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SUMMARY

DETERMINATION OF Cd, Cu, Pb AND Zn IN MILK BY ISOTOPE DILUTION
METHOD (ID - ICP - MS)

Metals Cd, Cu ,Pb and Zn in milk has been analyzed by isotope dilution ICP—-MS.
Isotopes *'°Cd, ®*Cu, Pb®" and ®®Zn were used in diluted isotopes. Found a mixture of
digestates and suitable temperature to digest 0.2 g of milk . LODs and LOQs
respectively from 2.0 to 16 pg.kg™ and 6.0 to 48 pg.kg™. Recoveries in the range 88 to
104 % . The relative standard deviation is less than 2 %.

Tur khoa: 1°Cd, ®°Cu, Pb® va ®8zn, ICP-MS, phurong phép pha lodng dong Vi, sita.

1. MO PAU

Ham Iugng kim loai nang trong thuc
pham dugc quy dinh rat nho (QCVN 8-
1:2011 BYT), ddi véi tré em thi luong
kim loai doc hai cang yéu cau kiém soét
chat ché do tinh nhay cam cua tré em va
gidi han tinh doc cuaa cac kim loai duoc
xac dinh theo ham lugng kim loai duogc
dua vao/Kg trong luong co thé/ngay
(WHO va FAO). Khau phan in cua tré
em tir 6-24 thang tudi tap trung cha yéu
|a rau, sira va bot ngii coc. Trong do, sira
chiém phan chinh cua khau phan n va
la ngudn cung cip dudng chit, ning
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lugng chu yéu. Su can thiét va tién dung
cua stra da lam cho thi truong sta bung
phét, thyuc té khé co thé thong ké day du
cac nhan hiéu va chung loai sira ciing
nhu cac dang bot ngii coc. Viéc lya chon
duoc sira an toan 1a rat cam tinh. Theo
quy dinh cia bo Y té, trong gigi han chi
ti da rat thap 0,02 mg/Kg ...

Kim loai trong sita thuong & dang Vvét.
K thuat quang pho hap thu nguyén teo
16 graphit chi phat hién téi da véi Pb la
0,1 mg/Kg trong mau, con nho hon
thuong phép do khdng 6n dinh, sai s ¢6
thé 1én téi 100% -200%. Phuong phap



quang phd plasma ghép ndi khéi phd
(ICP-MS) sur dung k¥ thuat do pha loang
ddng vi c6 do nhay, chinh xéac cao va lip
lai rat t6t. Trong nghién ctru nay, ching
t61 nghién ctru quy trinh x4c dinh dong
thoi Cd, Cu, Pb va Zn trong mau sita.
Bing phuong phap pha loing dong vi
(ZD-ICP/MS)

2. PHUONG PHAP NGHIEN CUU

2.1. Thiét bi va hoa chat

2.1.1. Thiét bj

May ICP - MS: ELAN 9000 Perkin
Elmer, My, Bo dua mau tu dong FAST
SC-2DXS , Perkin Elmer, My.. Thiét bi
phan hiay mau Microwave Speed Wave,
burc. Micropipet 2 - 20 uL, 20 - 200 uL,
100 - 1000 pL, 1000 - 5000 pL,
Epensdorf, Bac. Chén teflon 50 mL, 100
mL. Binh dinh muc 10, 20, 50, 100 mL.
Duran, Buec.

2.1.2. Hoa chat

Céac déng vi 10¢cd, %cu, va ®zn cua
hang Trace Sciences International Corp.;
Canada, DBong vi ’Pb cua hiang SPEX
CertiPrep, USA. Chuan ERM-BDI51
cia Europe. Axit HNOs, HCI, H,SOq,,
H3PO4, HF, H,0,, chuan kim loai Cd,
Cu, Pb, Zn cua Merck va Cica, nudc cit
siéu sach co dién tro 18,2 MQ Millipore.
Khi Ar > 99,999 % (> 5,0) Messer,
Singapor.

2.2. N§i dung nghién cu

Ham lugng Cd, Cu, Pb va Zn trong sira
thuong & dang vét. Bé co dugce phuong
phap phan tich chinh xac, chung to6i
nghién ctru cac van dé sau:

- Nghién cizu phan hiy mau

* Can 0,2 gam sita bdt vao cac binh
phan hily mau ctia 16 vi séng SW-4 khac
nhau, mot nra 6 mau thém 25 pL dung
dich chuén (Cd 1 ppm, Cu 20 ppm, Zn
100 ppm va Pb 2 ppm), mét nira s6 mau
con lai khong thém chuan. Tung cip
méiu thém chudn va khong thém chuan
dugc thém 5ml axit cac loai axit dac
HNO3, HCI, HsPO4 H,SO,4 hén hop
HNO; va HCI (ty 1¢ 1:3), hdn hop HNO3
va H,0; (ty 1& 4:1), hdon hop HNO; ,
H,SO4 va HF (ty 1€ 4:1:1) va phan huy
trong 16 vi séng. Sau khi phan hity mau
duoc hoa tan va dinh muc téi 25 ml
bang nudc cat va dem phan tich trén
thiét bi ICP-MS.

