Nghién cuu khoa hoc

Nghién ciiu va san xuat mau chuan kim loai ning (As, Cd, Ph, Hg) trong nudc

Lé Thi Phwong Thao', Nguyén Thi Hang!", Tran Thi Hong!, Nguyén Minh Chau?
IKhoa Bam bdo chat lwong, Vién Kiém nghiém an toan vé sinh thuc phcfm Quéc gia, Ha Noi

’Khoa Kim logi va vi khodng, Vién Kiém nghiém an toan vé sinh thirc phdam Quoc gia, Ha Ngi
(Ngay dén toa soan: 27/12/2022; Ngay chdp nhin dang: 09/03/2022)

Tom tit

Mau chuan 13 cong cu quan trong trong dam bao gia tri st dung cua két qua thir
nghiém. Viéc sur dung mau chuan & Viét nam hién nay con han ché do viée cung cép phu
thudc cac nha san xuat mau chuan nudc ngoai véi chi phi cao, chua c6 nha san xuat trong
nude ddi voi cac miu chudn nude va thuc pham. Nghién ciru ndy nhim dua ra duoc quy
trinh san xuat mau chuan phan tich kim loai nang Pb, Cd, As va Hg trong nudc. Cac mau
san xudt da dat duoc d6 dong nhat va on dinh trong thoi gian 318 ngay ké tir ngdy san xuét.
Vi cac gia tri cla mau chuin phu hop véi néng dd can phan tich cta cac kim loai ning
trong mau nudc thong thudng. Do khong dam bao do trong khoang tir 7,0 - 21,7 %. Cac
mau nay c6 thé duogc sir dung dé kiém soat chat luong ndi bo cho cac phong thir nghiém.
Két qua nghién ctru dua ra quy trinh chuan cho céc 14n san xuat sau cho miu phan tich kim
loai ning trong nudc va ciing 13 tién dé dé tiép tuc nghién cru cic mau chuin véi nén mau
va cac chi tiéu phan tich khac.

T khoa: mdu chuan, san xudt mau chuan, nuoc, kim loai nang, Pb, Cd, As, Hg.

1. PAT VAN PE

Mau chuan 1a cong cu chinh dé dam bao chat luong va do tin ciy cia két qua thu
dugc trong phan tich va thir nghiém. Mau chuan, dugc cung cdp boi nha san xuét co nang
luc - dap tmg yéu cu cua ISO 17034, dong vai trd quan trong trong xac nhan gia tri sir
dung cua phuong phap, kiém soat chat lugng thir nghiém [1,2].

Vién Kiém nghiém an toan vé sinh thuc pham qubc gia vé6i vai tro 1a phong thi
nghiém kiém ching vé kiém nghiém an toan thyc pham nén viéc dam bao gia tri sir dung
cua két qua thu nghi¢m luén dugc dat Ién hang dau. Vién khong chi tham gia rat nhiéu cac
chuong trinh thir nghiém thanh thao ma con phai st dung nhiéu loai mau chuén, mau tham
chiéu dé kiém soat trong qua trinh thir nghiém gitip dam bao tinh chinh x4c cta két qua thir
nghiém. Ngoai ra, Vién ciing 1a noi dé cac phong thir nghiém thuc pham tim kiém sy hd
trg vé& thong tin va ngudn mau chudn, mau tham chiéu. Do d6 san xuit miu chuin 12 mot
trong nhitrng nhi€ém vu can thiét ddi véi hoat dong cua Viégn.
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Pé kiém soat chét luong thtr nghiém, phong thtr nghiém co thé lya chon nhiéu
phuong phap dé dam bao gia tri sir dung ctia két qua thir nghiém nhu tham gia thir nghiém
thanh thao, so sanh lién phong, st dung mau chuin hodc mau kiém soat chit luong noi
bd,... [1]. Str dung mau chuin hodc mau kiém soat cht luong 1a mot trong nhitng lua chon
cho cac phong thir nghiém. Phong thir nghiém c6 thé chi dong trong bé tri danh gia va
thiét ké thi nghiém ma khong bi anh hudng boi cac didu kién khach quan nhu: viéc tham
gia thir nghiém thanh thao doi khi khong kha thi do khong dam bao kinh phi tham gia,
khong c6 nha cung cap hodc khong co chwong trinh phit hop véi nén miu va chi tiéu can
tham gia. Mic du, nhu cau sir dung miu chuén trong phong thir nghiém 1a thiét yéu nhung
chua c6 nha san xuit mau chuan trong nudc dap Gmg nhu cau cta cac phong thir nghiém.

