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Tom tit

Phuong phap quang phd plasma ngudn cam mg cao tan két ndi khdi phd (ICP-MS)
duoc ap dung dé xac dinh ham lugng cac kim loai ndng (Pb, Cd, As, Hg) trong cac mau thuc
phém va thirc an chan nudi tai Vién Kiém nghiém an toan v¢ sinh thuc phém quéc gia do co
d6 chinh x4c cao va dap ing nhanh vé thoi gian. Mau thir dugc phan huy trong 10 vi song st
dung hdn hop acid nitric va hydro peroxyd, cing véi chat ndi chuan yttrium duge thém vao
ngay tir ddu nham kiém soat qu4 trinh phan tich. Hiéu ning cua phuong phap duoc dénh gia
dap ng yéu cau ciia AOAC véi d6 dic hiéu tot, duong chudn lam viée cac nguyén td trong
khoang tir 0,4 dén 20 pg/L, d6 léch chuan twong ddi lap lai RSD; < 3,55% va d6 thu hoi
(R%) dao dong tir 92,2 dén 103,1%. Phuong phap duoc khang dinh hiéu ning bang cach
tham gia cac chuong trinh thir nghiém thanh thao qudc té cho két qua dat tat ca cac chuong
trinh tham gia trong ndm 2021 va 2022 véi gié tri |z — score| < 2. Két qua la co so dé khing
dinh ning lyc ctia phong thi nghiém trong viéc tudn thii va dap ting cac yéu cau vé dam bao
gié tri sir dung ctia phuong phép theo yéu cau ciia ISO/IEC 17025, dang tin cay dbi voi khach
hang va co quan chirc ning.

Tir khoa: Chi, cadimi, arsenic, thuy ngan, ICP- MS, hiéu nang phwong phdp

1. PAT VAN DE

O nhiém kim loai ning trong thic pham va thirc dn chin nudi 13 mot trong nhitng mbi
nguy vé an toan thuc pham duoc nguoi tiéu dung va co quan quan 1y quan tdm kiém soat
nham han ché cac nguy co anh hudng téi sitc khoe con ngudi. C6 nhiéu ki thuat dugc s
dung tai cic phong thi nghiém trén thé gidi nhu AAS, ICP-OES, ICP-MS... dé danh gia 6
nhiém kim loai ning trong thuc phdm va thtc in chin nudi [1-5]. Trong d6, phuong phap
phan tich bang ICP-MS c¢6 nhiéu wu diém vuot trdi nhu do nhay tét, d6 dic hiéu cao, thoi
gian phan tich nhanh, c6 thé phén tich dong thoi, qué trinh xtr Iy mau don gian nén 1a lya
chon tét dbi v&i phong thi nghiém c6 du diéu kién va ngudn lyc.
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Véi vai tro 1a don vi dau nganh vé kiém nghiém thyc phdm va cic san pham trong
chudi thuc phém, Vién Kiém nghiém an toan vé sinh thuc phém quéc gia da su dung nhiéu
phuong phéap phan tich khac nhau dé phén tich kim loai ning trong thuc pham va thirc an
chan nudi, tuy nhién phwong phap phan tich biang ICP-MS két hop xur 1i mau bang 16 vi song
l1a phuong phap dugc uu tién lya chon nham xac dinh cac kim loai nang trong mot pham vi
do rong, ké ca & mirc ham luong vét va siéu vét.

Dé danh gia hiéu niang cta phuong phap lia chon, phong thi nghiém cta Vién Kiém
nghiém an toan vé sinh thuc phdm quéc gia d tham gia nhiéu chuong trinh thr nghiém
thanh thao trong nudc va qudc té nham danh gia tay nghé cua kiém nghiém vién, khang dinh
d6 chinh xac, tin ciy ctia phuwong phép thir. Két qua tham gia cac chuwong trinh thir nghiém
thanh thao 1a co s dé danh gia va duy tri ning lyc ctia phong thi nghiém, tao long tin dbi
v6i t6 chitc cong nhan, co quan quan 1y nha nudc va khach hang.

