan tich lya chon manh (SIM): nicotine (84), quinoline
(129), diphenylamine (169).

2.3 Phuwong phap nghién cttu

Quy trinh thu miu: tit ca cac mau nudc ti€u ctia cong nhan bat dau tir ca lam viéc hom
trude cho dén ca lam viéc ctia ngay tiép theo (24 gid) dwgc thu vao chai nhya (PE), sau d6 dua
vé phong thi nghiém, tron déu mau ctia riéng tirng nguodi sau d6 14y mot phan thé tich khoang
25mL bao quan tai nhiét d¢ —20 °C cho dén khi phan tich.

Quy trinh phén tich: htt chinh x4c 1mL mau cho vao 6ng nghiém thuy tinh da rtra sach,
thém vao 500uL dung dich dém pH = 13 (NaOH/NaCl) va 100uL dung dich ndi chudn
diphenylamine nong do 2 mg/L. Lac trong vong 1 phut d& tron déu mau, sau d6 cho tiép 3mL
hdn hop dung méi chiét (dichloromethane — hexane, 1:1 v/v), tién hanh l4c trong vong 15 phut
voi toc do 15000 vong/phut. Tach chiét phan dung moi sang mot 1 dng nghiém ly tam thuy tinh
méi chira sdn 10uL acetic acid bang. Phan dung dich duoc chiét tiép lan 2 bang 2mL hon hop
dung moi chiét theo quy trinh nhw da trinh bay. Gop cac pha httu co, ly tdm, lam khan dung
moi va cd cho dén can bang dong khi nito. Hoa tan lai dich chiét bang 1mL dung mdi toluene
chtta quinoline ndng d6 100ppb va phan tich trén GC/MS. Thé tich 1 pL. mau dwa vao phan tich
GC/MS.

Xdy dwng dwong chudn: chudn bi day chuan lam viéc gobm 6 dung dich c6 ndéng do
0,010mg/L; 0,020mg/L; 0,050mg/L; 0,100 mg/L; 0,200 mg/L va 0,300 mg/L; néng dd dung dich
ndi chudn la 0,200 mg/L. Tién hanh phéan tich trén thiét bi GC/MS theo cac diéu kién toi vu da
khao sat.

Gian d6 pho SCAN, pho khdi luong va phd chon loc ion (SIM) cta nicotine, quinoline va
diphenylamine dwgc miéu ta trong hinh 1 va hinh 2.

3 K&t qua va thao luan

3.1 XAy dung cic chi s6 thim dinh phuong phap
Duong chuan
Puong chuan dé€ tinh ham lwong nicotine:
Y = (0,00168 + 0,00004)-X — (0,01684 + 0,00616); R>=0,9977

trong d6, X la nong d¢ chdt chudn nicotine (mg/L), Y la ti 1¢ tin hiéu gitra chiéu cao peak cua
nicotine va chat ndi chuan (diphenylamine), R la hé s6 twong quan.

Puong chuan dé tinh hiéu sudt thu hoi mau:
Y =(0,00621 + 0,00004)-X — (0,02263 + 0,00649); R? =0,9998
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trong d6 X la néng d¢ chat xac dinh hiéu suat thu hodi, quinoline (mg/L), Y la ti 1é tin hiéu gitra
chiéu cao peak cua quinoline va chdt ndi chudn (diphenylamine), R la hé sd twong quan.
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Hinh 2. Gian d6 phd chon loc ion (SIM): nicotine (84), quinoline (129) va diphenylamine (169)

Gioi han phat hién (LOD) va giéi han dinh lwong (LOQ)

Chudn bi mau nudc ti€u cé nong do nicotine ndm trong khoang LOD wéc luong, tién
hanh phan tich lap lai 10 Jan va tinh néng d¢ nicotine theo dwong chuan da xay dung thu duoc
két qua miéu ta trong Bang 1.
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Dénh gia LOD théng qua viéc lap ti s6 R = Xu/LOD[2]

Néu 4 < R < 10 thi néng d¢ dung dich thr 1a phu hop va LOD tinh dugc la dang tin
cay.Néu R < 4 thi phai dung dung dich the dam ddc hon. Néu R > 10 thi phai dung dung dich
thtr loang hon. Két qua khao sat voi mau thtr d3 chon cho thay R = 4,65; nhu vay mau the da
chon c6 néng dd phu hop va gia tri LOD tinh duoc la dang tin cay.

