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NGHIEN CU’U XAY DUNG QUY TRINH XAC DINH
3,5,6-TRICHLORO-2-PYRIDINOL TRONG NU'O'C TIEU
BANG SAC Ki KHi KHOI PHO

ThS. NGUYEN MAI DUNG, ThS. CHU THI NHU QUYNH
TS. LE ANH HAO - Vién Phdp y Quéc gia

TOM TAT: Nghién ctiu xay dung quy trinh xac dinh 3,5,6-trichloro-2-pyridinol trong nuoc tiéu bang sdc
ki khi khoi pho tai Vién Phap y Quoc gia, lam co s6 chan doan ngd doc chlorpyrifos.

Két qua: Xay dung thanh céng quy trinh xéac dinh 3,5,6-trichloro-2-pyridinol trong nwéc tiéu bang
phwong phap c6 do dung, dé chinh xac voi ti 1€ thu hoi ter 84,29-91,8%; o sw tuong quan tuyén tinh chat
ché gitra nong d6 3,5,6-trichloro-2-pyridinol voi ti 1€ dién tich pic 3,5, 6-trichloro-2-pyridinol/chuan ndi trong
khoang néng dé ttr 10-500 ng/ml, hé sé twrong quan xap xi béng 1 va phwong trinh hoi quy tuyen tinh y =
0,0041x + 0,0134; gioi han phat hién va gi6i han dinh lugng cda 3,5,6-trichloro-2-pyridinol trong nuwéc tiéu
lan luot Ia 0,5 ng/ml va 1,5 ng/ml hiéu suét ch/et 3,5,6-trichloro-2-pyridinol tir mau nuwéc tiéu dat tir 84, 29-
91,87% (RSD < 5%). Két qua phan tich 7 mau nuére tiéu nghi ngo ngd déc chlorpyrifos cho két qua 5 mau
dwong tinh 3,5, 6-trichloro-2-pyridinol va 2 mau &m tinh.

T khéa: 3,5,6-trichloro-2-pyridinol, chlorpyrifos, sac ki khi khdi phd, Urine.

ABSTRACT: Study and develop a process to determine 3,5,6-trichloro-2-pyridinol in urine by gas
chromatography-mass spectrometry at the National Institute of Forensic medicine, as a basis for the
diagnosis of chlorpyrifos poisoning.

Results: Successfully developed a process to determine 3,5,6-trichloro-2-pyridinol in urine by the
method with accuracy and precision with the recovery rate from 84.29-91.8%;, there was a close linear
correlation between the concentration of 3,5, 6-trichloro-2-pyridinol and the peak area ratio of 3,5, 6-trichloro-
2-pyridinol/internal standard in the concentration range from 10-500 ng/ml, the correlation coefficient was
approximately equal to one and the linear regression equation y = 0.0041x + 0.0134; the detection limit
and the quantitative limit of 3,5,6-trichloro-2-pyridinol in urine were 0.5 ng/ml and 1.5 ng/ml, respectively;
extraction efficiency of 3,5,6-trichloro-2-pyridinol from urine samples was from 84.29-91.87% (RSD < 5%,).
The results of an analysis of seven urine samples suspected of chlorpyrifos poisoning showed five positive
3,56,6-trichloro-2-pyridinol samples and two negative samples.
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1. DAT VAN DBE.

Chlorpyrifos (CP) la mét loai thubc bao vé thuc
vat nhéom lan hiru co, dwgc sir dung ca trong néng
nghiép va céng nghiép [2]. Khi vao trong co thé, CP

cao, dugc sir dung phd bién trong giam dinh phap
y nham khéng dinh sw cé mat ctia TCP trong mau
nwéc tiéu can phan tich [4], [5].

Chung t6i thwe hién nghién ciu nay nham xay

dwoc chuyén héa thanh cac chat khac nhau va thai
trir chd yéu qua nwéc tidu dwédi dang chuyén hoéa
véi chat chuyén hoa chinh 1a TCP (3,5,6-trichloro-
2-pyridinol). Do ddc tinh cao dbi v&i strc khde con
nguoi, nén CP da bi loai khéi danh muc thubc bao
vé thyc vat dwgc phép str dung tai Viét Nam ti
nam 2019 [1]. Mac du vay, Vién Phap y Quoc gia
van nhan dwoc nhiéu vu treng cau va yéu cau giam
dinh ¢6 lién quan dén ngd déc CP trong thoi gian
gan day.

