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wastewater with analysis conditions: plasma flow rate: 15.0 L/min, RF
source capacity: 1.5 kW, sample depth 5.5 mm. Simple sample
preparation using HNO; was used. The method was validated
according to AOAC 2016 guidelines. The selectivity and repeatability
was adequate, as well as for linearity within the investigated
concentrations of 1 - 250 ppb for Li, Ni; 5 - 250 ppb for B, Pd, Pt; 25 -
500 ppb for Al and 10 - 500 ppb for Zn. LOD ranged from 0.2 ppb to
7.6 ppb; LOQ from 0.8 ppb to 25.3 ppb. The recovery was 82.4 - 118.2
% with the concentration 10 ppb - 500 ppb; 87.3 - 109.3 % with the
concentration 1 ppb - 10 ppb.
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Nudac thai

Cac nguyén to vO co la nhitng chat can thi€t trong qua trinh tong hop
methamphetamin va c6 thé bi ro ri ra mdi truong ngoai. Viéc dinh
lwong cac chét nay trong nudc thai cung cip thém thong tin htru hiéu
cho co quan diéu tra dé phat hién cic co so san xudt trai phép
methamphetamin. Trong nghién cttu nay, phuong phap ICP-MS dugc
xay dung dé dinh lugng 7 ion v6 co (Li, B, Al, Ni, Zn, Pd, Pt) trong
nudc thai véi cac didu kién phan tich: tbc do dong khi plasma 15,0
L/phut, cong suit nguén RF 1,5 kW, do sdu mau 5,5 mm. Quy trinh xur
1y mau don gian chi baing HNO;. Phuong phap di dugc tham dinh theo
AOAC 2016 ¢6 do chon loc va do chinh xac kha cao, co thé ap dung
vao thyc té. Khoang tuyén tinh dé dinh lugng 1a 1 - 250 ppb véi Li, Ni;
5 - 250 ppb véi B, Pd, Pt; 25 - 500 ppb véi Al val0 - 500 ppb voi Zn.
LOD tir 0,2 ppb dén 7.6 ppb; LOQ tir 0,8 ppb dén 25,3 ppb. Ty 1¢ thu
hoi dat 82,4 - 118,2 % v6i mirc ndng d6 10 ppb - 500 ppb, 87,3 - 109,3
% v&i mire ndng d6 1 ppb - 10 ppb.

DOI: https://doi.org/10.34238/tnu-jst.7135

" Corresponding author. Email: hatn@hup.edu.vn

http://jst.tnu.edu.vn

159 Email: jst@tnu.edu.vn


https://dictionary.cambridge.org/dictionary/english-vietnamese/of
https://dictionary.cambridge.org/dictionary/english-vietnamese/in
https://dictionary.cambridge.org/dictionary/english-vietnamese/wastewater
https://dictionary.cambridge.org/dictionary/english-vietnamese/from
https://dictionary.cambridge.org/dictionary/english-vietnamese/synthesis
https://dictionary.cambridge.org/dictionary/english-vietnamese/ms
https://doi.org/10.34238/tnu-jst.7135

