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SUMMARY

METHOD DEVELOPMENT FOR ANALYSIS OF INORGANIC ELEMENTS
IN WASTEWATER FROM KETAMINE MANUFACTURE USING ICP-MS

During the synthesis of ketamine, some inorganic elements might be present in wastewater. The
determination of these elements provides useful information for investigation of illegal manufacturing
site of ketamine. In this study, an analytical method for simultaneous determination of 8 inorganic
elements namely Br, I, P, Mn, Al, Pd, Zn, Cu at trace level using inductively coupled plasma-mass
spectrometry (ICP-MS). Validation results revealed high repeatability, good recovery (82.2 to 101.6%),
good linearity (correlation coefficients of 0.996 — 1.000) within investigated range of 0.9 ppb to 55.5 ppb,
and high sensitivity with limit of quantitation (LOQ) of 0.2 ppb to 16.0 ppb for element.
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1. MO PAU

O Viét Nam, cung véi cac loai ma tuy tdng hop
khac nhu nhom ATS, Ketamin (KET) dugc cac
dbi twong lam dung tir kha 1au [7]. Ban dau,
ketamin dugc sir dung phd bién trong linh vuc y
té nhu mot chat gdy mé nhung sau dé nhiéu
qudc gia da xép KET vao nhom ma tiy tong hop
vi ngudi lam dung s& c6 4o gidc, mét tri nhd,
giam kha nang suy nghi, ton thwong hé tiét niéu.
Khi sir dung két hop KET véi ruou, bia va cac
thudc khac co thé dan dén tir vong. Tir khoang
nam 2007 tr¢ lai day, tinh hinh mua ban va san
Xuét bat hop phap KET tai Viét Nam ngay cang
di®n bién phtc tap. Cudi nim 2018 va nim
2019, lyc lugng chirc ning da bat giir mot s6 vu
san xudt quy mé 16n, thu hang tdn dung méi, hoa

chat, thiét bj tai kho dwogc giam dinh 1a céc hoa
chit thiét yéu dung dé san xuat ma tuy tong hop
[1]. DBé gop phan phat hién cac co sé san xuat
KET, cung véi cac bién phap an ninh nghiép vu
thi viéc xac dinh cac hoa chat tham gia vao qui
trinh tong hop KET bj rd ri ra moi trudng rat
quan trong. Bén canh viéc phan tich hoi dung
moi (occluded solvent) va cac chat don (cutting
agent) bang ky thuat sac ky thi k§ thuat pho kh6i
ngudn plasma cam tmg (ICP-MS) phat hién cac
chit v6 co tham gia qué trinh tong hop KET co
mat trong nudc thai tir co s& nghi ngd san xuét
s& cung cap thém co s& khoa hoc dé khang dinh
[3]. Tir 3 co ché téng hop KET phé bién trén thé
gi6i [4,6,8], chiing t6i nhan thay cac chat vé co
Br, I, P, Mn, Al, Pd, Zn, Cu thuong dong vai tro



Xc tac nam trong cac hop chit trung gian hoic
la tién chat cua qua trinh tong hop. Mot s6 chat
vo co ¢ vai tro rat quan trong can thiét trong
qua trinh tong hop va lam tang d¢ tinh khiét cia
KET nhu Br, Al. Bén canh d6, cac tai liéu cong
bé vé phan tich dong thoi sy c6 mit cua cac chat
vd co trong pham vi d6i twong nay gan nhu
khéng co. Vi vdy, tir cac co ché nay, phuong
phap phan tich cac nguyén té vo co Br, I, P, Mn,
Al, Pd, Zn, Cu bang ky thuat ICP-MS cho phép
phat hién dong thoi luong nho véi khoang dinh
lwong 16n cac nguyén t trén pha hop véi didu
kién thuc t& moi truong bién dong co thé ap
dung vao thuce té [2, 3].

2. PHUONG PHAP NGHIEN CUU

2.1. Héa chit, thiét bi nghién ciru

- Acid siéu tinh khiét HNO;3 69 - 70% (Merck,
buc).

Dung dich chuan hdn hop 1000 ppm céc nguyén
td Al, Cu, Zn, Mn (PerkinElmer, My). Dung
dich chuén don 1000 ppm nguyén t Pd, I, Br,
P (Merck, Ptic). Cac dung dich chuan nay duoc
pha loang bang HNO3 3% dén ndng do can thiét.
Nude deion 18,2 MQ.cm

- Méay khéi phé plasma cam tng, Bruker
810/820 MS-ICP Mass Spectrometers Thuy Si,
Trung tim Giam dinh Ma tdy, Vién Khoa hoc
Hinh su, Bo Cdng an; Binh khi Argon 99,999%.
- Khi Argon 99,999%.

