KY NIEM 80 NAM NGAY TRUYEN THONG NGANH QUAN Y (16/4/1946 - 16/4/2026)
https://doi.org/10.59459/1859-1655/JMM.959

XAY DUNG QUY TRINH GIAM DPINH
PINH LWONG DONG THO' HG, AS, CD, PB, ZN
TRONG MAU MAU, NUOC TIEU

Pham Ngoc Tuan', Dang Dirc Khanh'
Nguyén Viét Chinh', Nguyén Anh Dirc'

TOM TAT

Muc tiéu: Xay dwng quy trinh giam dinh dinh ltong déng thoi Hg, As, Cd, Zn, Pb trong méu méau, nwéc
tiéu bang ICP-MS.

DP6i twong va phwong phap: X4y dung quy trinh phén tich, dinh luong déng thoi 5 nguyén té kim loai
(Hg, As, Cd, Pb, Zn) trén 01 m4u méu, 01 mau nuéc tiéu cua ngudi khée manh; 25 mau mau va 25 méu
nuéce tiéu cla nhing truong hop tr vong khéng ré nguyén nhéan, nghi nger ngd déc nghé nghiép, méi
triong hodc cd y bang ki thuat ICPMS sau khi xt i mau bang hé 10 vi séng.

Két qua: Xay dung thanh céng quy trinh dinh long dong thoi As, Zn, Hg, Cd, Pb trong m&u mau va nuéc
tiéu bang ki thuat ICP-MS dép (g yéu cau giédm dinh déc chéat phép y. Phuong phép c6 khoéng tuyén tinh
réng (R? > 0,995), véi cac thong s6 vé do Iap lai RSDr% (0,5-3,5%), d6 tai ldp RSD,% (1,5-7,6%). Hiéu
suét thu hoi dat 75-103%, phu hop tiéu chi ciia AOAC. Piéu kién phén tich va xt Ii m&u bang phé mau vi
séng 200°C trong 5 phut duoc tbi wu, két hop ché dé6 KED khi Heli gitp han ché nhiéu va tdng dé chinh
xéc. Thoi gian lvu méu 15-30 ngay & -25°C bdo dédm do én dinh phén tich.

Két luan: Két qua khang dinh quy trinh cé dé tin cdy cao, kha thi trong thurc tién va cé y nghia trong chuan
hoa gidm dinh kim loai néng trong giém dinh phap y.

Tir khéa: ICPMS, giam dinh phap y, kim loai ndng, mau, nwéc tiéu.

DEVELOPMENT OF A PROCEDURE FOR THE SIMULTANEOUS QUANTITATIVE DETERMINATION
OF Hg, As, Cd, Zn, AND Pb IN BLOOD AND URINE SAMPLES

ABSTRACT

Objectives: To develop a procedure for the simultaneous quantitative determination of Hg, As, Cd, Zn,
and Pb in blood and urine samples using ICP-MS.

Subjects and methods: To develop an analytical procedure and evaluate the simultaneous concentrations
of five metal elements (Hg, As, Cd, Pb, and Zn) in one blood sample and one urine sample from a healthy
individual, and 25 blood samples and 25 urine samples from cases of unexplained death suspected of
occupational, environmental, or intentional poisoning, using the ICP-MS technique after sample preparation
with a microwave digestion system.

Results: A procedure for the simultaneous determination of As, Zn, Hg, Cd, and Pb in blood and urine
samples using the ICP-MS technique was successfully developed, meeting the requirements for forensic
toxicological examination. The method showed a wide linear range (R?> 0.995), with repeatability RSDr%
of 0.5-3.5% and reproducibility RSD.% of 1.5-7.6%. The recovery ranged from 75% to 103%, which
complies with the AOAC criteria. The analytical conditions and sample preparation were optimized using
microwave digestion at 200°C for 5 minutes, combined with Helium KED mode to reduce interferences and
improve accuracy. Sample storage for 15-30 days at —25°C ensured analytical stability.