Nudc 1a ngudn nguyén liéu thiét yéu trong cudc sdng sinh hoat hang ngay. Nudc
nhiém kim loai ning anh huéng dén an toan thuc phdm va strc khoe nguoi dan. Dé kiém
so4t an toan thuc pham trong nudc, viée san xuit mau chuan kim loai nang (Pb, Cd, As va
Hg) trong nudc 1a can thiét. QCVN 6-1:2010/BYT quy dinh giéi han toi da ham luong cac
kim loai Pb, Cd va As trong nuéc khoang thién nhién va nudc uéng déng chai tuong tng 1a
10; 3; va 10 pg/L; gidi han ti da ctia Hg trong nudc khoang thién nhién 1a 1 pg/L con
trong nudc udng déng chai 1 6 pg/L [3].

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Pdi twong/vat liéu nghién ciru

Mau chuén kim loai nang Pb, Cd, As, Hg trong nudc.
2.2. Hoa chét, chit chuén

Cac chuan kim loai ning hing Merck c6 ham luwong 1000 ppm: Pb (code
1197770500, lot HC99014576), Cd (code 1197760500, lot HC01336077), As (code
1197730500, lot HC02068273), Hg (code 1702260500, lot HC87404326). Ngoai ra, cac
hoa chat dugc dung trong nghién ctru bao gébm dung dich HNO; 65 % ciia hing Merck va
cac dung cu, hoa chit chat thong thuong cta phong thir nghiém dwgc mua tir cac hing c6
uy tin va dat d6 tinh khiét can thiét cho nghién ctru.
2.3. Thiét bi

Viéc phan tich miu dé danh gia do dong nhat va 6n dinh str dung thiét bi khéi phd
plasma cao tin cam tmg (ICP-MS). Str dung may tron dong nhat chat 1ong, may han seal va
dong nép dé tao mau va mot sd thiét bi, dung cu thong thuong khac ctia phong thi nghiém.
2.4. Phuwong phap nghién ciru
2.4.1. Danh gia nguyén liéu

Nguyén lidu duge kiém tra va danh gia theo cac QCVN, TCVN hién hanh. Nudc
nguyén liéu duoc kiém tra cac chi tiéu kim loai [4] theo QCVN 6-1:2010/BYT. Bao bi
dung mau duogc kiém tra cac chi tiéu theo QCVN 12-1:2011/BYT [5].
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2.4.2. Tao mau

Mau nuéc: st dung nudc qua hé théng loc siéu sach, diéu chinh dén pH tur 1 dén 2
[6], b sung cac chudn vdi nong dd phu hop, dong nhat va chiét miu vao chai nhwa, dong
nap kin [7]. Cin ¢t quy chuan k¥ thuat QCVN 6-1:2010/BYT dé tinh toan du kién ham
lwong Pb, As lan lugt 1a: 20 - 25 pg/L, Cd 1a 5 - 10 pg/L, Hg 1a 1 - 3 pg/L. Quy trinh san
xuit mau cu thé nhu & Hinh 1.