TNU Journal of Science and Technology 228(02): 159 - 165

1. Gi6i thiéu

Tai khu vuc chiau A - Thai Binh Duong, Methamphetamin (MET) duoc san xuét va tiéu thu
nhiéu nhat trong nhom ma tiy. Tai Viét Nam ciing c6 sy gia ting dang ké cac vu budn lau v san
xuat ma tiy dang MET va Methylenedioxyl Methamphetamine (MDMA) [1]. Do vy, viéc phat
hién sém cac co sé san xuat ma tay la viéc lam can thiét, nharn ngan chin cac chat nay dugc dua
vao luu thong trong xa hoi. Cac dau hidu cta co s& san xudt ma tiy co thé dugc phat hién tir du
luong nguyén lidu, chat thai ctia qua trinh san xuat thai ra méi truong xung quanh. Di liéu tir
nudc thai ciia qua trinh 13 mot trong nhimg yéu td quan trong dé chi diém, diéu tra, thu thap bang
chung, di dén két luan mot co s co san xuat MET va MDMA hay khong. Cac hoa chit tir nudc
thai phuc vu cho cong tac diéu tra co thé 1a chinh cdc ma tuy, cac tién chat thiét yéu cho san xuat
ma tuy, cac chat don s dung trong san xuat, ciing nhu cac dung méi hitu co va cac chat vo co.
Chat v6 co tham gia tong hop nguyén liéu san xuat va san phidm ma tay voi vai tro 13 chat khir
hodc xtic tac nén lugng thuong nho, do vay can c6 phuong phéap phan tich co gidi han phat hién
thap. Ky thuat phé khdi ngudn cam ung plasma (ICP - MS) ra doi cach day khong lau nhung da
phat trién nhanh chong vi ¢6 uu diém gioi han phat hién rat thap, tc do nhanh va chinh xac [2].
Trong thuc té, ICP - MS thuong dugc st dung dé phan tich da luong, vét, cac nguyén tb trong
mau mdi trudng nhu nude, bun, tram tich... [3]-[5]. Trong qua trinh tdng hop MET va MDMA, 7
tap chat v co Li, B, Al, Ni, Zn, Pd, Pt dong vai tro xuc tac kim loai, chat khtr hogc chat phu gia
dugc dac biét chu y [6]. Do vay, ching t6i dat van dé xdy dung va thim dinh phuong phap phan
tich cac chat vo co trong nudc thai bang ICP - MS nham cung cdp thém mét cong cu cho cic co
quan quan 1y trong cong tac phong chéng toi pham ma tuy.

2. Phwong phap nghién ciru
2.1. Déi twong nghién ciru

- béi tuong nghién ctu: Cac nguyén t6 vo co (Li, B, Al, Ni, Zn, Pd, Pt) trong nudc thai.
- B6i tuong phén tich:

+ MAu nén: cac mau nudc thai tai miéng duong 6ng d6 vao ao, hd khu dan cu.

+ MAu trang: Nudc deion 18,2 MQ.cm

2.2. Hod chit, chit chudn, thiét b

- May khéi phd plasma cam tng, Bruker 810/820 MS-ICP Mass Spectrometers Thuy Si,
Trung tam Giam dinh Ma tlty, Vién Khoa hoc Hinh sy, B Cong an; Binh khi Argon 99,999%.

- Acid siéu tinh khiét HNO; 69 - 70% (Merck, Dirc).

- Dung dich chudn 1000 ppm nguyén té Pd (Merck, Buc) sé lot: HC61206239.

- Dung dich chudn 1000 ppm nguyén t6 Pt (Merck, Dirc) s6 lot: HC60096041.

- Céc dung dich chuan cua cac nguyén tb trong HNO; tinh khiét 3%.

- Dung dich chuin hén hgp 1000 ppm cic nguyén t6 Li, B, Al, Ni, Zn (PerkinElmer, M¥) sb
lot: 2-014SGY1.

- Nudc deion 18,2 MQ.cm.

2.3. Phwong phap nghién ciru
2.3.1. Phuong phdp ldy mdu

- Nudc thai dugc hing bfmg chai nhya sach, thém HNO; dic dé dat pH=2 (TCVN
6665:2011), dudi hét khong khi, bao quan & 4°C. Mau duoc bio quin trong khoang 1 thang. Khi
sir dung, nude thai phai dugc loc qua dau loc 0,45 pm.

- Mau nén: nuéc tai miéng ong thai d6 vao hd Thién Quang (Ha Nbi).

- Chuan bi cac dung dich dé tham dinh phwong phap

+ Dung dich pha miu Ty: tir dung dich gbc siéu tinh khiét HNOj, pha lodng thanh dung dich
3% bang nudc deion.
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+ Dung dich chuan Cy: tir dung dich gbc hon hop 7 nguyén t6 1000 ppm, pha lodng thanh
dung dich 1 ppm hodc 10 ppm bang dung dich pha mau To.