2. PHUONG PHAP NGHIEN CUU

2.1. Thiét bi va dung cu

Thiét bi phd khdi plasma cao tan cam tng (ICP-MS) dugc cung cap boi hing
PerkinElmer (model NexION 2000), thiét bi 1o vi song pha mau Ethos up ciia hing
Milestone, bé rung siéu am S100H (Elma); can phan tich (c6 do chinh xac 0,1 mg) XS105
(Metter Toledo), khi Ar tinh khiét (99,999%), khi Heli tinh khiét (99,999%) (Messer). Ngoai
ra, cac thiét bi, dung cu thong thuong khac trong phong thi nghiém ciing duoc st dung.
2.2. Héa chat

Céc chat chuan don nguyén td chi, cadimi, arsen, thily ngan, ndi chuan ytrium, dung
dich chuan vang (Au) c6 nong d6 1000 mg/L déu c6 ngudn gdc tir hing Merck. Cac dung
moi, hoa chit khac gdm HNO; 65%; methanol (MeOH); hydro peroxid (H202) 30% ciing c6
ngudn gdc tir Merck (Ptic). Nude sir dung 1a nude deion c6 do dan dién 18 MQ/cm (MiliQ).
2.3. Phuong phap phéan tich
2.3.1. Xur Iy mau

Can chinh xac khoang 0,3-0,4 g mau vao cac binh phan hily duoc lam bang Teflon cia
16 vi song. Thém lan luot 1 mL nude deion; 0,5 mL chit ndi chuan Ytrium 2 ppm; 0,5 mL
dung dich vang c¢6 nong d6 10 mg/L, 7 mL HNO3 65% va 1 mL H202 30%. P4y nép binh
phan tng va dua vao 16 vi song da cai dat chuong trinh theo Bang 1. Sau khi két thuc quéa
trinh phan huy, mau dugc lam ngudi dén nhiét do it nhat 40 °C, chuyén sang binh dinh muc
50 mL, thém 0,5 mL MeOH va dinh mirc bang nuée deion dén vach. Dung dich méu thir sau
d6 dugc loc qua mang loc 0,45 pm va phan tich trén thiét bj ICP-MS.

Bing 1. Churong trinh phéan hity mau bang 16 vi séng

Giai doan Thoi gian (phut) Nhiét dj (°C)
1 25 25-200
2 15 200
3 (Lam mat) 20 200 — 40
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2.3.2. Diéu kién phan tich trén thiét bi ICP-MS

Trude khi tién hanh phan tich, thuc hién téi vu thiét bj bang dung dich tunning cta
hang (PerkinElmer, USA cung cip). Sau khi t6i uu xong thu duoc cac diéu kién van hanh
duoc trinh bay trong Bang 2.

Bing 2. Cdc théng sé cai ddt thiét bi ICP-MS NexION 2000

Néi dung Théng so
Thiét bi ICP-MS PERKIN ELMER NEXION 2000
Cong suit cao tan RF 1500 W
Luu luong khi ar plasma 15 mL/phut
Luu lugng dong khi ar phu trg 1,2 mL/phut
Luu lugng dong khi nebulize 1,0 mL/phut
Téc d6 hut mau 250 pL/phit
Thoit gian phan tich 100-500 ms
S6 lan quét lip lai mot mau 3 lan
Ché do phan tich KED (do va cham dong hoc)
Céc dong vi nguyén tb phan tich 208pp, 11Cd, 7 As, 2%?Hg

2.3.3. Xay dung dwong chudn

Céc chuén trung gian hdn hop 4 nguyén t6 (Pb, Cd, As, Hg) c6 nong do 100 pg/L va
5 mg/L dugc chuan bi tir dung dich chuan gbc don cac nguyén té ¢ nong do 1000 mg/L.

Céac dung dich chuan 1am viéc c6 ndng do 1an luot 1a: 0; 0,4; 1; 2; 4; 10; 20 (ug/L)
dugc chuan bi bang cach pha lodng thich hop cac chuan trung gian trén trong dung dich
HNO3 2%. Céc chuan lam viéc déu dugc thém 0,5 mL chat ndi chuan Ytrium 2 mg/L, 0,5
mL dung dich Au 20 mg/L va 0,5 mL MeOH trude khi dinh mirc dén vach.