* Can 0,2 gam sita bot vao cac binh
phan hily mau ctia 16 vi séng SW-4 khac
nhau, mot nira s6 mau thém 25 uL dung
dich chuan (Cd 1 ppm, Cu 20 ppm, Zn
100 ppm va Pb 2 ppm), mét nira s6 mau
con lai khoéng thém chuan. Tung cip
mau thém chuin va khong thém chuan
dugc phan huy trong 10 vi song véi nhiét
do6 khac nhau. Sau khi phan huy mau
duoc hoa tan va dinh muac t6i 25 ml
bang nudc cat va dem phan tich trén
thiét bi ICP-MS.

* Khao sat lugng dong vi thém vao pho
hop. Dé danh gia anh hudng cia luong
dong vi thém vao thi can biét khoang
noéng dong trong mau can phan tich.
Trudc tién cidc mau sita bot duge phan
tich trén ICP-MS théng thuong. Xac
dinh gia tri trung binh cta cac nguyén tb
trong cac loai mau. Chuan bi miu chuan
c6 ndéng do twong Gmg gia tri trung binh
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tim dugc va thém luong ddng vi cia cac
nguyén té vao mau twong tmg véi gia tri R
( R = lugng dong vi thém) ndng do nguyén
t6 ) tir 0,1 dén 10 1an. Phan tich x4c dinh
bang k¥ thudt pha lodng ddng vi, luong
thém chuan phu hop 13 khi tim duoc gia tri
gin bang voi gia tri mau chuan.

* Khao sat cac anh huong do tring sé
khdi coa cac thanh phan chinh trong
mau sita. Pé danh gia anh hudng cua cac
thanh phan trong nén mau can biét cac
thanh phan chinh trong mau can phéan
tich. Trudc tién cac mau dugc phan tich
trén ICP-MS thong thuong. Pha mau c6
ndng d6 cac nguyén td c¢6 nong do twong
g v&i ndng do trong mau. Thém luong
Na, Ca, Mg, Ba, Sr & muc tbi da co trong
mau va cong thém 20, 40 60 va 100%.

Xac dinh mirc d6 anh hudng ctia nén.

* Xac dinh gigi han phéat hién va dinh
lwong cua cac nguyén té trén thiét bi
ICP-MS dua trén cac diéu kién tdi wu da
khao sét.

* Panh gia do lap, do léch chuan, d6 thu
hoi ciia phuong phép.

* Phan tich cdac miu chuin duoc cong
nhan bang k¥ thuat ID-ICP-MS.

* Phan tich mau thuc tai mot s6 khu vuc
trén dia phan thanh ph6 Ha Noi.

3. KET QUA VA THAO LUAN

3.1. Nghién cttu phan hiiy miu sira
bang cic hén axit, chit oxi héa khac
nhau

Nghién ctu phan hay mau, cac loai axit
va hdn hop céc chat oxihoa da dugc thir
nghiém va cho két qua nhu sau:

Bang 3.1. Két qua khao sat bang qua trinh xi# li mdu Bang céc logi axit khac nhau

Bing cac loai axit khac nhau

Loai axit
HNOs3,
HNO; | HCI | H3PO4 | H2SO4 | HNO3&HCI | HNO3&H,0; | H,S0,
& HF
Cd 95 85 87 85 94 97 96
Cu 97 87 85 82 95 99 95
Pb 97 83 83 80 93 98 97
Zn 98 88 88 84 96 96 96

Bang 3.1 chi ra phan hay mau st dung
axit HNOsz hay hon hop HNOs va HCI
hodc hdn hop HNOj3; va H,0; hodc hon
hop HNOs , H,SO, va HF déu cho hiéu
suit thu hoi ddi véi cac ddng vi tét (tur
87 dén 98 %). Thuc nghiém quan sat
nhan thay hdn hop HNO3 va H,0; 14 cho
mau dong nhat va it nguy hiém hon. Vi
vay, cac nghién cau tiép theo déu sur
dung h5n hO’p HNO;3 va H,0, cho ViéC
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phan hay mau.

3.2. Nghién ciru anh hwéng cia nhiét
do dén qua trinh phin hiy miu sira
bot

Sau khi di chon duoc loai hdn hop chat
phan hily mu, chiing t6i tién hanh khao
sat nhiét do phan huy trong 10 vi song
cho phu hop. Cac két qua thu duoc nhu
trong bang 3.2.




