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SUMMARY

DETERMINATION OF THE ANALYTICAL PROCEDURE OF
HEAVY METALS IN ALCOHOL BEVERAGES IN VIETNAM
USING ICP/MS METHOD

This research was implemented in order to investigate the analytical procedure
for heavy metals in alcoholicbeverages through several steps such as removal of
ethanol content, sample digestion by microwave method and then analysis on the
ICP/MS instrument. The results were applied to identify heavy metals as Ti, Cr,
Mn, Co, Ni, As, Ag, Cd, Pb in 19 samples belonging 8 different alcoholic
beverages. The analytical procedure was investigated with the recovery values
ranging between 67.4 — 117.5% and corelation coefficient was higher than 0.999.
Concentrations of these heavy metals found in all vodkas were very low.
Moreover, concentration of Pb, the most toxic heavy metal, found in these wine
samples was lower than Vietnamese standard regulation by Ministry of Health of
200 pg/L.
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1. MO PAU quy dinh dugc rat it cac chi tiéu (ddi
Theo T6 chic Y té thé gigi WHO, c6 véi kim loai nang, chi c6 chi (Pb) va
khoang 60 loai bénh khac nhau lién thiéc (Sn)). Cac kim loai nang vén
quan dén thoi quen sir dung bia ruou c6 doc tinh cao, khi xa&m nhap vao
nhu gan, da day, tim mach.... Mat co thé con nguoi s& anh huong téi
khac, trong Quy chuan ky thuat qubc stc khoe, dic biét 1a chi (Pb), asen
gia d6i véi cac san pham db uéng co (As), va cadimi (Cd). Kim loai ning

con (QCVN 6-3:2010/BYT) méi chi c6 thé xam nhap vao co thé con
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nguoi chu yéu thong qua dudng tiéu
hoa va hd hap.

Ruou 1a mot loai dd udng co con véi
nén phuc tap, bén canh nudc, dudng
va con con chia mot loat cac thanh
phan khéc, ca vo co va hitu co. Cac
thanh phan cia ruou anh huong boi
nhiéu yéu t6 lién quan nhu nguyén
licu, dat, khi hau, van héa, qué trinh
san Xuat, van chuyén va bao quan. Do
do, viéc nghién ctru va phan tich cac
kim loai, dac biét la cac kim loai nang
trong thuyc pham né6i chung, trong
rugu noi riéng va tac dong cua ching
t6i co thé con nguoi nham dé ra céc
bién phap tdi uu bao vé va cham soc
sac khoé cong dong la mot viéc vo
cuing can thiét.

Phuong phap pho khdi két hop
plasma cao tan cam tng (ICP-MS) la
mot trong nhitng phuong phap vu viét
gitip xac dinh nhanh nhiéu kim loai
cung mét lic véi do nhay, do chinh
X4&c rat cao, do 1ap lai tét, s& duoc sir
dung dé phan tich ca&c mau ruou thu
thap duogc. Trudc khi phén tich céac
kim loai nang trong rugu, phuong
phap xir li mau ruou trong nghién ctu

nay ciing sé& dugc dé cap nhim dao
bao quy trinh phan tich téi wu, két qua
phén tich chinh xac.

2. THUC NGHIEM

2.1. Hoa chat, thiét bi thi nghiém

- Nudc siéu sach (Elga, Anh),

- Axit HNO3; dac 65% ( Merck,
Germany),

- Hydropeoxit H,O, 30% (Merck,
Germany),

- T4t ca cac ong li tam, éng phan Gmg
teflon, lo dung miu, cac d6 dung
bang nhya dé ldy mau, bao quan mau
déu 1a méi hogc da dugc lam sach
bang cach ngadm 24 gio trong HNO3
10% sau d6 rira bang nudce siéu sach.

- Cac dung dich chuan gbc: Chuan
hon hop: Ti, Cr, Mn, Co, Ni, As, Ag,
Cd, Pb néng do 100 ppm - 1000ppm
(Sigma Aldrich).