[ HNO3 65 % ]

Chuan: Pb, Cd, As,
Hg 1000ppm
(Merck)

A

\ 4

Hinh 1. Quy trinh san xuat mau chuan kim logi ndng trong nuoc

2.4.3. Phdn tich mdu déanh gid két qua dong nhat, on dinh

Trong $6 16 mau duoc tao, chon ngﬁu nhién 10 mau, kiém nghiém céc chét phan tich.
Panh gia sy khac biét giita cac két qua cé y nghia thong ké hay khong dé két luan 16 mau
c¢6 hay khong tinh dong nhét [8,9].

Panh gia d6 6n dinh theo thoi gian: Mau dugc bao quan & diéu kién 25 + 5°C trong
phong lru mau duge kiém soat nhiét do va do 4m hang ngay. Trong thoi gian tir ngdy san xuit
dén 9 thang, mbi thang 1ay ra 2 hodc 3 mau ngau nhién va sau 9 thang, chu ki mdi 3 thang lay
t6i thidu 2 mau, kiém nghiém va danh gia két qua, kiém tra d6 6n dinh ctia mau [8].

Panh gia do 6n dinh bang 130 héa cap tdc va udc tinh thoi gian: Mau duge dé trong
td vi khi hau dé 130 hoa cép toc & 45 + 2°C, dinh ki mdi thang ldy t6i thiéu 2 mau kiém
nghiém [8].
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X4c dinh ham luong kim loai niang (Pb, Cd, As, Hg) c6 trong mau theo phuong phap
SMEWW 3125B bang thiét bj ICP-MS [4]. Cac phuong phap da duoc cong nhan phu hop
ISO/IEC 17025.

2.4.4. Xac dinh gia tri an dinh va dé khong dam bao do cua gia tri an dinh

Gia tri 4n dinh x4c dinh bang cach giri mau dén 17 phong thir nghiém dugc lya chon
c6 du ning luc. Cac gia tri thu duoc duoc xtr 1y loai bo gia trj thé bang kiém dinh Grubb
don. Gia tri 4n dinh dugc tinh nhu sau [8]:

Trong d6: Xrwm: gid tri tham chiéu
Xi: gia tri thu dugc ctia phong thur nghiém thir i
p: s6 luong phong thir nghiém
D¢ khong dam bao do cua gia tri 4n dinh duoc biéu thi qua dg khong dam bao do dac
tinh, d¢ khong dam bao do dé)ng nhét va do khong dam bao do 6n dinh va duoc tinh nhu
sau:

[
Ucgm = .,q||uEhar + Uhom + Upee
Trong d6: ucrm: d6 khong dam bao do cua gia tri tham chiéu
Uchar: 40 khong dam bao do dac tinh cta cac phong thir nghiém
Unom: d0 khong dam bao do cia nghién ciru d6 dong nhat
uis: d§ khong ddm bao do cta nghién ctru do on dinh dai han
2.4.5. Xur Iy 56 liéu
Str dung phan mém R phén tich phuong sai mot yéu t6 (one-way analysis of variance
— ANOVA) dé danh gi4 tinh ddng nhat, kiém dinh F.test va T.test dé danh gia do 6n dinh
va Microsofl Excel dé danh gia do on dinh dai han va xac dinh gia tri 4n dinh, do khong

dam bdo do cua gia tri an dinh.

3. KET QUA VA BAN LUAN
3.1. Kiém tra nguyén vit liéu

Chai dung mau nudc dugc lua chon 1a chai nhya PP, hiang SPL, xuat xt Han Quéc,
dung tich 250ml va dat cac yéu cau theo quy dinh tai QCVN 12-1:2011/BYT.