Bang 3.2. Két qud khdo sdt anh hudng ciia nhiét do phan hiy

Nguyén tb
Nhiét d¢
phén hiy Hiéu suit thu hdi (%)
trong 10 vi séng (°C)
Cd 60 |80 [100 [120 [140 |160 |180
Cu 96 97 98
Pb Mau chua tan hét 95 97 97
Zn 93 95 96
Cd 96 98 96

Bang 3.2 chi ra nhiét d6 phan hity mau
thich hop tir 140 dén 180°C. Tuy nhién,
dé dam bao d¢ tai chon nhiét o 160°C
cho céac nghién ciru tiép theo.

3.3. Khao sat lwrgng dong vi thém vao
phu hep cho phan tich miu sira bt
Pé danh gia anh huong cua luong dong
vi thém vao, can biét khoang nong dong
vi trong mau can phan tich. Trudc tién
cic mau sita bot dugc phan tich trén
ICP-MS thong thuong. Sau khi c6 sd
lieu vé khoang nong do, chung toi da

thyc nghiém khao sat luong thém dong
vi. Pha miu nudc c6 noéng do céc
nguyén t6 co noéng do twong tmg véi
ndéng d6 trong mau sita bot sau phan hay
(Cd: 0,1 pg/L, Cu: 60 pg/L, Pb: 15
Hg/L, Zn: 400 ug/). Thém luong dong vi
clia cac nguyén td vao mau tuwong tmg
v6i gia tri R ( R = lugng dong vi thém
va ( ndng d6 nguyén td ) tir 0,05 dén 20
lan. Két qua phan tich duogc thé hién
trong bang 3.3 nhu sau:

Bang 3.3. Két qua khdo sdt lwong dong vi

R - 005 | 01 | 025 | 05 1 2 4 5 10 20
Pdng vi giau *°Cd (ug/L) | 0.000 | 0.005 | 0.01 | 0.025 | 005 | 0.1 0.2 0.4 05 1 2
ty 1& “°Cd/***Cd 0.435 | 0.569 | 0.763 | 1.288 | 2.158 | 3.915 | 7.466 | 14.64 | 18.38 | 37.46 | 99.88
e Cd (ug/L) 0.130 | 0.106 | 0.102 | 0.101 | 0.100 | 0.099 | 0.098 | 0.097 | 0.094 | 0.070
D6 chinh xéc (%) 130 | 106 | 102 | 101 | 100 99 98 97 94 70
Péng vi giau ®Cu (ug/L) | 0.000 | 3 6 15 30 60 120 | 240 | 300 | 600 | 1200
ty 18 ®°Cu/®Cu 0.446 | 0.500 | 0.580 | 0.797 | 1.154 | 1.891 | 3.396 | 6.407 | 7.975 | 16.16 | 42.97
c Cu (ug/L) 79.20 | 64.80 | 61.80 | 61.20 | 60.00 | 58.80 | 58.20 | 57.60 | 55.20 | 40.80
Do chinh xéc (%) 132 | 108 | 103 | 102 | 100 98 97 96 92 68
Péng vi giau *'Pb (ug/L) | 0.000 | 008 | 015 | 038 | 0.75 | 150 | 3.00 | 6.00 | 7.50 | 15.00 | 30.00
ty 16 2"Pb/®®Ph 0.422 | 0.492 | 0.595 | 0.876 | 1.348 | 2.330 | 4.316 | 8.373 | 10.47 | 21.63 | 59.14
b Pb (ug/L) 2.025 | 1.650 | 1575 | 1.545 | 1.500 | 1.470 | 1.440 | 1.425 | 1.350 | 0.975
Do chinh xéc (%) 135 | 110 | 105 | 103 | 100 98 96 95 90 65
Péng vi giau ®Zn (ug/L) | 0.000 | 20 40 100 | 200 | 400 | 800 | 1600 | 2000 | 4000 | 8000
ty 18 8Zn/*zn 0.670 | 0.803 | 0.990 | 1.524 | 2.410 | 4.255 | 8.060 | 15.76 | 19.54 | 41.40 | 110.9
& Zn (ug/L) 540.0 | 448.0 | 420.0 | 412.0 | 400.0 | 388.0 | 380.0 | 380.0 | 352.0 | 260.0
D6 chinh xéc (%) 135 | 112 | 105 | 103 | 100 97 95 95 88 65
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Két qua bang 3.3 chi ra rang, ham luong
thém chuan trong khoang tir 1 dén 4 lan
mau thyc thi két qua do duoc dat 95 dén
106 phan trim so véi két qua trong miu
thuc. Néu viéc thém chuén 16n qua hoac
nhé qua 5 lan thi két qua tim duoc
khong con chinh xéc.