Trong phuong phap ICP-MS, tin hiéu phép do 1a s dém/giay - CPS. Puong chuan
duoc xay dung biéu dién sy phu thudc tuyén tinh gitta ty 16 sé dém cta mdi chat phan
tich/chat ndi chuan vao nong d6 chét phan tich trong dung dich chuan twong tng. Viéc sir
dung ndi chudn gitp chuan hoéa dir liéu pho khdi, diéu nay gitp loai bo cac yéu té khong
mong mudn nhu do 1éch gitra cac mau, su bién dong trong do nhay cua thiét bj do va su thay
dbi trong diéu kién thi nghiém. Ngoai ra, viéc str dung ndi chuan gitip ting do chinh xac va
do tin cy cua két qua phan tich trén khdi pho.

2.4. Xac dinh hi€éu nang cia phwong phap

Hi¢u nang cua phuong phap dugc xac dinh thong qua tham gia cac chuong trinh thir
nghiém thanh thao. Mau thir nghiém bao gém: gao, thirc an chan nudi, mat ong, rong bién,
bot ca duoc cung cp boi cac td chirc thir nghiém thanh thao cta Fapas (Proficiency testing
from Fera Science Ltd.) — Anh va DMSc (Department of Medical Sciences) — Thai Lan.
2.4.1. Danh gia do lap lai, do tai ldp va do thu hoi

Két qua danh gia theo quy dinh cia AOAC (2016) trong khoang nong do tir 0,1-1,0
mg/kg cho phép d6 1ap lai RSD: < 15%, d6 tai 1ap RSDr < 22%, hiéu suét thu h6i% R (80-
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110%); trong khoang ndng d6 10-100 mg/kg cho phép RSD: < 5,3%, do tai 1ap RSDr < 8%,
hiéu suét thu h6i% R (90-107%); trong khoang ndng do tir 1-10 mg/kg cho phép d6 lap lai
RSD:; < 7,3%, d0 tai 1ap RSDR < 11%, hiéu suat thu hi% R (80-110%) va trong khoang ndng
d6 10-100 mg/kg cho phép RSD; < 5,3%, do tai 1ap RSDr < 8%, hiéu suat thu hdi% R (90-
107%).
2.4.2. Danh gid théng qua két qua tham gia thir nghiém thanh thao

Két qua tham gia thtr nghiém thanh thao duoc danh gia dat yéu cau khi gia tri
|z — score|<2.

3. KET QUA VA BAN LUAN

3.1. Puong chuin
Duong chuén duoc cac kim loai (Pb, Cd, As, Hg) dung tu dong theo phén mém cua
thiét bi. Két qua duong chuén noi chuan xac dinh Pb, Cd, As, Hg dugc trinh bay ¢ Hinh 1.
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Hinh 1. Puong chudn ndi chuan xdc dinh Pb, Cd, As, Hg

Két qua cho thiy trong khoang ndng d6 tir 0,4 — 20 pg/L, dudng chuan cia tit ca cac
nguyén t6 kim loai (Pb, Cd, As, Hg) déu c6 hé sb tuong quan tuyén tinh R? > 0,999. Khoang
lam viéc ctia dudng chuan dap tng duoc hau hét ndng d6 cac chat phan tich trong mau thir
nghiém thanh thao. Pudng chuin dugc chuan bi méi hing ngay trude khi phan tich.

3.2. Xac dinh hiéu nang cia phwong phap
3.2.1. Két qua danh gia dé ldp lai, @6 tdi ldp va do thu hoi

Do lap lai thuc hién bang cach phan tich mbi mau lap lai 4 1an, két qua thu dugc do
1éch chuan tuong d6i lap lai RSD; (%) trong khoang 0,32 — 3,55%.

Do tai 1ap cua phuong phap duoc danh gia bang cach phén tich cac mau thir nghiém
thanh thao, mbi mAu phan tich thém 4 1an trong trong hai ngay khac nhau. Két qua phan tich,
d6 léch chuan tuong ddi tai 1ap RSDR (%) v6i mau lién phong nam trong khoang 0,62 —
5,11%.
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Do thu hdi cuia phwong phap duoc danh gia bang cach thém chuin vao miu thir nghiém
thanh thao, & hai mérc ndng d6 1 mg/kg va 10 mg/kg. Cac két qua phén tich cho thiy, d6 thu
hoi trung binh cta cac nguyén td ndm trong khoang 92,2 — 103,1%.

