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Tab. 1 Sources and concentration of heavy metals in Chinese Baijiu
e FHEEE)E o/ (pg L") KU FEEEE o/ (pg L)

—_— Ph 1.43 ~46. 31 I Cd 2.417 ~2.718
Cd 6.44 ~8.69 Cd 0.246 ~0.271
Pb 0.04 ~0.05 Pb 0.56 ~1.27

S——_— Cd 0.01 e — Cd 0.03 ~0. 36
Ni 5.37~6.77 Zn 7.05~25.53
Zn 1.79 ~2. 67
Pb 11. 67 ~799. 00
Cd 0. 060 ~ 1. 196 QB 2 4 [ S e

LRI AF B 16 -1 Zn 7.771 ~8451.215 LEGLREPS YIS Yl Pb <500

Co 1.281 ~6. 663 (GB 2762—2017) {177 2!
Ni 4.48 ~47.38

FRAE N <0.5 mg/kg, % 1 kg AT 1 Lit,

2 BEAXFHNEEZR

2.1 BESRKNEEEXRR

YRR B I Y R 2 AR A A e, B A2
(A 7" BRI Mt R R R AR R
B EL £, H R B F A SR Sio, | Fe, 0, TiO, |
MgO .CaO K,O Na,0 2484412 15 1 200 °C K&l
JE A5 2 A B B T K, ELRKR S FLRELT

FEBRPE A RE GRS B e 22 a8 1 AL 4 = BEL PR
P B R R R b 5 3 ek it R T2 A P
ERAAR P A1 2 TG o — )22 2L T B B b S5 A R
R e e ) g 2, o PhO B R
Eik 41.47% ~51.76% , & £ 5 Ry B4 F), €do
H R BN 2.00% ~6.00% , 2 F B 135 @5,
WAETE L —E 71 ZnO, NiO Fl CoO , #d 25 By A
RV, vT UL PE e Rl b i) 5 4 8 o 2 B
F 4 o A B U A ORI Y

®2 PR RORL 3 E A A AR T & L

Tab.2 Main chemical composition and proportion of ceramic glaze

F A= A L £/ % fEH

PhO 41.47 ~51.76 B (AR iRBE) ) | R AR ik 2R 80 18 ek B2

Si0, 33.52 ~34.67 PE R A TR R BRI BRI S IR Kk R AL
Al 0, 4.86 ~6.69 P A AR e e R R | R Ik R AL

Co0 4.04 ~6.00 R Y % 5

€do 2.00 ~6. 00 F o AR 2R B 4

NiO 1.41 ~4.04 Fagur]

K,0 0.31 ~4.53 TR, W B it

Na, O 0.24 ~0. 88 BRI SAAL ), B szt

Ca0 0.13 ~0.336 BEERR SRS G SR e BB R PR B
Zn0 0.09 ~6. 07 B (P iRpE ) | B R, 42 AR E M R S | B OGRE RN

MgO 0.05 ~0.08

R AR e 2 0, 48 v R, By 1Al 2 2
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2.2 MEHNRPESENHELNE

T T /Ngs U 25 LB 8 o] i o o 4 3
FREZORINR 3 F 4, FRE 1991 EmWif6 T (FER
HAM T ARHEYPb <7 mg/L,Cd <0.5 mg/L"™*!,
1993 AFEMAG T ( P B A e 25 25 8T AT Hh i AR i/F il
FRYPb<1.0 mg/L,Cd<0.1 mg/L"™" & THEK
PR IR H 0504 ) P B e 5 AR AT R G0y
Z5 SRR MER . 2016 4RA0AT T Ba il i ) Hidm
= A we Y {1 5 e D N R T N s
T 5 2 0 07 9 BR 2 Ar o, /25 0 il i Ph<2.0

mg/L,Cd<0. 3 mg/L7" ARiMEKF 515 8 %k
E R GEPHAREAR B, SEE Hrve = whE
W %F Sh Zn  As Cr Ni (9 2347 TR E .
XFF Ph.Cd SFH 48, #ORFHAE(22 £2) CRER
T Uk 4% TR E R (24 £0.5) h 5, 7
WOBTETL (AAS) T 22 5 B0 3 4 vk B Y
T E 2016 4F- 451 A (1) 87 ki fE FP 34T GFAAS  1CP-
OES F1 ICP-MS 4387 J7 2%, A F) T 4 vl ) 22 J&] 1)
P D e R R

F3 R E SR R R PR R v

Tab.3 Main heavy metals limitation standards of ceramic in world

= 5] AR Ph IR/ (mg-L~")  Cd I BRE/ (mg-L~") W5 i
LM ANES o i (PRZEBRST ) 2 0.3 GFAAS . ICP-OES . ICP-MS!% -3
e NI RRIL < 1.1 L 2 0.5 AASD3! 32
H A 2SR <1 1L 2 0.5 FAAS3-34]
Wi g A3 1 4 0.3 FAASE -7
1SO INES I 2 0.5 AAS[®]
B R/ 4220.5 em, FHE<1 L 7 0.7 AAS? -40]
il W >2.5em, it <1.1L 1 0.5 AASI4]
=t A it A7 I 1.5 0.1 AASH2
4 o E SR T AL LR E 4 s BR AR
Tab.4  Other heavy metals limitation standards of ceramic in world mg-L ™'
= 5] TR Zn %N BR A Sh ¥ B As i R i Cr & R Ni 7% PR i
S| NEDEARINL <1.1 L 3 1 - - _
BPE: mE/HE=0.5 cm, ARE<IL - 0.7 0.2 - -
hE OB >2.5 em, Fm <1, 1L - - 0.05 - -