Conclusions: The results confirm that the procedure has high reliability, is feasible in practical application,
and is significant for the standardization of heavy metal determination in forensic toxicological analysis.
Keywords: ICP-MS, forensic examination, heavy metals, blood, urine.
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1. DAT VAN BE

Kim loai nang nhw chi (Pb), thdy ngan (Hg),
cadimi (Cd), asen (As) va kém (Zn) c6 déc tinh sinh
hoc cao, c6 kha nang tich Iy trong co thé, gay ra
nhiéu rdi loan cap va man tinh dbi véi strc khde con
nguoi [3], [4] Trong linh vire gidm dinh phap y, Viéc
xac dinh ndéng d6 cac kim loai nay trong mau sinh
hoc, d&c biét 1a mau mau va nudc tiéu dong vai
trd quan trong gitip chan doan nguyén nhan gay t
vong, danh gia mirc d6 phoi nhiém, hé tro diéu tra
céac vu viéc lién quan dén ngo déc nghé nghlep, moi
truo’ng hodc cb y [3]. C4c mAu mau va nwéc tiéu co
wu diém la dé thu thap, phan anh twong dbi chinh
xac tinh trang phoi nhiém gan (mau) ho&c qua trinh
dao thai (nwéc tidu) ctia co thé [1]. Tuy nhién, trong
linh viwe gidm dinh phap y, cadc mau sinh hoc thuwong
duwoc thu thap sau khi da xay ra tor vong hoac trong
diéu kién bdo quan han ché, dan dén nguy co bién
ddi thanh phan va ndng dd kim loai do phan hay,
nhiém chéo ho&c chuyén hda, thay ddi héa hoc [3].

Hién nay, ki thuat phan tich hién dai, dac biét la
quang phd khéi plasma cam (rng (ICP-MS), da tao
ra buwoec tién 1on trong viéc xac dinh chinh xac ham
lwong kim loai & mirc vét (ppb-ppt) va kha nang
phan tich dong thdi nhiéu nguyén té trong ciing mot
lan do. Nhirng wu diém nay giup ICP-MS tr& thanh
cbng cu dac biét phu hgp trong giam dinh phap v,
dap ng yéu cau vé thoi gian phan tich, dé tin cay
clia két qua va gia tri phap i ctia chirng clr. Mac
du vay, viéc irng dung ICP-MS trong phén tich cac
mau sinh hoc phuc vu glam dinh phap y van dbi mat
v&i nhiéu thach thirc, bao gom yéu cau nghiém ngat
trong thu thap va bao quan mau; anh hwéng ciia nén
mau sinh hoc dén dd chinh xac ctia két qua; sw thiéu
hut cac di liéu tham chiéu dc thu cho dbi twong to
thi va kho khan trong dién gidi méi lién quan gitra
ndng dd kim loai do dwoc véi co ché tir vong.

Tw thwe tién trén, chang téi thwe hién nghién
clru nay nham xay dwng quy trinh giam dinh dinh
lwong déng thoi Hg, As, Cd, Zn, Pb trong mau
mau, nwdc tiéu bang ICP-MS. Qua dé, gép phan
nang cao chat lwong giam dinh phap y va cung cap
ching cr khoa hoc trong diéu tra.

2. DOl TUQNG, PHUONG PHAP NGHIEN ClU
2.1. Béi twong nghién ciru

- Bbi twong: 01 mau méau, 01 mau nuwéc tiéu cla
nguwoi khde manh dung dé nghién ciru quy trinh; 25
mau mau va 25 mau nuwéc tidu ctia nhirng trudng
hop t&r vong khong rd nguyén nhan, nghi ngo ngd
ddc nghé nghiép, méi trudng hodc cb y dwoc gl tai
Khoa xét nghiém Béc hoc, Vién Phap y Quan doéi tw
thang 3/2025 dén thang 12/2025.
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- Vatliéu nghién ctvu: hda chat chuan don ctia 05
nguyén té kim loai c6 ndng dd 1.000 ppm (Merck).
Céc dung dich acid HNO, 65%, H,0, 30%, HCI
37% déu la héa chéat tinh khiét phan tich (Merck).
Nuw&c st dung la nwdc deion. Khi Argon, Heli co d6
tinh khiét 99,999% (Messer). Cac dung dich chuén
héa thiét bi ctia hang (Perkin Elmer).

- Thiét bi, dung cu: hé théng khéi phé plasma
cam ng ICPMS iCAP RQplus (Themo Scientific)
c6 trang bi bd phan loai sw triing khéi bang cac ché
dd do va cham va déng hoc phan ng, tich hop
bom méau tw ddng ASX-560; 16 vi song pha mau
Mars6 Plus; can phan tich Sartorius d chinh xac
10+ g; binh dinh mc 10, 25, 50 ml; phéu, pipet,
micropipette, cbc...; cac 6ng falcon loai 15, 50
ml dung chira mau va dung dich chuén; binh tia
polietilen chira nwéc cat siéu sach.