2.2. Chuén bi cac miu nwéc

Cac mau nudc lam nén mau gia dugc thu thap
tai c6ng thai ra ho Thién Quang (Ha Noi), acid
hoa ngay bang dung dich HNO; dic t6i pH 2-3.
Bao quan trong ta lanh cho téi khi phan tich.
Cac mau duoc Ky higu nhu sau:

Dung dich pha mau To: tir dung dich gbc siéu
tinh khiét HNOs, pha loang thanh dung dich 3%
bang nudc deion.

e Dung dich chuén Co: tir dung dich chuén hdn
hop hoic chuan don Al, Cu, Zn, Mn, Pd, I, Br,
P 1000 ppm, pha lodng thanh dung dich 1 ppm
hoic 10 ppm bang dung dich To.

e Mau chuin C: dung dich To da thém luong
chuin Cop dé dat cac nong do can thiét.

e Mau nén N: miu nuée thai dugc acid hda bang
HNO:s.

e MAu thir T: mau N da thém lugng chuan Co dé
dat céc ndng do can thiét.
3. KET QUA VA THAO LUAN
3.1. Két qua khao st cac thong sb diéu kién
phwong phap phan tich caa thiét bi ICP-MS
Sau khi chuin hoa s6 khéi, tién hanh t6i vu hoa
cac diéu kién khac.
e Khio sdt toc d¢ dong khi plasma
Tién hanh dua cac dung dich chuén cua cac
nguyén té Br, I, P, Mn, Al, Pd, Zn, Cu ndng
d6 lan lugt 100 ppb vao thiét bi. Biéu chinh
toc do dong khi Argon tir 13,0 L/phuat dén
17,0 L/pht; cac thong sé nang lugng RF tir
1,0 kW dén 1,6 KW va do sdu mau 5,0 — 7,0
mm. Dya vao cuong do tin hiéu ciia hon hop
chuén dé lya chon tdc dd dong khi thich hop
nhét.
Diéu kién phan tich tbi wu trén thiét bi ICP-MS
duogc trinh bay ¢ bang 1.

Bang 1. Piéu kién phan tich trén ICP-MS

STT | Thong s6 GI?
tri
1 |Téc d6 dong khi plasma
’ 15,0
(L/pht)
2 |[Téc d6 dong khi phu tro 0
(L/pht) !

3 | Téc do dong khi mang (L/phat)| 0,2

4 |Toc d6 dong khi phun suong 10
(L/phat) ’
5 |Cdng suat nguon RF (kW) 15
6 |Po6 sau mau (mm) 5,5
7 | Thoi gian cho ldy mau (giay) 15
8 [So lan quét khoi (1an) 4
Mobi bién & mot| 220 +
truong | pha (V) 10 %
lam Nhiét @6 phong| 20 —
viéc (°C) 25
C.zic Cuf’sl Do am phong <15
9 diéu |may (%) ‘
kKién |Nuoc |Nhiétdo nguon| 16 —
khac |lam nudc vao (°C) 18
lanh Nh!ét d6 nguon <55
plasma |nudc ra (°C)
. o . | 80—
Ap suat khi Argon (psi) 82




3.2. Tham dinh dé phu hep cua hé théng
Phan tich Iap lai 6 1an mau chuan C hdn hop cac
nguyén t6 nong do 100 ppb. Viéc lya chon mic
nong do cac nguyén td nay la cao so véi nudc
thai sinh hoat hodc ngudn nuéc ty nhién nhung
dit trong dbi trong 1a nuéc thai tir céc co sé san
xuit KET thi chip nhan dugc. Ghi nhan cuong
do tin hiéu dap &ng trung binh cua thiét bi va
tinh gia tri RSD.
Bang 2. Két qua dé phit hop hé thong dinh
leong chdt vé co bang ICP-MS

. Cuwong
Nguyén RSD
TT ; do tin SD
to N %
hiéu TB
1 Al 61926,0 | 4105 | 0,7
2 Zn 5872,2 1128 | 1,9
3 Pd 4688,3 67,0 1,4
4 Cu 127989 | 147,7| 11
5 Mn 81008,7 | 8755 | 1,0
6 I 8610,2 1026 | 1,1
7 P 4065,2 28,6 0,7
8 Br 1039,4 7,5 0,7

Do léch chuan tuwong do6i (RSD %) cua céac
nguyén t6 déu khong vuot qua 5%. Do do6, do
phu hop cuia hé thong dat yéu cau theo hudng
dan caa Hiép hoi cac nha phan tich hoa hoc
chinh thirc (Association of Official Analytical
Chemists -AOAC).

3.3. Tham dinh d9 chon loc ciia phwong phap
phén tich

Phan tich cac mau To, mau chuan C, miu nén N
va mau thir T theo diéu kién da lua chon.