Bang 1. Két qua xac dinh LOD va LOQ

Lan khao Tin hiéu do/chiéu cao peak (AU)*
STT Sat 7 Nong do nicotine (mg/L)
Nicotine NOi chuan
1 Lan 1 103 10338 0,0085
2 Lan 2 106 10403 0,0087
3 Lan 3 118 10302 0,0097
4 Lan 4 110 10733 0,0087
5 Lan 5 118 10401 0,0097
6 Lan 6 100 10191 0,0084
7 Lan 7 114 10305 0,0094
8 Lan 8 116 10269 0,0096
9 Lan 9 118 10606 0,0095
10 Lan 10 125 10232 0,0104
Trung binh (X#) 0,0093
Do léch chuéan (SD) 0,0007
LOD (3 xSD) 0,0020
LOQ (10 xSD) 0,0066

*AU: Abundance Unit

145



Bui Van Huy va CS. Tap 126, S6 1A, 2017

Do thu hoi va d6 13p lai caa phwong phap

Dé€ xac dinh hiéu suét thu héi cing nhu d6 1ap lai cia phwong phap, ching t6i sit dung
mau thuc thém chuan ¢ cac cap nong d6 0,100 mg/L va 0,300 mg/L. Sau d6, thuc hién quy trinh
phan tich da lya chon va tién hanh phan tich 1ap lai 6 Tan; két qua duoc trinh bay ¢ Bang 2.

Bang 2.D6 thu hoi va do léch chuan twong d6i (RSD) khi phéan tich ldp lai nicotine & cdp nong d6 0,100

mg/L va 0,300 mg/L
, Do 1éch chud ot , .
Hop chat/ Tiéu chuan | Nong d6 (mg/L) o jech chan (’Euong doi Hiéu suét thu hoi (%)
(RSD) (%)

0,100 9,7 90,7 (79,7-105,3)
Nicotine

0,300 6,5 98,8 (80,2-109)

0,010 21 60-115
AOAC** 0,100 15 80-110

1,000 11 80 - 110

** Hiép hoi cdc nha Héa hoc Phin tich — Asociation of Official Analytical Chemists

Két qua phan tich ham lugng nicotine niéu ctia cong nhan

Ung dung phuong phép phan tich da xay dung dé phan tich ham luong nicotine niéu
cua cong nhan lam viéc trong nha may san xuat thudc 1a; két qua dwgc miéu ta trong Bang 3.

Bang 3.Ham lwong nicotine niéu ctia cdng nhéan ¢6 hut thudc 14 va khong hut thu6e 14

Nong do nicotine niéu (mg/L) Tiéu chudn danh gia
S6 lwong cong
nhan L6 T binh TT:12/2006/ 56 mau
i én rung bin : A
tt
Nhoé nhat nhat TT_BYT virQ Nleu
chuan
. . o Khone oha
Khong hut thuoe -hong phat 1,550 0,047 + 0,150 <03 14
la(n = 423) hién (<LOD)
C6 hit thude 13 0013 | 3,324 0,623+ 0,641 <12 22
(n=124)

Trong 547 mau nudce tiéu ctia cdng nhan duoc tién hanh phan tich trong nam 2015, chting
toi nhan thdy ¢ nhém cong nhan khong hut thudc 1a, ham lwgng nicotine niéu ¢ gia tri trung
binh khoang (0,047 + 0,150) mg/L, trong d6 c6 75 mau khdng phat hién (nho hon gidi han cta
phuong phép) va 14 mau c¢6 ham luong nicotine viot ngudng theo tiéu chudn giam dinh bénh
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nghé nghiép (TT:12/2006/TT-BYT).Dé nghi kham thém tai cac chuyén khoa lam sang khac dé
khang dinh nhitng cong nhan nay cé bi méc bénh nhiém doc nicotine nghé nghiép hay khong.
D6i voi nhdém cdng nhan c6 hut thudc 14, ham lwgng nicotine niéu trung binh khoang (0,623 +
0,641) mg/L va s8 mau vuot ngudng theo tiéu chudn gidm dinh 1a 22.