Khang dinh sw cé mét ctia TCP trong nuéc tiéu
Ia mét tiéu chi quan trong khi xac dinh ngd déc
CP. Sé&c ki khi khdi phd v&i sy ion hoa dién tir la
phwong phap phan tich hién dai, c6 tinh dac hiéu
Tap chi Y HOC QUAN SV, SO 360 (9-10/2022)

dwng quy trinh xac dinh TCP trong nwéc tiéu bang
sac ki khi khdi phd, phuc vu coéng tac giam dinh
phap y va hb tro diéu tri 1am sang cac trudng hop
c6 lién quan dén ngd doc CP.

2. POl TUQONG, CHAT LIEU VA PHUONG
PHAP NGHIEN CUU.

2.1. Béi twong, chat liéu nghién clru:

- B6i twong nghién ctru: mau chuan (mau nuéc
tiéu khong chira TCP, dwoc thém chuan tao céac
mau nuéc tidu cé ndng dd TCP tir 0,5-500 ng/ml
va chuén néi propofol 100 ng/ml) va 7 mau nwéc
tiéu ctia ngwoi nghi ngd ngd ddc CP, giam dinh tai
Khoa Doc chéat, Vién Phap y Quéc gia.
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- Chét liéu nghién ctru:

+ Hoa chat va thudc thir: chat chuan TCP 100
mg (Lot BNBZ8746, hang Sigma Aldrich); chat
chuén néi propofol 1 ml (Lot BCCC 9065, hang
Sigma Aldrich).

+ Hoéa chét dung méi: methanol (HPLC), acid
hydrochloric, diethylether, acetonitril, ethyl ace,tat,
n-hexan, dichlormethan, natri hydroxyd, nw&c cat...

+ 3,5,6-trichloro-2-pyridinol (TCP).

- Thiét bi nghién ctru: may sac ki khi Agilent
7890B két noi khoi phd MS 5977A; can phan tich
Mettler AB240 (Thuy ST); cot chiet pha ran C8 (500
mg, 3 ml), C18 (200 mg, 3 ml), Bond elute certify
(200 mg, 3 ml); hé thong chiét pha ran; may lac
siéu am, may li tam, ta say, hé thong lam khé bang
nito’; binh n(’)n‘, (“)ng’nghiém dinh mirc cac loai va
cac dung cu can thiét khac.

2.2. Phwong phap nghién ciru:

- Thiét ké nghién ctu: thwc nghiém, xay dung
quy trinh xac dinh TCP.

- Didu kién s&c ki khi khéi phd:

+ Cot séc ki HP5-MS (30m x 250 ym x 0,25 pm)
cua Agilent.

+ Thé tich tiém mau 1 pl véi bd tiém mau tw dong.

+ Ché dd tiém mau khong chia dong (splitless).

+ Khi mang heli, tbc do dong 1 ml/phut.

+Ngudn ion héa El 70eV; nhiét d nguén ion 250°C.

+ Nhiét dé Ib,cét: 80°C gilr trong 3 phut, téqg
40°C/phut, 1én den 200°C va gilr trong 1 phut, tiep
tuc tang 10°C/phut dén 290°C va gilr trong 6 phut.

Abundance

- Chuén bj mau nghién ctru:

+ Dung dich chuan gbc: pha dung dich chuan
TCP 1 pg/ml trong methanol va dung dich chuén
ndi propofol néng d6 1 ug/ml trong methanol.

+ Mau chuan: mau nudc tiéu tréng (khong chiva
TCP) dwgc thém chuén, tao cdc mau co nong dé TCP
tor 0,5-500 ng/ml va chuén néi propofol 100 ng/ml.

+ Mau th&r: s& dung mau nwéc tiéu nghi ngd
ngd doc CP, thém dung dich chuén néi propofol
100 ng/ml.