2.2. Phwong phap nghién ctru

- Thiét ké nghién ciru: xay dwng quy trinh phan
tich, dinh lwgng ddng thoi 5 nguyén té kim loai (Hg,
As, Cd, Pb, Zn) trong mau, nwéc tiéu bang ki thuat
ICPMS sau khi x& li m&u bang hé 16 vi song [2],
[3], [6].

- T6i wu diéu kién phan tich déng thoi céac
nguyén tb kim loai bang ICPMS:

+ Do cac nguyén t6 kim loai & ché dd va cham,
st dung khi Heli. Té6i wu héa tw déng cac théng sb
thiét bi ¢ anh hwédng dén dd nhay cta phép do
(nhw lwu lwong khi mang, céng suét tao plasma,
thé thau kinh ion, do sau plasma) theo huéng dan
van hanh thiét bj cla hang Themoscientific.

+ Thé cong hudng cudn cam 1,6V; cong suat
cao tan 1.550W; dd sau mau (sample depth) 8,0
mm; téc do khi tao plasma, Ar 15,0 I/ph; tbc d6 khi
mang (makeup gas), Heli 0,001 I/ph hodac 4 ml/ph;
tbc do khi phu tro' (auxiliary gas) Argon 0,90 I/ph;
tbc d6 bom phun (nebulizer pump) 0,10 rps; tbc dod
khi phun swong 1,07 I/ph.

- X |i mau bang 16 vi séng: lay chinh xac 0,5
mL mau mau hoac 1,0 mL mau nwéc tiéu cho vao
céac 6ng teflon chuyén dung cta hé théng pha mau
vi song. Thém 5 ml HNO, 65% va 2 mL H,O, 30%,
sau do tién hanh vé co héa mau theo chwong trinh
pha mau tw dong cla 16 vi séng. Chuyén mau sau
khi vO co hdéa xong vao binh dinh mirc 50 ml va
dinh mdrc téi vach béng nwédc deion chra 2,5%
HNO,; lac déu mAu va rung siéu am 15 phat tredc
khi tién hanh phan tich trén ICPMS.

- Thdm dinh phwong phap:

+ Tién hanh thdm dinh phwong phap véi cac
thong sb: dwdng chuén lam viéc, gi¢i han phat hién
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(LOD), gi¢i han dinh lwvgng (LOQ), d6 chum (d0 lap
lai, tai 1ap), d& dung (d6 thu hoi).

+ Xay dwng duwong chudn béng phuong phap
hdi quy tuyén tinh theo nguyén li binh phuwong téi
thiéu, cé hiéu chinh mau tréng; trong do6, ham hiéu
chuan dwoc ép di qua tin hiéu mau trang (f(0) =
y_blank) nham bu trir cac &nh hwéng nén phat sinh
tr héa chat, quy trinh x& li mau va nhiéu thiét bi.
Cach thiét 1ap ham dwong chudn nay gitip phan
anh chinh xac hon dap ng phéan tich thyc, dac
biét & viing néng do thap. Trong do, hé sb a la do
déc cla dwong chuén, tinh bang phwong phap
binh phwong téi thiéu va thé hién dd nhay cua
phwong phap.

+ Xay dwng duwdng chuan xac dinh cac nguyén
t6 kim loai ndng & hai mirc néng d6 khac nhau: méc
thap trong khoang 0,1-25 pg/dL, &p dung dé phan
tich 3 nguyén té Hg, Cd, Pb; mirc cao trong khoang
1-250 pg/dL, ap dung dé phan tich 2 nguyén tb As,
Zn (thwdng c6 ham lwgng cao hon trong mau mau,
nwoc tiéu).

- Xac dinh gi¢i han phat hién, gi¢i han dinh
lwong dwa trén viéc phan tich mau trang 13p lai 6
lan, tinh d6 1&ch chuan s. Giéi han phat hién dwoc
tinh LOD = 3s, gi¢i han dinh lwgng LOQ = 10s.

- Banh gia dé lap lai béng cach phan tich lap
lai 6 1an v&i mot nén mau mau, nudc tiéu thém
chuén hén hop 5 kim loai & 3 ndng dd khac nhau
(thdp, trung binh, cao). Sau dé, tinh gia tri RSDr
(%). Panh gia do tai lap trén cung nén méu gitra
cac ki thuat vién va ngay thwc hién khac nhau, sau
do, tinh gia tri RSDr (%). Danh gia d6 thu hdi bang
cach thém chuan vao nén mau mau, nuéc tiéu
thwe x& li mau béng 16 vi séng theo quy trinh trén
& 3 mirc ham lwong khac nhau cta chét phan tich
trong khoang lam viéc ciia dwéorng chuén.