MaAu nudc nguyén li¢u dugc lya chon 1a nudc qua hé théng loc siéu sach Milli-Q
Integral (hang san XUAt: Merck). Tai thoi diém léy mau, cac thong s6 vé dién tro suit, do
dan dién dap tng yéu cAu cta nha san xuit. Mau cling dugc kiém tra chi tiéu Pb, Cd, As,
Hg, cac két qua thu duoc déu dat yéu cau theo QCVN 6-1:2010/BYT.
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3.2. Quy trinh tao miu

Thyc hién theo quy trinh tao miu dwa ra va cin c cac néng d6 QCVN 6-
1:2010/BYT d4 tao ra duoc 16 mau gém: 180 chai nude x250 mL/chai.
3.3. Két qua phan tich do dong nhat

Sau khi tao duoc 16 miu, mau duoc sip xép lan luot va danh thir tw tir 1 dén hét theo
thir tr ting dan. Lya chon 10 mau ngdu nhién phén tich va danh gia d6 ddng nhét. Két qua
phan tich va danh gia 46 déng nhat mau nudc duoc dua ra & Bang 1.

Bing 1. Két qua kiém nghiém déanh gia do dong nhat ham heong As, Cd, Pb, Hg trong mau

Két qua (ug/L)

TT  Miu so Pb cd As Hg

Lianl Lan2 Lanl Lan2 Lanl Léan2 Linl Lan?2

1 128 21,7 21,5 7,26 7,41 23,8 22,7 1,30 1,27
2 152 20,9 21,3 7,31 7,38 23,1 234 1,26 1,31
3 68 21,5 21,9 7,46 7,16 23,8 22,1 1,29 1,24
4 32 22,0 214 7,4 7,41 243 23,8 1,2 1,26
5 23 20,5 21,2 7,38 7,26 22,7 24,3 1,23 1,2
6 151 22,9 21,5 6,45 6,61 243 233 1,26 1,29
7 75 21,9 21,7 7,38 7,46 24,7 233 1,24 1,21
8 45 21,9 21,8 7,46 7,41 243 234 1,21 1,19
9 142 21,3 214 7,41 7,38 23,8 223 1,28 1,26
10 126 21,9 21,3 7,26 5,79 24,1 234 1,23 1,28

Str dung phan tich ANOVA phuong sai mot yéu td trong phian mém R thu duoc cac
gia tri P-value > 0,05. Do vy su khac biét giita cac mau khong c6 ¥ nghia thong ké. Vay
mau dat 46 ddng nhat ham luong Pb, Cd, As, Hg.

3.4. Két qua theo déi va phén tich d9 6n dinh

Mau dugc danh gia d6 6n dinh ¢ 2 diéu kién: & nhiét 6 phong tai kho luu mau duoc
kiém soat nhiét o, do 4m hang ngay va ¢ ti vi khi hau.
3.4.1.Theo doi ¢ nhiét do phong

Két qua phan tich theo ddi d 6n dinh duoc dua ra nhu Bang 2.
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Bing 2. Két qua phdn tich mau nude theo déi do on dinh

e . Ham luwong (ug/L)
st T ’;}‘1’;%‘” _Pb _ A5 __Hg
Lanl Lan2 Lanl Lan2 Lanl Lan2 Lanl Léan2
204 19,1 6,73 6,75 21,4 21,2 1,41 1,42
21,5 21,6 693 6,91 22,7 22,9 1,13 1,24
1 45 21,2 21,0 6,88 6,99 21,9 22,4 1,03 1,02
21,5 228 7,07 7,08 23,1 24,5 1,13 1,15
20,2 20,1 6,96 7,01 20,4 20,9 1,33 1,31
223 225 721 7,29 223 21,6 1,18 1,26
19,8 20,5 7,17 7,09 21,4 21,2 1,28 1,25
2 85 204 20,2 6,92 6,85 22,7 22,9 1,09 1,15
20,4 20,1 6,97 7,08 24,1 22,7 1,13 1,05
214 209 6,74 6,85 23,1 24,5 1,19 1,31
20,6 22,1 7,27 6,93 21,9 22,4 1,21 1,25
20,7 20,5 7,21 7,29 22,1 21,6 1,25 1,23
3. 105 22,1 209 7,17 7,09 22,4 22,3 1,06 1,05
20,6 21,6 6,74 6,85 243 23,8 1,14 1,16
209 21,7 7,05 6,96 24,7 24,3 1,10 1,27
20,8 21,1 7,41 7,16 21,2 21,3 1,21 1,23
21,1 21,3 741 7,35 23,1 24,3 1,19 1,18
4. 146 22 20,6 7,38 7,26 23,8 22,3 0,98 0,95
214 21,3 6,54 6,75 24,1 23,3 1,14 1,16
214 21,3 738 7,46 23,2 21,9 1,09 1,19
5 152 224 21,9 6,97 7,01 23,7 23,4 1,05 1,02
199 19,8 6,82 6,85 20,4 20,9 1,23 1,21
19,8 19,2 7,13 7,09 21,2 20,8 1,17 1,13
6. 168 21,7 20,9 6,44 6,2 20,8 20,2 1,19 1,21
20,0 192 6,72 6,56 22,7 21,9 0,95 0,99
22,0 21,0 6,63 6,74 22,3 22,8 1,12 1,14
7. 227 19,7 20,2 6,75 6,67 23,2 23,1 0,97 0,94
19,1 198 6,79 6,81 20,1 20,2 1,11 1,13
21,5 21,7 6,66 6,69 21,9 22,4 0,98 0,92
8. 318 20,2 21,9 6,96 6,98 20,3 20,2 1,05 0,99
196 19,7 7,09 6,98 22,1 21,8 1,21 1,09