- X& li m&u: hut chinh xac 1,00 ml nwéc tiéu vao
dng nghiém, thém 50 ul dung dich acid chlohydric
d&c, thay phan & nhiét dd 80°C trong 30 phut, dé
nguc}i\méu 53’ nh‘iét aé phc‘)pg. Thém 3,00 ml EtOAc
(x 2 lan), lac bang may lac 5 phut & 2.000 vong/
phut. Dich chiét trong dung méi hivu co dwoc lam
kho bang khi nito’ t&i can. Can dwoc hoa tan trong
100 pl MeOH réi tién hanh sac ki.

3. KET QUA NGHIEN CcUU.

3.1. Khao sat phé khéi cia TCP va chuan néi:

TCP va chuén ndi dwoc phan tich trén sac ki khi
khéi phd theo chwong trinh dwoc lwa chon, ché do
scan. Phb khéi cia TCP va chuan ndi rd rang va
riéng biét (hinh 1A @én hinh 1D).

Dwa vao tinh dac trweng va mirc dé tin hiéu,
chung t6i lwa chon manh m/z = 197; 169; 107 cho
TCP va m/z = 163; 178; 117 cho chuén ndi dé phan
tich sac ki theo ché d6 chon loc ion (SIM). Manh
m/z = 197 va manh m/z = 163 s dung dé phan
tich dinh lwong.

lon 197.00 (196.70 to 197.70): M10 SCAN .D\data.ms
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lon 169.00 (168.70 to 169.70): M10 SCAN .D\data.ms
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lon 107.00 (106.70 to 107.70): M10 SCAN .D\data.ms
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Hinh 1A. S&c db ion thanh phéan TCP.
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Abundance

lon 163.00 (162.70 to 163.70): PROPOFOL2.D\ data.nms
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lon 117.00 (116.70 to 117.70): PROPOFOL2.D\ data.ms
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Hinh 1B. S&c db ion thanh phéan chudn noi.

Abundance

Scan 393 (7.007 min): M10 SCAN.D\data.ms
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Hinh 1C. Phé khéi luong cta TCP.
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Abundance
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Hinh 1D. Phé khéi long cta chuén néi.

3.2. banh gia phwong phap:

- Sw phu hop ctia hé théng sac ki: tién hanh tiém I&p lai 6 1an mau chuan TCP 100 ng/ml. Két qua thoi
gian lwu ctia TCP tir 7,06-7,09, trung binh Ia 7,08. RSD cua thi gian lwu va dién tich pic lan lwot 1a 0,15%
va 1,49%. Thoi gian Iwu va dién tich pic gitra cac lan phan tich khac biét khéng nhiéu, déu c6 RSD < 2%.
Vay hé thdng sac ki 6n dinh, bdo d&m chinh x&c dé phan tich cho két qua tin cay.

- Do dac hiéu: chuan bi 6 mau nuéc tiéu trdng, 6 mau nwoc tiéu trdng thém chuén va chun ndi & ndng
dd 500 ng/ml méi chat. Xt i mau va tién hanh séc ki theo diéu kién nhw trén. Séc ki dd ctia mau trang,
mau trang thém chuan va mau chuan dwoc nhw sau (hinh 2A dén hinh 2C):
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lon 197.00 (1965.70 to 197.70) MAU TRAMNGIT1.Ddata.ms
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lon 182,00 (162.70 to 162.70) MALU TRAMNG1.Ddata.ms
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Hinh 2A. Séc dé méu nudc tiéu trang.
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Alpundance
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Hinh 2B. Sac dé mau chuén.

Abundance
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Hinh 2C. S&c d6 mé&u nudc tiéu tréng thém chuén.
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Trén sac ki d6 mau trdng, khong thay pic tin
hi§u tai ’gh(‘)’i~gianllu’u cla TCP,vé noi chuér]. Trén
sac ki d6 mau trang thém chuan, co pic xuat hién
twong tng voi thoi gian lwu ctia TCP va noi chuén
trong mau chuan. Nhw vay, phwong phap cé do
dac hiéu, chon loc.

- Khoang tuyén tinh va duwéng chuén ctia TCP:

Bang 1. Khoang tuyén tinh ctia TCP.