2.2. Thu thdp va xi ly mdu

a. Lay mau: Tong s6 19 miu ruou
duoc chia thanh 7 loai ruou da duoc
thu thap trén dia ban thanh phé Ha
Noi trong khoang thoi gian tir thang 6
- 12/2016 gom cac loai theo bang 1
nhu sau:

Bdng 1: Cac loai rurou thi nghiém

TT Loai ruou Ky hiéu S6 lwong mau

1 | Ruou san xuét theo phuong phap thi cong A (A1-A5) 05
2 | Ruou san xuat theo day chuyén céng nghiép B (B1-B3) 03
3 | Ruou ngadm thyc vat theo phuong phap thu cdng C (C1-C4) 04
4 | Ruou ngam thyc vat trén day chuyén cong nghiép D (D1-D2) 02
5 | Ruou vang Viét Nam E (E1-E2) 02
6 | Ruou Ién men thii cong (sir dung truc tiép) F (F1-F2) 02
7 | Ruou Vodka nhap khau G (G1) 01

Tong s6 19
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b. Bao quan mau: Mau dugc thu thap
s€ dugc bao quan trong tu lanh &
nhiét do 4°C va phan tich trong thoi
gian 6 thang ké tir khi dugc thu thap.
2.3. Phwong phdp phdn tich

Cac kim loai trong cdc mau ruou
duoc xir ly mau va phan tich dya trén
phuong phap tiéu chuan AOAC
2015.01 dung phén tich kim loai nang
trong ruou ¢6 mot sé thay d6i nho cho
phl hop diéu kién phan tich [1], st
dung phuong phap xur ly mau bang 10
Vi s6ng va phan tich trén thiét bi khoi
phd két hop plasma cao tan cam Gng
ICP-MS 7900 Agilent[2]. Cac diéu
kién hoat dong cua thiét bj phan tich
duoc tdi wu dé phan tich cac kim loai
trong rugu nhu sau:

Bang 2. Diéu kién pha mau cua lo vi

song
u e T T
(& u €
doan  dd (°C i ;
oan 4o (C) " hi (pht)
1 150 15 10
2 30 15 10

Thiét bi ICP-MS 7900 Agilent duoc
van hanh ¢ cac diéu kién: cong suat
cao tan 1600W, do sau liy mau 10
mm, khi mang 0,7 L/phat, khi phu trg
0,3 L/phut, dau phun swong nhu dong
Micro Mist, nhiét d6 khoang phun
2°C, téc do dong khi Heli 4,3
mL/phdt, téc do dong khi hydro 4,2
mL/phdt, tbc d6 bom nhu dong 4,2
r/s.

2.3.1. Khao sat qué trinh xir i mau:
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Phuong phap loai bo etanol trong
ruou: C4C mau rugu thong thuong cé
ham luong etanol khoang 10-45%.
Etanol & cht d& bay hoi, do dé trudc
khi mau dugc xir ly vi song & nhiét do
cao, dac biét khi stir dung 10 kin, tranh
hién tugng etanol bay hoi nhiéu dan
dén ap suat qua 16n co thé 1am nd bng
Teflon thi phai tién hanh loai bét
etanol. C6 nhiéu phuong phap dé loai
etanol, & day hai phuong phap duoc
sir dung 1a dun mau trén bép dién &
khoang 80°C dé etanol bay hoi va ¢
quay dé dudi etanol. P& so sanh hai
phuong phap nay, viéc thém chuan
ngay tir dau trude khi dun/co quay voi
mot mau ruou sau d6 so sanh hiéu
suat thu hdi da dugc thuc hién. Két
qua thu dugc cua phuong phap nao
cho hiéu suat thu hoi cao, phuong
phép nhanh va thuan tién sé ap dung
dé tién hanh loai bot etanol trong
ruou.

2.3.2. Qua trinh phan tich

2.3.2.1. Xay dyng dudng chuan
Puong chuan caa hdn hop cac kim
loai dugc pha tir cac dung dich chuan
gbc da néu trong myc 2.1. Trudc tién
pha dung dich chuan hdn hop c6 nong
d6 500ppb. Tir dung dich chuan hdn
hop 500ppb pha day dung dich chuan
c6 ndng do tir 0-100 ppb va bom 1én
thiét bi ICP/MS thu duoc cac duong
chuan cua cac kim loai nhu trong hinh
1 sau:
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Hinh 1. Pwong chuan cia c&c kim logi ngng nang trong nghién cizu nay
2.3.2.2. Quy trinh phan tich mau

50 ml mau regu

v

Pun & 80°C/ ¢6 dudi etanol

v

Con khoang % V (40 mL)

v
Binh mic 1én 50ml, hit 1y Sml

\

Thém 2,5m1 HNO; 63%, 2ml H,0, 30%

!