St dung kiém dinh F-test va T-test trong phan mém Excel thu duoc cac gia tri P-

value > 0,05 do d6 su khac biét gia tri trung binh giita hai mau phan tich lap va cac lan

phan tich khong c6 ¥ nghia thong ké. Céac bién d6i nay c6 thé do sai sd ctia phuong phap

phan tich. Ham luong Hg c6 xu hudng giam dan theo thoi gian. Bién d6i nay c6 thé do sai

sd ctia phuong phéap phan tich hodc do Hg bi giam di do viéc hdp phu vao thanh binh. Nhu

vay miu dat d6 6n dinh dén thoi diém 318 ngay ké tir ngdy san xuit ¢ diéu kién nhiét do

thuong (25 +2°C).
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3.4.2.Theo doi o tu vi khi hdu
Diéu kién cai dit tai ta vi khi hau: nhiét do: 45 £ 2°C, d6 4m: 75 + 5 %. Két qua dugc
danh gid ¢ Bang 3.

Bing 3. Két qua phan tich ham lwong kim loai trong mdu

Thoi Ham luong (ug/L)
STT  gian Pb Cd As Hg
8%Y) yan1 Lén2 Linl Lén2 Linl Lin2 Linl Lin2
201 199 751 7,51 229 224 029 028
199 197 7,52 739 225 228 037 033
205 212 761 810 236 218 <050 <0,50
20,1 208 7.66 7,88 234 248 <050 <0,50

1. 30

2. 44

Cac két qua duoc danh gia so voi két qua déanh gia do dong nhat. Cac gia tri Pr >
0,05 ddi véi ham luong Pb, Cd, As, do vay khong c6 su khac nhau giira cac mau. Doi véi
ham luong Hg khong 6n dinh do tinh chat ciia Hg dé b bay hoi.

D6 6n dinh ciia miu duoc woc tinh bang phuong phap Q10. Két qua du kién mau on
dinh trong 293 ngay ddi v6i ham lugng Pb, Cd, As trong nude ¢ nhiét @6 25°C. Vi tinh
chat d& bay hoi ctia Hg nén khong theo ddi va danh gia chi tiéu nay ¢ diéu kién nhiét do
cao, nhom sé tiép tuc theo ddi do on dinh ¢ nhiét do phong.