Noéng dd TCP (ng/ml) | Tilé dién tich pic Std/ls

10 0,0516

20 0,0916

50 0,2268

100 0,4347

200 0,8356

500 2,0853
Phwong trinh hdi quy |y = 0,0041x + 0,0134
Hé sb twong quan R2=0,9999

- Pwéng chuén TCP trong nwéc tiéu:

25000 y = 0,0041x + 0,0134
%) R? =0,9999
3 2,0000 ®
21,5000
.C
£ 40000 :
S .
o 05000 o
— ..-'

0,0000 *

0 200 400 600

Néng dé (ng/ml)

Hinh 3. D6 thj biéu dién sw phu thudc tuyén tinh
gitra nbng dé TCP va ti 1é dién tich pic TCP/chuén noi.

Cé sy twong quan tuyén tinh ch&t ché gitra
ndng d6 TCP véi ti 1& dién tich pic TCP/chuan noi
trong khoang ndng dd khao sat tir 10-500 ng/ml v&i
hé sb twong quan xap xi bang 1, phwong trinh hoi
quy tuyén tinh:

y =0,0041x + 0,0134.

- D6 dung, dd chinh xac: dé dung cla phwong
phap dwoc xac dinh tai 3 mirc ndng d6 (10 ng/ml,
100 ng/ml va 500 ng/ml), mdi néng dd thwc hién
3 lan. Xac dinh ham lwgng TCP trong mau bang
phuong phap dwéng chuén va tinh d6 thu héi (1a ti
l& % gitra lwong xac dinh dwoc so véi li thuyét). Két
qua khao sat dé dung thu dworc tai bang 2.

Theo d6, & cac khodng ndng dé thap, trung binh
va cao clia cac chéat phan tich, phwong phap déu
c6 gia tri d6 dung (n = 3) nam trong gié¢i han cho
phép ttr 85-115%. B chinh xac dap rng dwoc quy
dinh (RSD déu < 15%). Vay phwong phap dap &ng
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cac yéu cau vé do dung, do lap lai ciia phwong
phap phan tich TCP trong nuwéc tiéu.
Bang 2. Két qua khao sat do dung.

STT Néng dd | Lwong tich |[Dd dung | Trung | RSD
(ng/ml) dwoc (%) binh | (%)

1 9,13 91,32

2 10 10,37 103,74 |97,83|6,37

3 9,84 98,43

1 87,60 87,60

2 100 101,49 101,49 |94,52|7,35

3 94,45 94,45

1 478,82 95,76

2 500 463,71 92,74 |95,05(2,15

3 483,23 96,65

- GiGi han phat hién (LOD) va gi¢i han dinh
lvong (LOQ):
Abundance
3800 lon 197.00 (196.70 to 197.70): 05NG.D\data.ms
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Hinh 4. S&c dé xac dinh LOD
théng qua xéc dinh S/N trong nuéc tiéu.

Xac dinh LOD clia phwong phap bang cach
khao sat cac mau trdng thém chuén c6 ham lwong
TCP gidm dan; so sanh tin hiéu chiéu cao ctia TCP
v&i nhiéu dwdng nén tai cac ham lwong do. Xac
dinh LOD tai néng dd cé S/N khoadng bang 3. Xac
dinh LOQ tai ndng dd c6 S/N khoang bang 10. Két
qua khao sat cho gi¢i han phat hién (LOD) va gidi
han dinh lvgng (LOQ) ctia TCP trong nwéc tiéu 1an
lwot la 0,5 ng/ml va 1,5 ng/ml. Két qua nay cho thay
dd nhay phan tich cao, dap (rng yéu cau phan tich
lwong vét.

- Hiéu suét chiét: khdo sat hiéu suét chiét cla
TCP trong mau nwéc tiéu & 3 ndng d6 (10 ng, 100
ng va 500 ng/ml); tién hanh phan tich sic ki theo
chwong trinh da xay dwng. Hiéu suét chiét dwoc
tinh bang ti 1& % dién tich pic cia dung dich chuan
cung néng do gitra chiét va khong chiét. Két qua
khao sat hiéu suét chiét:

Tap chi Y HOC QUAN SU, SO 360 (9-10/2022)
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Bang 3. Hiéu suét chiét TCP trong mau nudc tiéu.