3.4. Khao sat cac anh hwéong do trung
s6 khdi cia cac thanh phan chinh
trong miu sira

Pé danh gia anh huong cia cac thanh
phan trong nén mau thi cin biét cac

thanh phan chinh trong mau can phéan

tich. Trudc tién cac mau sita bot dugc
phan tich trén ICP-MS thong thuong.

Sau khi c¢6 s6 liéu vé cic thanh phan
chinh c6 kha niang anh huong, dé tai da
thue nghiém khao sat luong thém dong
vi. Thém lugng Na, Ca, Mg, Ba, Sr ¢
murc tdi da c6 trong mau va cong thém
20, 40 60 va 100%. Két qua phan tich
dugc thé hién trong bang 3.4 nhu sau:

Bang 3.4. Két qud khdo sdt anh hwéng ciia nén mau

Luong céc Két qua tim thay so voi mau thyc (%)
L?al €u 10 anh hudng Max Max+ | Max+ | Max+ | Max+
stra
Y 20% 40% 60% 100%
Nguyén to
Cd 100 103 101 102 105
Stra Cu 100 101 104 105 108
bot Pb 100 102 104 102 103
Zn 100 103 105 103 107
Nhan xét: Két qua bang 3.4 chi ra rang, Nguyén t6 LOD LOQ
ham lugng thanh phan chinh ciia mau Cd (ug/L) 0,013 0,039
gan nhu khong anh huéng téi két qua Cd (mg/Kg) 0,002 0,006
phan tich. Khi lugong Na, Ca,.. vuot toi Cu (ng/L) 0,03 0,09
100% mirc van ton tai trong sita méi anh Cu (mg/Kg) 0,004 0,012
huong t6i két qua nhung mirc anh hudng Pb (pg/L) 0,02 0,06
duong chura t61 10%. Pb (mg/Kg) | 0,0025 0,0075
gi6i han dinh lugng. Zn (mg/Kg) | 0,016 0,048

Xac dinh gidi han phat hién va dinh
luong cua phuong phdp dua trén viéc
phan tich 7 1an mau ham luong thap va 7
mau tréng. Gi61 han phat hién va dinh

lugng ctia phuong phap nhu sau:
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3.6. Panh gia d¢ 1ip lai, dd thu hoi

Nghién ctru xac dinh d¢ léch chuédn, do
lap lai va do thu hoi cia cac nguyén tb
bang phuong phap pha lodng dong vi
ID-ICP-MS. Chung t61 da nghién cuu




xéac dinh do 1éch chuén, d6 lip lai va do
thu hoi cia cac nguyén tb trong mau sira
nhu sau:

D6 lap lai cia va do thu hoi cta Zn 1a
0,76% va 95%

Do 1ap lai cua va do thu hdi caa Cu la
0,63% va 97%

Do lap lai cia va d6 thu hdi cia Pb 1a
1,67% va 88%

Do lap lai ciia va do thu hoi cia Cd 1a
1,87% va 103%

3.7. Phén tich miu chuin.

Pé danh gia phuong phap, chung toi
phan tich mot s ERM- BD151 két qua
nhu sau:

Bang 3.7. Két qud phdn tich mau chudn

dwoc cong nhdn

Két qua
phan tich | Gia tri dugc cong

Kim (ID- nhan (ERM-
loai ICPMS) BD151)

mg/Kg mg/Kg
Cd 0,109 0,106+0,013
Pb 0,210 0,207+0,014
Cu 5,09 540,23
Zn 45,63 44,9+2 3

Két qua phan tich nam trong gidi han
cho phép. Nhu vay, ky thudt do pha
lodng dong vi ICP-MS dam bao cho két
qué tot.

3.8. Ap dung cac diéu kién téi wu
trong phan tich miu thuc té

Két qua phén tich cho thidy ham luong
cac nguyén tb trong sita bot ndm trong
khoang:

Cd: 4,6 dén 64,6 ng/Kg, trung binh 8,7
Ha/Kg

Pb: 46 dén 296 pg/Kg, trung binh 128
Hg/Kg ’

Cu: 1,10 dén 24,63 mg/Kg, trung binh
5,21 mg/Kg

Zn: 14,63 dén 92,00 mg/Kg, trung binh
52,99 mg/Kg

4. KET LUAN

Pa chon duoc hon hop axit HNO3:H,0;
theo ty 16 4:1 1a hdn hop chit phan huy.
Nhiét do phan huy cia 10 vi song phu
hop 14 160°C. Ty 1¢ dong vi thém vao
thich hop trong khoang 1-4 1an nong do
cac nguyén td co trong miu. Gidi han
phat hién thu dugc nam trong khoang
0,002 dén 0,016 mg/Kg. Ky thuat phan
tich nay cho két qua t6t véi mau chudn
ERM-BD151. Ham lugng Cd, Cu, Pb va
Zn trong stta bt trung binh 0,0087;
5,21; 0,128 va 52,99 mg/kg tuong tng.
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