- Mau chuan C: dung dich Ty da thém luong chuan C, dé dat cac nong d6 can thiét.

- MAu nén N: mau nudc thai duoc acid hoa bang HNO; siéu tinh khiét.

- Mau thir T: mau N da thém luong chuén C, dé dat cac néng do can thiét.

2.3.2. Phuong phap phan tich

- Khao sat cac diéu kién ciia phuong phap ICP - MS: khao sat tbc do dong khi plasma (dong
Argon tir 13 L/phut dén 17 L/phit); cong suat nguon RF tir 1,1 kW dén 1,6 kW va d6 sdu miu tir
5 mm dén 7 mm. Cac ddng vi chit phén tich duoc lira chon la Li7,B 11, Al 27,Ni 60, Zn 66, Pd
105, Pt 195.

- Tham dinh phuong phap: theo huéng din ciia AOAC 2016 véi cac tidu chi: 6 phu hop hé
thdng, d6 dic hiéu, d6 tuyén tinh, do 1ap lai, 46 ding.

3. Két qua va ban ludn
3.1. Két qud khdo sdt cdc thong sé cia thiét bi ICP-MS
3.1.1. Chudn héa sé khoi - Tunning mdy

Vi mdi ddng vi c6 mot s6 khdi nhét dinh nén tién hanh chuan hoa sé khéi ciia 7 nguyén t6 can
phan tich. Ttr dung dich chuan géc 10 ppm cua cac nguyén to Ni, Pb, pha lodng dén nong d6 10
ppb dé chuan hoa.

3.1.2. Khao sdt toc dg dong khi plasma

- Tién hanh tiém vao may hon hop chuin 7 nguyén td Li, B, Al, Ni, Zn, Pd, Pt, néng do mdi
nguyén té twong tmg 1a 100 ppb

- Téc do dong khi Argon tir 13,0 L/phut dén 17,0 L/phit

- Nang luong RF tr 1,0 kW dén 1,6 kW va d6 sau mau 5,0 — 7,0 mm.

- Dya vao cudng do tin hiéu ciia hdn hop chuan dé lya chon tdc do dong khi thich hop nht.

- Bang 1 trinh bay diéu kién phén tich t6i uu trén thiét bi ICP-MS sau khi duoc khao sat.

Bang 1. Diéu kién phan tich ton chat vé co bang ICP-MS

STT Théng s6 Gia tri dwogc chon
1 Téc do dong khi plasma (L/phut) 15,0
2 Téc dd dong khi phu tro (L/phiit) 2,0
3 Téc do dong khi mang (L/phit) 0,2
4 Téc do dong khi phun swong (L/phit) 1,0
5  Cong suit nguon RF (kW) 1,5
6 Do sau mau (mm) 55
7 Thoi gian cho lay mau (giay) 15
8  S6 lan quét khéi (1an) 4
L . Dién dp mot pha (V) 220+ 10 %
Moi trudng lam -\ it 46 hong (°C) 2025
Cac didy VieCCuamay = 0
9 Kien D6 am phong‘ (%) <45
Khéc Nuéc lam lanh  Nhiét d6 nguon nude vao (°C) 16 -18
plasma Nhiét d6 ngudn nuéc ra (°C) <55
Ap suit khi Argon (psi) 80 -82
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3.2. Thdm dinh phwong phdp phin tich
3.2.1. Bé phii hop ciia hé thong

D¢ xac dinh d6 phu hop hé thong, tiém 1ap lai 6 1an lién tiép mau chudn C chira cac nguyén o
c6 nong d6 100 ppb, ghi lai cuéyng dd tin hiéu dap ung cua thiét bi.
Béng 2 trinh bay két qua tham dinh d6 phu hop cta hé thong ICP-MS khi dinh lugng.