Do thu hdi (%)
STT

10 ng 100 ng 500 ng

1 90,05 93,78 89,29
2 91,07 87,23 88,96
3 87,03 90,15 84,39
4 88,51 85,26 92,28
5 84,29 91,87 90,17
6 89,46 88,29 86,98
Trung binh 88,40 89,43 88,68
RSD 2,76 3,49 3,06

Tai cd 3 mlrc ndng d6 TCP dwoc khéo sat, do
thu hdi déu cao trén 80%. Hiéu suét chiét TCP tir
mau nwdc tiéu dat trong khodng tir 84,29-91,87%.
Két qua gilra cac lan phan tich c6 do 1ap lai tot voi
RSD < 5%.

3.3. Ap dung quy trinh phan tich mau thwc té:

Dwa trén quy trinh da xay dwng, ap dung dé
dinh lwgng TCP trong mau nwéc tiéu cla ngudi
nghi ngd ngd doc CP; 13p lai 3 1an trén mdi mau va
tinh két qua trung binh. Két qua cu thé:

Bang 4. Két qua dinh lwong TCP trong mau
nwéc tiéu nghi ngd.

STT Ho va tén Néng do (ng/ml)
1 Pham Thi L. 249,27 + 4,16
2 |NgocCongT. 81,24 + 1,78
3 |P&HaiP. )

4 Cao Van C. 63,32+ 2,24
5 |Ng Trung O. 19,56 + 1,79
6 |ThaiAnhT. )

7  |Nguyén ThijH. 32,99 + 2,80

Két qua phan tich 7 mau nwéc tiéu nghi ngd ngod
doc CP, phat hién 5 mau dwong tinh TCP va 2 mau
khong tim thay TCP.

4. BAN LUAN.

Viéc xac dinh dwgc TCP trong nwdc tidu co y
nghia quan trong trong giam dinh phap y; dac biét
v&i cac trwdng hgp nghi ngd déc chlorpyrifos ma
khéng c6 mau phi tang glri kém. TCP trong nwée
tiéu ton tai dwdi ca dang tw do va lién két nén viéc
thdy phan mau gitp phan cét lién két ctia TCP voi
acid glucoronic, xac dinh duwoc téng lwong TCP
trong mau. Mau nuwéc tiéu sau khi thdy phan cé
thé dwoc chiét Idng bang cac dung méi khac nhau
ho&c chiét bang céac loai cot chiét pha ran. EtOAc
dwoc lwa chon lam dung méi chiét trong quy trinh
phan tich do hiéu suét chiét cao, dich chiét mau
sach, it tap, tiét kiém thoi gian va chi phi.

Tap chi Y HOC QUAN SV, SO 360 (9-10/2022)

Séac ki khi khdi phd la mét phwong phap phan
tich hién dai, c6 d nhay va chinh xac cao, thwdng
dung trong phan tich doc chat. Két qua nghién ctru
da cho thay tinh phu hop cla hé théng séc ki khi
khéi phd tai thdi gian lwu va dién tich pic, véi thong
s6 RSD < 2%, phwong phap c¢6 tinh chon loc, do
dac hiéu cao, chirng t hé théng cé tinh phu hop
cao, dap &ng dwoc yéu cau phan tich TCP trong
nwoc tidu.

Qua nghién ctru nay, ching t6i cho réng can tiép
tuc nghién ctru xay dwng phwong phap xac dinh
CP va cac chat chuyén hoéa trong mau mau; xay
dwng phuong phap xac dinh chat chuyén héa cua
mot s6 thude trir sdu nhém phospho hiru co.

5. KET LUAN.

D& xdy dwng duwoc phwong phap xac dinh
3,5,6-trichloro-2-pyridinol trong nuwéc tiéu, lam co
s& dé ap dung trong giam dinh phap y. Phuwong
phap c6 d6 dac hiéu cao, bdo ddm do dung, do
chinh xac vé&i khodng tuyén tinh réng. Phuwong
phap da dwoc ap dung hiéu qua khi dinh lwong
TCP trong 7 mau nudc tiéu nghi ngd ngd doc CP.
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