- Mau chuan C: dung dich To da thém lugng
chuan dé dat nong d6 100 ppb.

- MAu thir T: mau N da thém lugng chuan dé dat
nong d6 100 ppb.

Ghi nhan cuong d6 cua tin hiéu dap ung cua
thiét bi.
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Hinh 1. Phé do cac mdu tham dinh dé chon loc
Cua phwong phdp phdn tich

Trén phd dd Mass Scan & hinh 1, mau T 6 tin
hiéu dap ng cua cac nguyén té 1a nho nhat; mau
chuan C ¢4 tin hi¢u tang 1én & tat ca cac nguyén
t6 twong @ng voi lugng chuan hdn hop céc
nguyén té da thém vao.

Tuong tu mau nén N ghi nhan c6 tin hiéu & cac
nguyén t6 khao sat va mau thir T ¢ tin hi¢u ting
Vot tuong g Voi cac nguyén té duoc thém
lwong chuin so véi mau N. Phuong phép da co
su chon loc d6i véi cac dbi tugng phan tich.
3.4. Tham dinh khoang tuyén tinh

Phan tich ddy ndng do chuan hdn hop céc
nguyén t6 vai mau tring 1a To. Cac phuong trinh
hdi quy tuyén tinh dugc ghi nhan trong bang 3.



Tuy khoang tuyén tinh cta cac chat khac nhau kha
I6n nhung mdi chat ¢6 sy tuong quan tuyén tinh chat
ché gitra nong d6 va cuong do dap g tin hiéu (C/s).
Hé s6 tuong quan tuyén tinh R > 0,99 va gia trj do
chéch khong vt quéa 15% & cac ndng do thap, trung
binh Va cao. Nhu vy, phuong phapda dap ung dugc
yéu cau vé& duong chuan va khoang tuyén tinh theo
tiéu chuan cia AOAC 2016.

3.5. Gi¢i han phat hién (LOD) va giéi han
dinh lwgng (LOQ)

Chuén bi cac dung dich thir T ¢ ndng do thap,
T1 &n T7 lan luot 12 0,1 ppb; 0,2 ppb; 0,5 ppb;
1,0 ppb; 5,0 ppb, 25,0 ppb va 50,0 ppb phéan tich
l3p lai 10 lan theo diéu kién da lya chon. Pdng
thoi, chuan bi mau trang tir mau N. Ghi lai tin
hiéu dap (g cuia tiig nguyén to tai ting nong
d6 va tinh céc gia tri trung binh, SD tir cac dap
ing cua thiét bi; tinh LOD, LOQ théng qua gia
tri R dé ghi nhan cac gia tri pha hop va biéu thi
trong bang 4. Cac gia tri LOD, LOQ cua cac

nguyén t6 Al, Br, P cao hon nhiéu so véi Cu,
Mn, Pd, 1. Biéu nay cho phep phuong phap co
thé thyuc hién ddi voi nhitng mau thyc té c6 ham
luong dao dong kha 1on, kho kiém soat tir co so
san xuat KET thuec té.

3.6. Tham dinh d9 lap lai caa phuong phép
Phan tich 6 1an mau thir T ¢ 3 mirc nong do cua
céc chét chuan dwoc thém vao. Cac mirc ndng
d6 duoc lya chon phan tich nhu sau: I, Mn, Pd,
Cu phéan tich tai ndng d6 chat chuan thém vao
lan Iugt 12 5 ppb, 50 ppb, 250 ppb; Al, Zn, P, Br
phan tich tai ndng do lan luot 12 50 ppb, 250
ppb, 500 ppb.

Ghi nhan tin hiéu dap wng cua tirng nguyén té
& mdi muc ndng d6 phan tich va tinh RSD %
cua tin hiéu dap ing ¢ bang 5. B lap lai cua cac
nguyén t6 tai ting nong d6 khé tét cho thiy do
chinh xac ctia quy trinh phén tich ICP - MS
trong cung diéu kién thi nghiém va thiét bi hoat
dong 6n dinh.