Bang 2. D6 phit hop hé thong dinh lwong ton chdt vé co bang ICP-MS

~Nguyén to Cwong do tin hiéu (c/s)
Két qua Li7 B 11 Al 27 Ni 60 Zn 66 Pd 105 Pt 195
B 35073,3 19696,6  61926,0 8552,4 5872,2 4688,3 9753,3
SD 486,7 158,7 410,5 101,2 112,8 67,0 70,8
RSD % 1,4 0,8 0,7 1,2 1,9 1,4 0,7

Két qua do léch chuén, tuong ddi (RSD %) cua cac nguyén t6 déu khong vuot qua 5%. Nhu
vay, d0 phu hgp cua hé thong dat yéu cau theo hudng dan cia AOAC.

3.2.2. DBo chon loc

~]—)cf) ‘ch()n loc c1~’1a phuong phéap giuqc xac dinh b?mg cach phan tich cép mau TNO' mau chuan C,
mau nén N va mau thr T theo diéu kién da lya chon. Hinh 1 1a pho d6 cac mau tham dinh do
chon loc cua phuong phap. . i . .

*  Mau chuan C dugc chuan bi bang cach thém lugng chuén vao dung dich T, d€ dat nong do
100 ppb.
«  Mau thir T dugc chuin bi bang cach thém lwong chuin mau N dé dat ndng d6 100 ppb.
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Trén phd dd Mass Scan, mau T c6 tin hidu dap tng cta cc nguyén t6 12 nho nhat; miu chuin
C c6 tin hiéu tang 1&€n & tét ca cac nguyén t tuong Ung voi luong chuén hdn hop cac nguyén tb
da thém vao. Tuong tuy mau nén N ghi nhan ¢6 tin hiéu ¢ cac nguyén t6 khao sat va mau thir T co
tin hiéu ting vot twong tmg vdi cac nguyén té dugc thém luong chuan so véi miu N.

3.2.3. Khodng tuyén tinh

Chuén bj day chuén néng dd 1 - 250 ppb véi Li, Ni; néng do6 5 - 250 ppb voi B, Pd, Pt; néng
do 25 - 500 ppb véi Al, 10 - 500 ppb v6i Zn voi mau tréng 1a To. Bang 3 c6 két qua cac phuong
trinh hoi quy gitra ty 1¢ tin hiéu dap g voi nong do, h¢ s6 twong quan R.

Céc két qua cho thay c6 sy tuong quan tuyén tinh chat ch& giita ndng do va ty 1& dién tich pic
chuan ngoai véi chuan noi, h¢ s6 twong quan thoa man R > 0,99 va gia tr1 d6 chéch khong vuot
qua 15% ¢ cac nong do thap, trung binh va cao. Nhu véy, phuong phap da dap tmg duoc yéu ciu
vé duong chudn va khoang tuyén tinh theo tiéu chudn cia AOAC 2016.

Bang 3. Két qua khao sat khoang tuyén tinh va LOD, LOQ

Nguyén Nong d (ppb) LOD LOQ
to 1 5 10 25 50 100 250  (ppb)  (ppb)
Li Phuong trinh hoi quy: y = 420,25x — 871,92 R*=0,9911 0,6 1,9
Ni Phuwong trinh héi quy: y = 132,72x - 191,87  R*=0,9915 0,2 0,8

5 10 25 50 100 250
B Phwong trinh hoi quy: y = 259,78x— 901,8 R®=0,9904 0,7 2,2
Pd Phuwong trinh hdi quy: y = 156,22x — 1403,2 R?=0,9951 15 5,1
Pt Phuwong trinh hoi quy: y = 149,26x — 425,34 R?=0,9902 0,7 2,3
25 50 100 250 500
Al Phuwong trinh héi quy: y = 728,52x + 9890,2  R”=0,9951 7,6 25,3
10 25 50 100 250 500
Zn Phuwong trinh héi quy: y = 83,02x + 718,31 R?=0,9931 3,0 10,1