3.5. Gia tri 4n dinh va d§ khong dam bio do

Mau duoc giri t6i 17 PTN yéu cau phan tich cac chi tiéu Pb, Cd, As, Hg. Gia trj 4n

dinh va d¢ khong dam bao do dugc trinh bay & Hinh 1, 2, 3, 4.

ng/L
27.9 A
26,2 4 24,96 25
P g Em—— s e—— o e— . E— . E— . —— )
24,6 4 EAS 23,17 FAAN
. 225 \
229 4 - & i X
/ E 21 FARSET \ /! 22
21,3 4 .-‘—,'_i-eum r-"'\ = am ccxy A 3
M6 g 21585y o7 21T / N/ e300
19,6 h * A ) CYTl
20,216 Y L
18.0 4 19,3 ‘— 18 19
* P v e e e s e s e e+ o s )
16.4 -
14,7 1
13.1
- (=] o -+ w, o - =] (=2 (=] — [} - -] (=) (=] v— o1
[—] [—] [—] [—] [—] [—] [—] [—] [—] — — — — — (] [} (]
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Hinh 1. D6 thi biéu thi gia tri an dinh, PKPBP va két qua cua cac PTN voi ham luong Pb
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ng/L
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Hinh 2. D6 thi biéu thi gid tri an dinh, DKPBP va két quad cua cac PTN voi ham luong Cd

pg/L
252 1
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Hinh 3. Do thi biéu thi gid tri dn dinh, PKPBP va két qua ciia ciac PTN véi ham leong As

ng/L
1,54
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Hinh 4. Po6 thi biéu thi gid tri an dinh, DKPBP va két qua cua cac PTN voi ham luong Hg

Cac két qua cho gia tri 4n dinh va do khong dam bao do cuia ham luong Pb 1a 21,3 +
0,748 ng/L; ham lugng Cd la: 6,60 = 0,712 pg/L; ham lugng As la: 21,0 + 2,283 pg/L va
ham lugng Hg 1a: 1,02 + 0,096 pg/L.
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Nghién ctru nay con han ché vé diéu kién nghién ctru (thiéu ti vi khi hau) nén nhém
nghién ctru chi thuc hién theo ddi d6 6n dinh trong diéu kién 130 héa cip tdc véi thoi gian
ngan. Nhom nghién ctru s& tiép tuc theo ddi san pham & diéu kién nhiét d6 thuong & cac
thoi diém 12, 18, 24 thang dé danh gia han st dung t6i da ctia san pham.

4. KET LUAN

Nghién ctru dd dua ra quy trinh chuan cho san xuit mau chuan phén tich kim loai
ning (Pb, Cd, As, Hg) trong nudc; mau 6n dinh trong thoi gian 318 ngdy véi cc gia tri an
dinh cua ham lugng Pb, Cd, As, Hg va do khong dam bao do lan luot 1a: 21,3 + 0,748; 6,60
+0,712; 21,0 = 2,283; 1,02 = 0,096 pg/L.

LOI CAM ON
Nghién ctru nay dugc tai trg boi Vién Kiém nghiém an toan v¢ sinh thyc phém quéc
gia voi ma s6 dé tai TN.20.07.
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Nghién cu va sdn xudt m&u chudn kim logi nang (As, Cd, Pb, Hg) tfrong nudc

Study on the Production of Reference Material of
Heavy Metals (As, Cd, Ph, Hg) in Water
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Abstract

Reference materials are an important tool in ensuring the validity of testing results.
The use of standard materials in Vietnam is currently limited because the supply depends
on foreign standard material manufacturers at a high cost, and there is no domestic
manufacturer for water and food reference materials production. This study aims to
provide a procedure reference materials production for heavy metals Pb, Cd, As, and Hg
analysis in water. The reference materials were homogenized and stable for a period of 318
days from the date of manufacture. With the assigned values consistent with the
concentration to be analyzed of the heavy metals in the normal water sample. The
measurement uncertainty ranges from 7.0 to 21.7 %. These reference materials can be used
for internal quality control for laboratories. The research provides a standard procedure for
the following production times for reference materials for heavy metal analysis in water
and also a premise for further research on standard samples with matrix and other
analytical criteria.

Keywords: Reference material, reference material production, water, heavy metal
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