- Dao dtrc: Nghién ctru théng qua Hoi déng khoa
hoc va Héi déng y dirc ctia Vién Phap y Quan doi
(Quyét dinh s6 169/PY-KN ngay 09/03/2026). Tat
cé& cac trweng hop nghi ngd doc kim loai déu duoc
tw van day da trwde khi xét nghiém, co ki gidy cam
doan lam xét nghiém.

3. KET QUA NGHIEN cUU
3.1. Két qua toi wu diéu kién phan tich bang ICPMS
Tién hanh phan tich hdn hop dung dich chuan
chét phan tich As, Zn c6 ndng d6 200 pg/dL va Hag,
Cd, Pb c6 nong d6 20 pg/dL. Két qua cho thay,
cwong do tin hiéu cla cac nguyén té giam khi dung
khi Heli (KED), khi khong dung khi Heli tin hiéu ctia
nguyén t tdng (STD). Nguyén tb Hg thdy & ca 2
ché d thay tin hidu it bi thay déi (hinh 1 va hinh 2).
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Ché do KED gilp gidm nhi&u da nguyén t&r phat
sinh trong plasma. Nhé d6, bdo dam két qua phan
tich chinh xac va tin cay hon. Mac du cuwdng dé
tin hiéu nguyén tb gidm so vé&i ché do STD, nhwng
day la sw gidm co lgi vi loai bé dworc tin hiéu gia do
nhiéu, gi® lai tin hiéu thwc cla nguyén t6 phan tich.
V&i cac nguyén td dé bi nhiéu nhw As va Zn, ché
d6 KED dac biét hiéu qua, giup xac dinh ni“)ng doé
dang hon. Vé&i nguyén té Hg, két qua cho thay tin
hiéu 6n dinh & ca hai ché do, chirng t6 KED khong
lam &nh hwdng xau dén phép do ma van duy tri do
chinh xac. Vi vay, st dung ché do KED la Iwa chon
tdt nhét trong phan tich ICP-MS, nhét 1a khi do céac
nguyén t6 c6 nguy co chiu anh hwéng manh ti
nhiéu da nguyén te.
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Hinh 1. Anh huéng cta khi Heli dén tin hiéu do
cac nguyén té As, Zn, Hg, Cd, Pb ¢ ché KED.
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Hinh 2. Anh huéng cua khi Heli dén tin hiéu do
céc nguyén tb As, Zn, Hg, Cd, Pb & ché STD.

- Khao sat diéu kién vd co hoa:

Tién hanh khao sat dwa trén két qua phan tich
05 nguyén té trong nghién ctu la As, Zn, Hg,
Cd, Pb. Thwc hién: Iéy 0,5 ml mau va 1 ml nwéc
tiéu vao binh Vessel, thém 5 ml HNO, 65% va 2
ml H,0,. Lac déu hén hop, dé 15 phut trwdc khi
déng nap binh Vessel va dwa vao thiét bi (trong
qua trinh, thém axit vao mau co6 hién twong sai
bot nhe).
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Bang 1. Bang diéu kién chay 16 vi séng pha mau
MARS 6 Plus

Bang 3. Gi¢i han phat hién va gi¢i han dinh
Iwgng cuia cac kim loai khao sat

1.050/1.050|1.050

M&u mau, nuwéc tiéu chay lan lwot 3 phuong
phéap (nhw bang 1) va mé nép t tr bang dung cu
chuyén dung. Hut mau hét ra lo thay tinh 20 ml. Két
qué ca 3 phwong phap déu thu dwoc dung dich trong
subt, khdng mau hodc mau vang nhat va khéng con
can rén sau khi pha loang. Viéc ca ba phwong phap
PP1, PP2, PP3 déu dat dworc tiéu chi nay chirng to:

- Nhiét do6 200°C va ap suat 800 psi la du dé
tao diéu kién phan hly hiéu qua cac protein, lipid
va carbonhydrat phirc tap trong nén mau sinh hoc.

- Hén ho’p axit HN03/H2Q2 da dat duwoc ti 1€ oxi
hoéa/khtr t6i wu cho lwgng mau mau 0,5 ml va nwéc
tiéu 1 ml.