3.2.4. Gioi han phat hién (LOD) va gioi han dinh luwong (LOQ)

Dé x4c dinh LOD, LOQ, chuén bi cac dung dich thur tr Ty dén Ty lan luot 14 0,1 ppb; 0,2 ppb;
0,5 ppb; 1,0 ppb; 5,0 ppb, 25 ppb va 50 ppb. Chay mdi mau 10 I4n trong diéu kién da Iya chon.
Song song chuan bi miu tring, tinh cac gi4 tri SD, LOD, LOQ, R. Gia tri LOD thap nhét thudc
vé 2 nguyén t6 Ni va Li. LOD 16n nhat 14 Al. Thuc té miu nén cho tin hiéu Al cao nhat nhung gia
tri LOD va LOQ cua phuong phap con lién quan dén chon dong vi ctia nguyén t6 phan tich.

Gia tri LOD va LOQ cua cac chat can phan tich dugc ghi trong bang 3 twong ddi thap, phu
hop véi muc dich phén tich lugng vét trong méi truong.

3.2.5. D¢ lp lai

Dé tham dinh do 1ap lai cua phuong phap, tlen hanh phén tich 6 1an mau thir & 3 muc ndng do
thém chuan (dlem dau, diém gilia va diém cudi ctia khoang tuyén tinh). Veéi Li, B, Ni, Pd, Pt,
nong do chét chuan thém vao lan lugt 1a 5 ppb, 50 ppb, 250 ppb; Al, Zn, ndng do chit chuan
thém vao 1an luot 1a 50 ppb, 250 ppb, 500 ppb.

Béng 4 cho thdy RSD(%) cua tin hiéu dap (mg ¢ tirng nong do tir 1 - 4%, chimg t6 phwong
phap c6 do lap lai tot, dat yéu cau cia AOAC.

3.2.6. B¢ dung

Chuén bj cic mAu thir ciia cac nguyén t tuong Gng véi 3 mirc ndng do nhu di chon khi lam
do lap lai, moi n(‘A)ng do lam 3 mau; mau tre"lng tr mau N. Tién hanh phan tich theo diéu kién da
lwa chon. Tinh % tim lai ndng d6 chudn thém vao ban dau. Bang 4 trinh bay két qua ciia 7 nguyén
t6 can phan tich.
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Bang 4. Két qua do ldp lai va d diing ciia phirong phdp

Nguyén tb Céc mirc nong do
phén tich 5 ppb 50 ppb 250 ppb
Li RSD(%) tin hi¢u dap ung 15 1,6 1,0
% néng do6 tim lai 87,3 108,2 112,7
B RSD(%) tin hi¢u dap ung 6,9 2,3 3,2
% n6ng do tim lai 109,3 111,0 101,4
Ni RSD(%) tin hi¢u dap ung 3,6 0,5 2,8
% ndng do tim lai 109,2 81,1 93,4
Pd RSD(%) tin hi¢u dap ung 12,1 2,2 14
% ndng do tim lai 96,0 96,5 100,1
Pt RSD(%) tin hiéu dap ung 1,4 0,6 1,5
% ndng do tim lai 107,7 82,4 99,3
50 ppb 250 ppb 500 ppb
Al RSD(%) tin hiéu dap Gng 0,8 6,2 2,9
% ndng do tim lai 101,6 81,7 97,2
Zn RSD(%) tin hiéu dap Gng 33 1,6 1,1
% nong do tim lai 101,6 98,28 92,56

Ty 18 thu hoi dat 82,4 - 108,2% voi mirc ndng d6 10 ppb - 500 ppb, 87,3 - 109,3% v6i mitc
ndéng do 1 ppb - 10 ppb, do vay phuong phap dat yéu cau vé do dung theo AOAC.