Nghién ctru quy trinh x ly mau dé€ dinh luong nicotine niéu da dwoc nhidu tac gia
nghién ctru trede day [7], [5], [9]. Trong nghién cttu cua Massadeh va cong sw [10], khau xtr ly
mau duoc tac gia tién hanh chi 1 Tan tach chiét va thé tich hoa tan mau sau cting la 100 pL. Khi
tng dung dung k§y thuat nay vao thyec tién tai phong thi nghiém cho nhiéu d8i twong thuc hién,
ching t6i nhan thay khong kiém soat duoc d¢ 1dp lai ctia qua trinh tach chiét. Mac du thé tich
hoa tan mau nho (100 pL) gitp lam ting ¢ nhay cta tin hiéu do, nhung do khong st dung chat
dé danh gia hiéu sudt thu h6i mau nén khong thé kiém soat dwoc hiéu suat thu hdi cua qua
trinh tach chiét (vi d6 nhay ctia tin hiéu do c6 su thay ddi theo thoi gian). D& khéc phuc van dé
néu trén va xay dung phuong phap c6 thé tng dung cho nhiéu phong thi nghiém cling nhw
giup can bd quan ly phong thi nghiém kiém soat duoc két qua do, ching t6i chon ky thuét chiét
long — 16ng véi thé tich mau ban dau 1 mL, chiét 3 lan, Ian dau 3 mL va hai [an sau méi [an 2 mL
dung mdi, thé tich dinh mttc sau khi cd va tinh ché mau 1a 1 mL ¢4 chita chat tinh hiéu suat thu
hodi nong dd 100 ppb. Két qua cho thiy d6 léch chuan twong d6i gitta cac lan phén tich 1ap lai
dat ttr 6,5 %dén9,7 % va hiéu suat thu hoi dat ttr 80 %dén 109 %.

Khi khao sat hé s6 dép ung (la ti sO gitra tin hiéu do cta chat phan tich véi nong do cua
nd trén cung mét thiét bi do [12]) cta tirng hop chét riéng 1é (nicotine va diphenlyamine), chung
toi nhan thay tin hiéu do ti 1€ tuyén tinh véi nong d6 ctua chat phan tich trong khoang nong d6
0,010 mg/L dén 2,000 mg/L. Tuy nhién, khi khao sat hé s6 dap ting dong thoi ctia chat phan tich
va noi chuan trong cing 1 mau trén detector khdi phd, ching tdi nhan thay hé s6 dap tng c6 su
thay d6i khi néng do chat phan tich 16n hon 0,300 mg/L. Vi vay, trong nghién cttu nay, chung
toi chon khoang nong d¢ tuyén tinh ttr 0,010 mg/L dén 0,300 mg/L d€ tién hanh phan tich dinh
lwong. V6i nhitng mau phan tich cé nong d6 16n hon 0,300 mg/L, tién hanh pha lodng mau dé
nong d6 nicotinegia tri ndm trong viing tuyén tinh da khao sit. Trong cac nghién ctu cta
Massadeh va cong su [10],chung t6i khong thay s6 liéu khao sat vé hé sd dap ung, vi vay
khoang ndng do tuyén tinh twong ting trong cac nghién cttu nay cé gia tri rong hon so voi két
qua nghién ctru nay.

Hiéu suét thu hdi cia phuong phép xay dung dat tir 80 % dén 109 %; gia tri nay nam
trong khoang tiéu chudn cho phép theo AOAC khi phén tich ¢ cdp ham lwong phan triéu (ppb).
Két qua nghién ctru nay twong tw nhu két qua nghién ctru cia Massadeh va cdng sy phét trién
trén cung phuong phap [10]. D9 ldp lai ctia phuong phap ciing thu duoc két qua dap ng theo
yéu cau ctia AOAC, v6i RSD nam trong khoang 3,7-9,7 %.