Thém khoang Sml nuée cét

Phd mau bing vi séng

v

DBinh mtc [&n 50ml, loc

v

Phan tich bang ICP- MS

Hinh 2. Quy trinh phan tich kim logi ngng trong mau rurou
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Quy trinh phan tich mau duoc trinh
bay trén hinh 2. L4y chinh xac 50ml
mau ruou bang binh dinh muc, cho
mau vao cbc thay tinh chiu nhiét
dung tich 100ml, dun & 80°C cho
etanol bay hoi dén khi con khoang 3/4
thé tich, lay ra va dinh muc 1én 50ml.
Hat 5ml mau cho vao 6ng Teflon,
thém 2,5ml HNO; dac 65%, 2ml
H.O, 30%, thém khoang Sml nudc
cat. Pay nap ng va vin chat dé dam
bao hé kin, cho vao xu li trong 10 vi
séng véi ché do dugc cai dat nhu
trinh bay ¢ bang 2. Bé ngudi mau dén
nhiét do phong va mé tir tir, cho mau
vao 4ng li thm dung tich 50ml, trang
ria sach 6ng teflon bang nudc siéu
sach va dinh muc 1én 50ml. Loc mau
bang gidy loc bang xanh vao ong li
tam khac, sau d6 cho mau vao lo
dyng mau va tién hanh phan tich ham
lwong kim loai trong miu bang thiét
bi ICP-MS.

2.3.2.3. Panh gia hiéu suat thu hoi
cua phuong phap

Hiéu suat thu hoi cua phuong phap
dugc danh gia bang phwong phap
them chuan: 40ml miu ruou dugc
thém 10ml dung dich chuan 50ppb,
mau thém chuan chia chuan 10ppb
cac chat can phan tich trong mau. Sau
d6 mau dugc loai bo etanol dén khi
con khoang ¥ thé tich, liy ra va dinh
muc 1én Sml. Sau d6 tién hanh tuong
ty nhu véi mau thuc khong thém
chuan. Voi cac miu c6 ham luong
vugt duong chuan, tién hanh pha
loAing mau voi hé sé pha lodng pho
hop, sau d6 tién hanh thém chuan va
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phan tich tuong ty. C4&C mau trang
déu duoc tién hanh song song trong
suét qua trinh phan tich nham dam
bao qua trinh phan tich khéng bi anh
huong boi cac chat nhidu hay nhiém
ban.

3. KET QUA VA THAO LUAN

3.1. Két qud khdo sat qua trinh xz I
mau

3.1.1. Phuong phap loai bo etanol
Du6i day la két qua khao sat hai
phuong phép dun trén bép dién o
80°C va cb quay dé dudi etanol trong
mot mau ruou ngdm thuc vat theo
phuong phap thu cong (C) va dugc
trinh bay trong bang 3.

Bang 3. So sanh nong dé cua cac kim
logi do durgc sau khi thém chudn
10ppb vao mdu rwou ngam thyc vat
theo phwong phdp thi cong (C) va su
dung cac phuong phdp loai bo etanol

khac nhau
Kim Str dung phuong Sir dung
. phap dun § 80°C  phuong phap co6
loai
(ppb) quay (ppb)

Ti 9,24 11,61
Cr 11,40 10,35
Mn 7,56 8,99
Co 10,37 9,68

Ni 11,03 9,18
As 11,75 12,25
Ag 7,85 9,88
Cd 10,18 7,61

Pb 10,21 6,28

Tu két qua ndy c6 thé thay ca hai
phuong phap déu cho két qua kha tét,
nong d6 cua cac kim loai nang phan
tich dugc kha cao. Trong truong hop
su dung bép dun, néng d6 thu hdi cua
cac kim loai dao dong tur 7,56— 11,75
ppb trong khi st dung cé quay thi



hiéu suét tir 6,28 — 12,25 ppb. Bdi voi
phuong phap str dung ¢d quay, nong
d6 cac kim loai dao dong I6n hon khi
st dung phuong phap dun bay hoi c6
thé 1a do cac kim loai bi 16i cudn cuing
etanol trong trong qua trinh bay hoi
nén dan dén viéc hiéu suat thu thap,
khéng 6n dinh. Mat khac phuong
phap dun trén bép dién nhanh hon,
don gian hon nén dugc uu tién su