Béy nguyén t6 vo co cin phan tich trong dé tai ciing 13 cac nguyén to c6 mat kha thuong xuyén
trong nude thai. Vai trd cta cac chit vo co nay trong quy trinh san xuit MET va MDMA di duoc
khang dinh nén can thiét phai phan tich chung trong nudc thai khu vuce nghi ngd phuc vu muyc tiéu
an ninh. Pé tai da lwa chon 14y mau tir cng thoat ra hd Thién Quang lam miu nén vi day 13 nudc
thai sinh hoat nén ham luong cac chat vo co twong ddi it so v6i nude thai cong nghiép.

Do tinh chat dic thu cia dé tai nén cac nghién ciru cong b trude day vé phan tich dong thoi 7
chat vo co bang phuong phap ICP-MS trén nudc thai khong cong bd. Céc tac gia da hudng dén
xé4c dinh ham luong cac chit vo co tich lily trong dong thuc vat chi diém chat lugng méi truong
hodc an toan thuc pham [7], [8]. Do dd, cung phuong phap phén tich nhung khoang gia tri do
khac nhau rat 16n. Déi voi dé tai nay, ham lugng chat v co trong nudc thai tir co s¢ san xut
MET va MDMA s& cao hon nhiéu 14n so v&i nude thai sinh hoat hodc nuée tu nhién nén viéc xt
ly 1am giau mAu I khong can thiét.

Do khéng ¢6 miu nén hoan toan khong chira cac chit can phan tich nén ph6 do trong tham
dinh do phu hop hé thdng, do dic hiéu xuét hién tin hiéu dap Gmg cta thiét bi d6i v6i vai nguyén
t6 kha 16n, dic biét 1a Al. Phuong phap phén tich dugc xay dung va tmg dung tai Trung tim giam
dinh ma tuy, Vién khoa hoc hinh sy, do d6 c¢6 tinh kha thi Gtng dung cao. Tuy nhién, do diéu kién
cht quan, phuy thudc co quan diéu tra thu giit miu nudc thai tir co s san xut hodc nghi ngo san
xudt MET va MDMA, chua c6 miu thuc té nén chua thé tng dung phuong phéap da xay dung.

4. Két luan

Nghién cuu da xay dung dugc quy trinh phan tich 7 nguyén td Li, B, Al, Ni, Zn, Pd, Pt trong
nude thai bang ICP-MS véi quy trinh xir Iy miu don gian. Pdng thoi di khao sat cac didu kién
phan tich nhu tim tbe do dong khi plasma 15,0 L/phit, cong sut nguén RF 1,5 kW, d6 sdu mau
5,5 mm va cac thong sb, diéu kién khac ciing dugc khao sat va lya chon tdi uu. Phuong phép
dugc tham dinh theo AOAC 2016, voi cac tiéu chi nhur dd phu hop hé théng (RSD < 2%), do
chon loc, khoang tuyén tinh (R > 0,99), LOD (0,2 - 7,6 ppb) va LOQ (0,8 - 25,3 ppb), do lap lai
va d6 dung (Ty 1¢ thu hoi dat 82,4 - 108,2% véi mirc néng d6 10 ppb - 500 ppb, 87,3 - 109,3%
v6i muc nong do 1 ppb - 10 ppb) déu dat yéu cau. Viéc xac dinh nong d6 du lugng cua
methamphetamin, cc tién chét cling nhu chit don sir dung trong san xuit methamphetamin, 1a
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ngudn théng tin hitu ich cho cong tac diéu tra cta co quan chic ning trong qua trinh truy quét
cac co so san xuat methamphetamin trai phép.

Loi cam on

Nghién ciru nay 1a san pham cia d¢ tai Khoa hoc cong nghé "Nghién ctru, xay dung quy trinh
phan tich hoa chit trong nuéc tha1 gop phin truy nguyén co s& san Xudt trai phép
methamphetamine va MDMA", mi s6 CTMT.2021.C09.25.
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