Chung t6i da xac dinh: 5 phut git® nhiét & 200°C
(PP1) 1a diéu kién t6i thiéu can thiét dé dat sy phan
hdy hoan toan nén mau mau va nuéc tiéu. Lwa chon
PP1 la quyét dinh t6i wu theo nguyén téc hiéu qua
va chi phi, bdo dam tat ca cac nguyén tb kim loai vét
chuyén hoan toan thanh dang ion tan ma van duy tri
nang suat xt li mau cao. Xt li mau bang 16 vi séng
c6 wu diém 14 thoi gian vo co nhanh va triét dé, hé kin
han ché sw nhiém ban, déng thoi tiét kiém lwong axit.

3.2. Két qua tham dinh
- Khodng tuyén tinh:

Bang 2. Puwong chuan cia 5 kim loai dinh lwong
trong mau mau, nwéc tiéu

Phwong phap PP1 | PP2 | PP3 Nguyén té LOD (pg/dL) | LOQ (ug/dL)
Nhiét do (°C) 200 | 200 | 200 As 0,0007 0,00231
Thoi gian tang nhiét 6 (phat) | 15 15 15 Zn 0,0031 0,01023
Thoi gian gilr nhiét do (phut)| 5 10 15 Hg 0,0012 0,00396
Ap suét (psi) 800 | 800 | 800 Cd 0,0001 0,00033
Céng sult (W) 900- | 900- | 900- Pb 0,0005 0,00165

Ngrgen Phwong trinh H%fo
As Y =23.453,7107*x + 3,3333 0,9971
Zn Y =58.743,9296"x + 543,3483 10,9973
Hg Y =594.396,9111*x + 1.706,793 | 0,9975
Cd Y =129.394,6112"x + 3,3333 0,9964
Pb | Y=2.170.724,7022*x + 20.557,016 | 0,9952

Xay dwng dwdng chudn bang cach phan tich
day dung dich chuan lam viéc, ghi nhan cwdng do
tin hiéu ctia cac nguyén t6 phan tich. Két qua thay
c6 sw twong quan tuyén tinh chat ché gitra cwong
dd tin hiéu véi ndng d6 ctia cac nguyén té (hé sb R2
> 0,995), dap wng tét yéu cau vé dinh lvong.

- Gioi han phat hién (LOD) va giéi han dinh
lwvong (LOQ):
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Gi¢i han phat hién (LOD), gi¢i han dinh lwgng
(LOQ) dwoc xac dinh bang phan tich 13p lai 6 lan
mau trang, trong cung diéu kién nhuw mau thir. Két
qua dworc tdng hop trong bang 3.

- D6 chinh xac:

Bang 4. Két qua danh gia dé chinh xac, dé dung
trong mau mau va nwéc tiéu

Nguyén Té |RSDr (%) | RSDR (%) R (%)
As | 1,0-35 | 4259 | 80,61-96,02
_ |zn| 0828 | 1570 |76,789283
m:s Hg| 1,028 | 2,9-44 |7542-89,38
Cd| 0527 | 4353 | 75719917
Pb| 0,920 @ 1555 | 80,59-88,92
As | 09-30 | 6,376 |7848-102,90
M&L | Zn| 07-29 | 2,7-48 | 7520-96,94
nwéc |Hg | 1,129 | 2,0-3,8 | 78,08-92,4
téu |cd| 0,525 | 4452 |77,63-102,69
Pb| 1,130 @ 2,2-34 | 78,90-96,84

Gia tri RSDr(%): trong c& mau mau, nwéc tiéu
déu thap (< 3% v&i 5 nguyén t6). Phuong phap cho
thay phép phan tich co dd I&p lai tét.

Gia tri RSDR(%): trong khoang 1,5-8,0% ndm
trong gi¢i han chap nhan dwoc déi véi phan tich
vét. Do dd, phwong phap cé do tai lap tét trén nhiéu
nén mau khac nhau.

D6 diung (R-hiéu suét thu hdi): hiéu suét thu hoi
clia cac nguyén tb trong cd mau mau va nuwéc tidu
nam trong khoang 75-103%, phu hop gi¢i han chap
nhan ctia AOAC (70-120%). Diéu nay cho thdy do
dung cla phwong phap tét, sai s& hé théng thap
va phwong phap khéng bi anh hwéng dang ké bai
hiéu &ng nén. Do d6, quy trinh phan tich bdo dam
do chinh xac can thiét cho dinh lwong kim loai nang
& murc lwong vét.