Bang 4. Hiéu sudt thu hai (H%) cua
cac kim logi trong mdu thém chudan

10ppb truoc khi dun
K'”.‘ Ti Cr Mn Co Ni
loai
H (%) | 92,4 | 114,0 | 75,6 | 103,7 | 110,3
Kim loai As Ag Cd Pb
H(®) | 1175 | 67,4 | 101,8 | 1021

Két qua thu dugc cho thdy hiéu suat
thu hoi ciia mau thu duoc tir 67,4% -
117,5%, thap nhat 1a Ag véi hiéu suat
thu hoi 12 67,4% va cao nhat 1a As voi

dung. ’ ‘ 117,5%. Hiéu suit nay hoan toan
3.1.2. Hiéu suat thu hoi cua phuong chap nhan duoc trong qua trinh phén
phap tich lwong vét cac kim loai ning trong

Khao sat qua trinh xa i mau bang
cach thém chuan trudc khi tién hanh
dun mau ruou di duoc thuc hién.
Bang 4 trinh bay két qua hiéu suat thu
hoi trong qué trinh i ly mau va phan
tich ddi véi cac mau thém chuan.

C4C mau ruou.

3.2. Két qud mdu rwou

Sau khi tién hanh khao sat dé dua ra
quy trinh x&r 1i mau téi vu, chung t6i
da thu duoc két qua ham luwong kim
loai trong cdc mau rugu nhu sau:

Bang 5. Két qua phan tich cac kim logi trong cac mau rueou

. x Nong do6 cac chat phan tich trong mau (ppb
Nhom | Mau - — Cr Mn 1 Co | N As (fg) Cd Pb
Al 1,78 5,42 99,30 1,67 4,41 1,28 3,27 0,06 4,91
A2 5,92 42,60 35,98 0,99 | 23,64 3,29 1,41 0,28 14,52
A A3 2,08 2,99 1,40 0,14 | 35,69 1,63 2,64 <0,006 4,91
A4 5,94 18,14 17,65 0,56 | <0,160 1,26 1,36 0,58 3,27
A5 11,49 19,56 38,38 0,83 | 433,64 2,75 1,84 0,38 <0,567
Bl 2,97 2,68 <0,026 | 0,22 | 23,74 0,06 14,71 <0,006 | <0,567
B B2 5,05 4,02 14,61 0,26 | 27,84 0,21 2,21 <0,006 6,55
B3 8,12 20,04 135,43 0,82 | <0,260 | 0,13 1,99 0,57 <0,567
C1 21,39 8,23 219,92 1,64 | 55,82 3,03 3,12 0,29 18,56
C C2 12,38 3,28 125,26 0,78 17,97 2,75 | <0,036 0,24 5,44
C3 32,97 6,46 240,25 1,73 | 4456 5,65 1,47 0,41 21,29
C4 26,73 7,55 188,70 148 | 30,72 8,18 1,13 0,40 14,74
D D1 16,42 14,33 91,20 1,31 | 29,95 3,42 6,35 0,69 34,04
D2 14,06 22,28 106,93 1,55 | <0,160 1,37 4,09 <0,006 22,93
El 72,78 | 52,43 820,24 | 4,30 4,44 12,93 2,21 1,06 18,01
E E2 4426 | 39,54 | 1461,43 | 6,70 7,16 5,32 1,33 1,27 13,10
F1 19,21 19,65 237,53 1,59 | <0,160 1,79 1,53 0,46 6,55
F F2 127,35 | 23,42 | 2717,66 | 1,63 | 213,98 1,30 2,33 4,49 6,55
G Gl 3,56 18,23 8,42 0,67 | <0,160 | 0,06 2,01 0,79 3,27
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Hinh 3. So sanh néng d¢ cua céc kim logi trong cac nhém mdu
ruou dwgc nghién cuu.