Két qua danh gia do lap lai, do tai 1ap va do thu hdi dugc thé hién ¢ trong Bang 3.

Bing 3. Két qua dg lap lai, do tdi lap lai va do thu hoi

Nén méu Chitiéu P lip lai RSD, (%) Dé tdi lip RSDr (%) Do thu héi (%)

Cé déng hop As 1,32 1,78 98,2-99,1
Cd 0,60 1,06 100,6-101
Hg 1,11 1,43 97,2-98,0
Ngil coe As (tong) 0,98 1,52 99,6-99,9
danh cho tré Cd 0,38 0,68 100-101,6
s0 sinh (gao) Pb 0,42 0,95 101,9-102,5
Hg (tong) 0,56 1,20 98,2-99,3
Bot gao As (tong) 0,86 1,42 99,1-100,2
Cd 0,32 0,72 101,2-102
Pb 0,48 0,99 101,5-102,0
Hg (tong) 0,61 1,11 98,0-99,4
Bot ca As (tong) 0,88 2,15 99,5-99,8
Cd 0,42 1,67 100,3-103,1
Pb 0,67 2,03 99,0-100,2
Hg (tong) 0,72 1,56 98,3-99,5
Rong bién As (tong) 3,55 511 92,2-94,0
Cd 1,13 3,32 94,8-95,8
Pb 2,20 3,99 95,5-96,6
Hg (tong) 1,86 3,51 97,1-98,1
Mat ong Pb 0,40 0,62 100-102,7
Thiic dn chan  As (téng) 3,02 3,14 96,4-97,2
nuodi Cd 1,38 2,89 98,0-99,2
Pb 1,89 2,65 98,6-99,5
Hg (tong) 1,73 2,81 96,7-98,0

Két qua trong Bang 3 cho thiy phuong phap phan tich cac kim loai ning (Pb, Cd, As,
Hg) bang ICP-MS c6 d6 chinh xac dap tng yéu cau cia AOAC véi cac ndng do tuong tng.
Diéu nay cho thiy phuong phap c6 do dung, d6 chum dap tmg yéu cau cia AOAC.
3.2.2. Két quad tham gia thir nghiém thanh thao

Két qua cac mau thir nghiém thanh thao sau khi chuén bj mau (muc 2.3.1) va phan tich
trén thiét bi ICP-MS (muc 2.3.2) dugc tong hop trong Bang 4 va Bang 5. Cac bang két qua
nay tong hop tir béo cdo két qua cua cac chuong trinh thir nghiém thanh thao qubc té ma
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Vién Kiém nghiém an toan vé sinh thuc phim qudc gia da tham gia trong trong nam 2021-
2022 tir cac don vi td chitc nhu cua Fapas, DMSc.

Bing 4. Két qua phdn tich mau thir nghiém thanh thao nam 2021

Mai  Ma . . Keaawd e 2O
;. Donvi . Chitiéu  phin . léch
chuwong  so z Nén mau o . dinh 2z z-scoze
winh  PIN to phdn tich tich (ug/kg) chuan
chirc (ng/kg) oy
07411 39 Fapas Cadong As(tdng) 655 749 125 -08
hop cd 67,5 78,3 172 -06
Hg (tong) 609 537 944 08
07413 47 Fapas Ngiicoc As(tong) 120 113 249 03
danh cho Cd 32,8 32,8 723 0,0
trésosinh  Pb 48,5 44.9 989 04
(gao)  Hg(tong) 31,3 29,6 6,51 03
07419 68 Fapas Botgao As (téng) 219 211 42.6 0,2
Cd 88,2 96,1 21,1 -0,4
Pb 310 291 56,0 0,3
Hg (tong) 102 106 233 -0.2
Bing 5. Két qud phdn tich mau thir nghiém thanh thao nam 2022
_ i Kétqua ., .. D§
Ma M3 powvits  Nén  chitien  phan OO peen
chwong s , e ., , dinh P
winh  PTN chirc mdu  phéntich  tich (mg/kg) chuin scoze
(mg/kg) 0y
BQSF 038 Department Botca As(tong) 15,1 13,2 1,6  -12
ME 05- of Medical Cd 0,151 0,145 0,032 -0,2
65 Sciences Pb 0,121 0,121 0,027 0,00
(DMSc)- Hg (tong) 0,357 0350 0,067 -0,1
Thai Lan
Fapas Rong As(téng) 3,59 4,63 0,588 -1,8
07456 42 bién Cd 0,113 0,157 33,1 -13
Pb 1,01 127 0,196 -1
Hg (tong) 0,0635  0,0584 12,8 04
2853 48 Fapas Mat Pb 0,0589  0,0588 12,9 0,0
ong
07462 31 Fapas  Thucin As(tong) 0320 0335 632 -0,2
chan Cd 0,175 0,186 383  -0,3
nuodi Pb 2,68 2,75 0,378  -0,2