- Két qua phan tich mau thyc té:

Két qua phan tich 25 mau mau, 25 mau nwéc tiéu
glri giam dinh phap y theo quy trinh da nghién ctru
trén ICP-MS. Két qua phan tich cho thy 5 mau mau
va 3 mau nudc tidu cé nébng dd Pb vuot ngudng
canh bao ctia CDC. Chi tiéu kim loai Hg, As, Cd déu
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nam trong gi¢i han binh thuwdng. Phat hién thay 3
mau mau, 5 mau nwéc tiéu cd ndbng dd Zn cao hon
gioi han sinh li binh thuwdng (70-120 pg/dL).

4. BAN LUAN

Quy trinh dinh lwong déng thai As, Zn, Hg, Cd, Pb
trong mau méau va nwéc tiéu bang ki thuat ICP-MS cho
thay nhiéu wu diém vuot troi so véi cac phuong phap
truyén thdng nhu AAS, trac quang hap thu phan t va
cuc phd. Ngoai viéc lwa chon sé khéi va ché do phan
tich nham han ché anh hudng cla hién twong tring
khdi, cac thong sé khac cé anh hudng dén dé chinh
xac, dé nhay, dé &n dinh ctia phép phan tich, nhw cbng
suét RF, lvu lwong khi mang, d sau plasma, thé thau
kinh ion..., dwoc ti wu tw déng str dung dung dich
chuén héa thiét bi. Bén canh dd, cac anh hudng khac
clia dung méi hiru co va phuong phap x Ii mau bang
16 vi s6ng ciing dwg'c nghién ctru [7].

Phwong phap c6 dd nhay va dé chon loc rat cao,
dat gi&¢i han phat hién & mlc ppb-ppt, cho phép
phat hién cac kim loai & néng doé vi lweng trong
mau sinh hoc. Déng thoi, ICP-MS cho phép phan
tich da nguyén tb trong cing mét 1an chay mau,
rat ngén thoi gian va tang hiéu suat giam dinh.
Phwong phap c6 dé chinh xac va dé 4n dinh cao
nhd ngudn plasma 6n dinh va ving tuyén tinh rong.
Cac dwong chudn dat R2 > 0,995 trong khoang
ndng dd khao sat, bao ddm do tin cay va gidm sai
sb trong qua trinh dinh lwong [3].

Quy trinh xt |i mau don gidn bang phan hay vi
séng, st dung lwogng mau nhd, han ché nhiéu nhe
ché do KED, phu hop véi nén mau phirc tap nhw
mau va nuéc tiéu. Khi Heli dwoc dung giam nhidu
da nguyén t& sinh ra tir plasma hodc nén mau. Heli
khéng phan rng héa hoc manh v&i ion nguyén td
nghién clru nhwng gay va cham lam giam dong nang
cac ion phirc nhleu hon so v&i ion nguyén t6 nghién
ctru, nén khi qua céng ndng lwong (KED) cac ion gay
nhiéu bi ch&n lai con ion mong mudn van di qua.

Tong thé, ICP-MS Ia cbéng cu phan tich hién dai,
hiéu qua va phu hop nhéat cho giam dinh kim loai
nang trong doc chat phap y.

5. KET LUAN

ba xay dwng thanh céng quy trinh dinh Iwong
di“)ng thoi As, Zn, Hg, Cd, Pb trong mau mau va
nwéc tidu bang ki thuat ICP-MS, dap tng yéu cau
giam dinh doc chéat phap y.

Phwong phap cé khodng tuyén tinh rong
(R2 > 0,995), v&i cac thong sb vé dd lap lai RSDr%
(0,5-3,5%), do tai lap RSDR% (1,5-7,6%). Hiéu
suéat thu héi dat 75-103%, phu hop tiéu chi cua
AOAC. Diéu kién phan tich va x li mau bang pha
mau vi séng 200°C trong 5 phut dwoc téi wu, két

Tap chi Y HOC QUAN SU;, SO 383 (3-4/2026)

hop ché d6 KED khi Heli giip han ché nhiéu va
tdng do chinh xac. Thai gian lwu mau 15-30 ngay
& -25°C bao dam dd 6n dinh phan tich.

Khi ap dung trén 25 mau mau va 25 mau nwéc
tiéu thuwc t&, da s mau c6 ndng d6 As, Hg, Cd trong
gi¢i han sinh hoc binh thwdng; mot sb trwdng hop
ghi nhan Pb va Zn vuot ngudng.

Két qua nghién ctru khdng dinh quy trinh cé do
tin cdy cao, kha thi trong thwc tién va cé y nghia
trong chuéan héa giam dinh kim loai nang trong
giam dinh phap y.
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