Tir két qua phan tich ta thiy: Nong do
Pb trong 19 mau duoc phat hién tur
dudi gioi han phan tich (<0,567 pg/L)
ddi véi cac rugu duoc san xuit theo
day chuyén cong nghiép (B1,B2,B3)
t6i gi tri cao nhat 1a ruou ngdm thuc
vat theo day chuyén céng nghiép la
22,93 va 34,04 pg/L (D1,D2). Tuy
nhién, Bo Y Té Viét Nam dua ra
muc gidgi han cho phép cua kim loai
Pb trong ruou vang la 200pg/L va
khong c¢6 quy dinh véi cac kim loai
khac theo QCVN 6-3:2010/BYT va
QCVN 8-2:2011/BYT [3][4]. Trong
nghién cau nay, hai mau ruou vang
(E1,E2) da duoc phan tich, ham
lwong Pb trong mau lan luot 12 13,10
va 18,01 pg/L va nho hon rit nhiéu
gioi han cho phép cua néng do6 Pb
trong ruou (200ug/L). Nhu vay trong
cac mau ruou thu thap, khong c6 mau
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ruou vang nao ¢6 ham luong Pb vuot
qua quy dinh. Cdc mau ruou chung
cat bang phwong phap thu céng, ruou
vodka nhap khau, ruou 18n men tha
cong, rwou duoc san xuat theo day
chuyén cong nghiép c6 ham lwong Pb
nho hon 10pg/1, dac biét c6 mot mau
ruou chung cit bang phuong phap tha
cdng, hai mau ruou san xuit theo day
chuyén cong nghiép khong phat hién
Pb trong mau. Thuc té thi cac mau
ruou ngam thuc vat theo day chuyén
céng nghiép duogc thu thap tai cac
siéu thi, cho mot cach ngau nhién.
Hon nita c6 rét it théng tin vé& nguon
g6c va cong nghé sir dung dé san xuat
ruou trong nha may. Do vay su c0
mat cta Pb & ham lugng cao hon so
véi cac loai mau rugc khac co thé
duoc giai thich c6 thé 1a do cac mau
rugu nay l1a cdc mau ruou ngam thuc




vat, do qué trinh pha ché tao mau
hodc sir dung cac thiét bi c6 thé co
chtra mot ham lugng chi nhit dinh s&
dan toi su tdn tai cua Pb cao hon so
VGi c&c mau ruou khéc.

T4t ca cac mau déu c¢6 ham luong As
nhé hon 10ug/L, ngoai trir 1 mau
rugu vang (E1) c6 ham luong As la
12,93ug/L.  Theo QCVN  6-
3:2010/BYT va QCVN 8-
2:2011/BYT thi khong quy dinh ham
luong As trong rugu vang. Tuy nhién
theo Quy dinh 46/2007/QD-BYT c6
quy dinh ham luong ti da cua mot sd
kim loai ning trong do udng co con,
dbi véi As, Cd, Pb trong dd ubng co
con khong vuot qua 0,2; 1,0 va 0,5
mg/kg [5]. So séanh véi c&c kim loai
dugc phat hién thi ta thiy rang ham
luong As duoc tim thdy trong céc
mau ruou tr 0,06 mg/L t&i 12,93
ug/L; ham lugng Cd trong cac mau
ruou tir dudi gidi han phat hién tai
4,49 ug/L. Két qua phan tich cho thiy
raing nong do6 kim loai trong tit ca
mau ruou déu khong vuot qua Quy
dinh 46/2007/QB- BYT. Céc nguyén
t6 vi lugng c6 thé gay hai khac nhu
Cr, Cd, Ni ciing c6 ham luong thap,
tat ca c4c miu déu c6 ham luong Cd
nho hon 10pg/L, Cr va Ni déu nam
trong khoang 10pg/L<C<10mg/L.
Ham lugng céac kim loai nay trong cac
mau rugu déu rt nho, ¢ ppb nén c6
thé coi 1a khéng gay anh huong téi
siac khoe nguoi ubng. Mat khac, cac
kim loai nay cling khong dugc quy
dinh trong cac van ban phap luat tai
Viét Nam hién hanh. Hinh 3 cho thay
nong do cua cac kim loai duoc sap
xép theo thur tu ting dan theo nong do
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la Cd < Co < As < Ag <Pb <Cr < Ti
<Ni< Mn. Néng do cua Mn trong cac
mau ruou la cao nhit, dao dong tur
<0,026ppb ddi v6i mau rugu tring
san xuat trén day truyén san xuét
cdng nghiép (B) dén 2717,66 ppb dbi
véi cdc mau ruogu 1én men thu cong
(F). Ham luong cua Mn cao ddi voi
cac loai ruou 18n men thi céng c6 thé
la do trong qua trinh san xuit ruou
duoc ché bién trén cac thiét bi dun,
nau hoic chung cit cd chira Mn dén
dén luong Mn trong ruou rat cao.