Hg (tong) 0,0451  0,0415 9,13 0.4
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Két qua tai Bang 4 va Bang 5 cho thiy, tir nim 2021-2022 Vién Kiém nghiém an toan
vé sinh thuc phadm qudc gia da tham gia tong cong 07 chuong trinh thir nghiém thanh thao
qudc té véi téng s 25 chi tiéu kim loai ning trong cac nén miu thuc pham va thirc n chin
nudi. Ca 07/07 chuong trinh déu dat két qua véi gia tri |z — score| < 2. Piéu d6 khing dinh
viéc 4p dung phuong phap phan tich kim loai ning (Pb, Cd, As, Hg) bang ICP-MS cho két
qué chinh xac. Ngoai ra, wu diém cua phuong phap phén tich bang ICP-MS 1a dap ung thoi
gian phan tich nhanh, d6 nhay, do chon loc cao hon, va giam thiéu dugc anh hudng nén mau
so voi phan tich bing quang phd hap thu nguyén tir (AAS) hay quang phd phét xa plasma
cam ung (ICP-OES).

4. KET LUAN

Phuong phéap phan tich kim loai nang (Pb, Cd, As, Hg) béng ICP-MS ap dung tai Vién
Kiém nghiém an toan v¢ sinh thuc phém quéc gia dat yéu cAu cla cac tiéu chi vé hiéu nang
phuong phap, phuong phép ciing nhu d6 chinh xac cao thé hién qua két qua tham gia 07
chuong trinh thir nghiém thanh thao quéc té v&i nhiéu nén mau: miu gao, rong bién, mat
ong, bot ca, thirc an chin nudi déu dat yéu cau (|z — score| < 2). Két qua tham gia thir
nghiém thanh thao dat yéu cau 1a co s& tao long tin ctia co quan quan 1y, to chirc cong nhan
va khach hang ddi voi két qua phén tich tai Vién Kiém nghiém an toan vé sinh thyc pham
qudc gia.
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Determination performance of IGP-MS heavy metals in food and feed test
method through participation of proficiency testing programs

Tran Hoang Giang, Dinh Viet Chien, Nguyen Minh Chau,
Nguyen Quang Ngoc, Le Thi Phuong Thao

National Institute for Food Control, Hanoi, Vietnam

Abstract

The inductively coupled plasma mass spectrometry (ICP-MS) method is applied to
determine the content of heavy metals (Pb, Cd, As, Hg) in food and animal feed samples at
the National Institute for Food Control due to its high accuracy and quick response time.
These samples were digested in a microwave using a mixture of nitric acid and hydrogen
peroxide, with the yttrium internal standard added initially to control the analysis. The
efficiency of the method was evaluated to meet the requirements of AOAC with reasonable
specificity, working standard curve for elements in the range from 0.4 to 20 pg/L, the relative
standard deviation of repeatability RSDr < 3,55%, and the recoveries (R%) ranged from 92.2
to 103.1%. The method has been validated by participating in international proficiency
testing programs in 2021 and 2022 with a value of |z-score| < 2. Therefore, the results affirm
the laboratory's competency meets the requirements for the validity of test results ISO/IEC
17025 requirements, reliability for customers and authorities.

Keywords: Lead, Cadmium, Arsenic, Mercury, ICP-MS, method efficiency
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