Trong nghién ctru nay, ching t6i chwa danh gia cac méi twong quan nhw néng dd nicotine
trong moi treong khong khi, diéu kién méi truong lao dong, tham nién va vi tri cong tac cling nhu
sO luong thudc hut trén ngay va thoi gian da hat véi nong do nicotine niéu trén ting nhoém doi
tuong. Tuy nhién, ching t6i da budc dau xay dung thanh cong phwong phap phan tich dap tng
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theo yéu cau cua AOAC dé€ xac dinh ham luong nicotine niéu cua céng nhan lam viéc trong
cong ty san thudc la véi hai nhém d6i tuong la ¢6 hat thude 14 va khong hut thudc la. Két qua
cuia nghién cttu con cho thdy c¢6 3,3 % sd cong nhan c6 ham luwong nicotine viegt ngudng tiéu
chudn cho phép v6i nhdm d6i tuwong khong hat thude 14 va 17,7 % d6i voi nhom doi twgng cd
hat thudc 14. Két qua nghién ctru ctia Nguyén Thi Trac Ly va cong su [1] khi khao sat ham
lwong nicotine niéu ctia cong nhan trong nha may thudc 14 tai khu vuc thanh phd H6 Chi Minh
cling chi ra rang c6 su phoi nhiém nicotine d&i véi cong nhan lam viéc trong moi treong nay va
tudi nghé ctt tang 1én 1 nam thi nguy co bi theo doi nicotine tang 1én 1,04 [an. Thoi gian hat thude ci
tang lén mot nam thi nguy co bi theo ddi nhiém nicotine tang 1én 1,09 lan.

4  Kétluan

K&t qua nghién ctru cho thay phuong phép chiét 1ong — 1éng va phan tich trén thiét bi sac
ky khi khdi pho c6 thé tng dung d€ dinh luong nicotine niéu ¢ cdp ham luwgng thap véi LOQ
(6,6ppb), hiéu sudt thu hoi dat ttr 80 % 109 % dap tng tiéu chuan cho phép theo Hiép hoi cac
nha hoa hoc phan tich (AOAC).
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DETERMINATION OF NICOTINE IN TOBACCO WORKER’S
URINE USING LIQUID-LIQUID EXTRACTION AND GAS
CHROMATOGRAPHY-MASS SPECTROMETRY (GC-MS)

Bui Van Huy', Le Vu Dang Giao!, Truong Quy Tung?

!Nha Trang Pasteur Institute, 08 Tran Phu street, Nha Trang city, Khanh Hoa province, Viet Nam
2Hue University, 03 Le Loi street, Hue city, Viet Nam

Abstract: Nicotine concentration in urine is one of the key (critical) subclinical indices to estimate the ex-
posure levels, as well as to appraise thenicotine-poisoning occupational disease. The determination of
nicotine has been performedusing techniques such as ultraviolet-visible spectrophotometry and solid-
phase extraction with GC/MS; however, the recoveries and the repeatability were relatively low. There-
fore, a liquid-liquid extraction method combined with gas-chromatography-mass-spectrometry has been
developed for the determination of nicotine in the urine sample of workers of tobacco factories. Nicotine
was extracted with a dichloromethane-hexane mixture (1:1 v/v) in an alkaline solution. The organic phase
was evaporated under a stream of nitrogen gas until dryness, then reconstituted to 1 mL with toluene and
analyzed using a GC/MS system. This has been considered as a high-reliability and high-sensitivity meth-
od with the limit of detection 2.0 pg/L, from 80 % to 109 % of recovery performance of the sample, and
repeatability from 4.6 % to 9.7 %. The results of this study showed that the ranges of nicotine concentration
in the urine sample of smoking and non-smoking workers of the tobacco factories were 0.013 mg/L-3.324
mg/L (n=124) and 0.006 mg/L-1.550 mg/L (1 = 423), respectively.

Keywords: Liquid-liquid extraction, nicotine, urine, GC/MS
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