Nhu vay, tit ca cac miu ruou déu co
ham luong cac kim loai nam trong
khoang cho phép cuia cac nguyén té vi
lugng  (10pg/I<C<10mg/l),  céc
nguyén t6 c6 nguy co gy hai cho sic
khoe con ngudi déu & muc rat thap so
Vé6i quy dinh. Ching ta biét rang cac
kim loai nang xuit hién & trong ruou
c6 thé phat sinh tir cac cong doan
trong qué trinh san xuat ruou thong
qua mot sd ngudn nguyén lieu ban
dau [6]. Viéc st dung céc loai men
khac nhau, cac loai hinh san xuét
cling nhu cac thiét bi san xuit, dong
chai, luu git/bao quan va su pha
tron/lam gia c6 thé 1a nguyén nhan
dan toi s xuat hién caa cac kim loai
O trong ruQu.

4. KET LUAN

Trong nghién cau ndy moét phuong
phap phan tich kim loai nang da duoc
tién hanh dé xac dinh cac kim loai
trong d6 uéng c6 con (ruou san xuat
theo phuong phap thu cong, rugu san
Xuat theo day chuyén céng nghiép,
rugu ngdm thuc vat theo phuong phap
tha cong, rugu ngdm thuc vat trén day
chuyén céng nghiép, ruou vang Viét



Nam, ruou 1én men thu cong (st dung
truc tiép) va ruou vodka nhap khau)
bang thiét bi ICP/MS. Gigi han phat
hién dao dong tir 0,006-0,567ug/L, hé
s6 hoi quy tuyén tinh 13 0.9998 > R >
0.9994 d6i vai hau hét cac nguyén té
khang dinh rang phuong phap nghién
ciiu cho viéc xac dinh lugng vét va
siéu vét. Quy trinh phan tich da duoc
4p dung dé xac dinh ham luong mot
s6 kim loai niang trong mot vai loai
ruou dugc thu thap tai thanh phé Ha
Noi. Hiéu suat thu hdi caa cac kim
loai trong nén mau ruou tir 67,4 dén
117,5%. Két qua phan tich cho thay
khong phat hién dugc kim loai nang
(Pb) vuot qua so véi Quy chuan cho
phép cua Bo Y té d6i véi kim loai
nang (Pb) la 200ug/L. Cac kim loai
ning khic déu duoc phét hién véi
nong do rat thap va chua duoc quy
dinh giéi han cho phép trong cac vian
ban phap luat tai Viét Nam hién hanh.

LOI CAM ON

Nghién ctru nay duoc thuc hién trong
khuén khé cua dé tai nghién ctu khoa
hoc “Nghién ctu x&y dung quy trinh
phan tich mot sé chat nguy hai trong
ruou Viét Nam” (mi  sb
VAST.CTG.05/15-16), Hop phan 2
Vv6i ndi dung nghién ctu “Phat trién
phuong phap nhan dang chat doc trong
thuc pham” Ma sd
VAST. TD.TP.02/16-18) thudc du an
“Nghién ctru xac dinh chat doc trong
bao quan va ché bién thyc phdm” (M3
s6 VAST.TD.16-18) do Vién Han 1am

61

Khoa hoc va Céng nghé Viét Nam phé
duyét va cap kinh phi thuc hién.
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