Bang 3. Két qua khdo sdat phuong trinh héi qui tuyén tinh

Nguyén tb C1 C2 C3 C4 C5 C6 c7
Nong d@s (ppb) 1 5 10 25 50 100 250
Cu Phuong trinh hoi quy: y = 111,08x + 139,81 R =0,9999
Mn | Phuong trinh hoi quy: y = 714,3x + 951,73 R =0,9999
| Phuong trinh hoi quy: y = 92,14x - 54,691 R = 0,9999
Nong ds (ppb) | | 5 [ 10 | 25 | 50 | 100 | 250
Pd Phuong trinh hoi quy: y = 156,22x — 1403,2 R =0,996
Nongdo(ppb) | 10 [ 25 | 50 | 100 250 | 500 | 1000
Zn Phuong trinh hoi quy: y = 83,02x + 718,31 R=0,997
Nong do (ppb) | | 25 | 50 | 100 | 250 | 500 |
Al Phuong trinh hoi quy: y = 728,52x + 9890,2 R =0,996
Br Phuong trinh hoi quy: y = 9,4313x - 7,4545 R =0,9999
P Phuong trinh hoi quy: y = 26,051x + 34,656 R = 1,000
Bang 4. Két qua khao sat LOD, LOQ
Nguyén té Mn [ Cu | 1 | pd [ zn [ Br [ A P
Néng dé cdc lam phan tich
1 16 13 41 [ 154 | 135 32,1 66,5 81,4
2 16 13 48 | 152 14,7 29,5 65,9 82,0
3 1,7 15 51 | 159 15,0 27,6 62,0 88,6
4 15 14 47 | 163 13,0 25,4 67,5 86,5
5 16 13 49 | 153 12,0 31,8 62,8 78,8
6 1,7 14 46 | 151 12,1 27,3 61,9 77,6
7 16 13 4,3 16 12,6 31,1 62,7 77,9
8 15 13 42 | 162 12,5 28,4 66,8 73,9
9 16 1.2 42 | 165 13,6 28,1 66,3 77,7
10 15 13 46 | 161 13,7 26,4 60,5 69,8
TB 16 13 45 | 158 13,3 28,8 64,3 79,9
SD 01 0,1 0,3 0,5 1,0 2,3 2,5 5,6
LOD (ppb) 0,2 0,3 1,0 15 3,0 6,9 7,6 16,7
LOQ (ppb) 0,6 0,9 3,3 5,0 10,1 23 25,3 55,5
R (4 <R<10) 9,3 4,7 5,0 9,4 4,4 4,2 8,5 4,8




3.7. g ding ciia phwong phap

Chuén bi cAc mau thir cia cac nguyén to tuong
wng véi 3 mic n@)ng d06 nhu da chon khi lam d6
I3p lai, méi nong do lam 3 mau. Dong thoi,
chuan bi miu trang tir mau N. Tién hanh phan
tich theo diéu kién da lya chon. Tinh RSD% tin
hi¢u dap ng cua thiét bi va % chénh léch ndng

d6 do duoc so vé6i ndng dd chuin thém vao ban
dau da biét. Két qua biéu dién tai bang 5.

Ty 1¢ thu hoi trong khoang 80 - 110% véi mirc
nong d6 10 ppb - 500 ppb. Nhu véy, phuong
phap dap ung duoc yeu cau vé& do ding, do
chinh xac theo huéng dan cia AOAC 2016.

Bang 5. Két qua dé tinh Iap lai va d ding ciia phwong phdp

Nguyén to Thong sb Céc mirc nong do
5 ppb 50 ppb 250 ppb
Pd RSD tin hiéu dap ing (%) 12,1 2,2 14
D§ thu hoi (%) 96,0 96,5 100,1
Mn RSD tin hiéu dap ing (%) 2,4 0,7 11
Do thu hoi (%) 88,9 94,6 97,4
Cu RSD tin hiéu dap ing (%) 3,6 0,4 0,6
Do thu hoi (%) 89,7 96,9 98,5
[ RSD tin hiéu dap ung (%) 2,6 2,7 1,3
Do thu hoi (%) 82,2 83,3 85,1
50 ppb 250 ppb 500 ppb
Al RSD tin hiéu dap ing (%) 0,8 6,2 2,9
Do thu hdi (%) 101,6 81,7 97,2
Zn RSD tin hi¢u dap ung (%) 3,3 1,6 11
Do thu hoi (%) 101,6 98,3 92,6
P RSD tin hiéu dap ing (%) 3,4 2,0 2,5
Do thu hoi (%) 90,1 88,2 96,5
Br RSD tin hiéu dap ung (%) 1,9 1,8 2,0
Do thu hoi (%) 88,7 84,4 95,2

4. KET LUAN

Bing cac két qua nghién ciru thu dwoc da hoan
thién dugc quy trinh phan tich cac chat vo co
trong nuc thai co s& nghi ngo san xuat Ketamin
bang ky thuat phd khdi ngudn plasma cam wng
(ICP/MS). Phuong phap phan tich dugc tham
dinh chit ch& theo cac hudng dan cia AOAC
2016 vai cac két qua cho phép trong gigi han.
Quy trinh cho phép phat hién dong thoi 8
nguyén t6 voi LOD thap (nho nhét 0,2 ppb),
khoang dinh lugng rong (trung binh tir 25 dén
500 ppb) nén hoan toan c6 thé duoc ap dung va
trién khai trén cac mau thyc té phuc tap.
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