R -
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W) %5 il ot ) AN ) g 8 i 2 26 o e R v OB AR
53 L) S Rl 2 R B S A e 25 5 R b i 48
i FEAE T Al A AR TR] 7 252 i g 32 il i T
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IRFR LA R 4 B 4 1 Hh i
3.1.1 AR s

RIEERL 3 Fe AN ], 25 S BOMURL T 2% 43 8 48k
VIR S5 A6 TE BUAS AR [R) , 2 1717 52 e i 2 vh 3 4 s 5
s, 2SR S i AR e R A A3 L 1) A
Si0,5 PbO 5 HE M 45. 60% HETN2 84. 56% )& , K IR
Ph % H & M 1. 004 mg/L F& 2 0. 557 mg/L, Wood
ZG LSRR ) B 434 I R 4 B R RHAE 4% 2 R
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(K,0,Na,0 45 ) 36 1+ 4 J& A1k (CaO, MgO 55)
S5 MU T, SR P e Rl J2 R e I 45 454, DA
T3 A Fg B Rt 2 b Ph A 02
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Wi e il ot e 2 SRR B — B AE 1 mm AN, Rl R
R R AR g 2 T s A TR) 5 SRR L 44T R 2
X TR % 5 Rl 2 8 S R ARl 5 20 44 1Y) 45
GREEMZAK R I S HE AR S, A0
FEEET AR R PERL Yy (BT | Y (R TR ) IR A
[F) JEE B2 (30 ~ 50 pum ) P 5 il i & 30, il 2B L
HAZH Pb fl Cd FEEE DB, FHNWES
J& & B L LA Fe g hn 7
3.1.3 #Hpk@ss g2mt

W % il b i F T2 Kl ma R iR A 5 A
[ () R TR/ A1 . Choi 257 il 3 4% 2R A
TR BEAS [R) Jof FH B e s L& 30, Ph 5 M
Wi e g %) £ 2 i 2 1T BRI 25 45 25 B L B A AR
K, LB Ph s iR, 28K, LA B R
AHAE AR R ) B, 9 T 42 M 1) & T 4
JE R AR, H AR AR BT RSt &
.
3.2 BR|WRMER

B g il b P e g et b i 4 B i
Y AR R 2 5, BT A &
P pH PR R A I R R,
3.2.1 pH{4

2 5E 3 I B e A 38 B 1Y pH (B B AIR, P
Bl hESEBESEBIHEARN T, Sheets
AUV 1 R TR pH B (1,75 ~ 4. 80) 1Y 58 45 0 52
5545, Ph 5 A BE pH EREARMING K, H 22 5¢
%, Mohamed 257 3 i P % A 25 WA AR A & 9
(pH {H2.40 ~4.48) KB ,pH {A~ 3 ~4 iF,Pb %
T, 5% 82 mg/L, FRIH A S B YIBLIY)
B ECR 4% 0 L FRI, B % il b Pb Al Cd 1Y
Vs iR, T B A A A PR A
ARAERIR ] 4% 12 (pH = 3) A1 8 Il ik

JEE 30K 3 A P A 2 £ v I i R TR B A /s
pH ., Sheets"” K 4% . R 12 W0 B %l i 24 h,
R Ph: Zn: Cd ¥ R 2 oM 28: 8: 1, Hirp
Ph P35 H T LR K 18. 3 mg/L, Dong 457
KH 4% ~10% LR 1Z P& Hl i, Co \Ni X Zn 1)
Vst i B 2 TR AR B S fin i B AR S IR E Y 1
Thtass, B1E 10% LRk Bl KAE, A —i
FA TR B, AR A bR R T R R
2.0 /L ity ,pHHZ M 3.0 ~3. 81 & fh et
() pH Z040 T, i % 25 v (1 5 4 Jm A &y 1 A 1T
TP A DT 52 M 1 VS - ok — S g B XU
3.2.2 BHE

W 5 1) A v D R B R A A
W9 SS9 A B N ORI R R TF J 1 P e e
SRR, R R A R
FEIFIR] A RE | 5 L R 3 22 AR R s /D (1 ke 35 (H
MR (25% ~40% vol ) A E 155 BE T (41% ~ 68%
vol ) SAR I INTE 22, ¥ 5 A1 iff (1 VG Bl e A e rh E 4
JR B O R A R R T A ) T AR P A
R E R, FE, Guadagnino 2E 434 K
AL I (52% vol ) FIFET (11% vol ) 1 Ph A
24 b JE ORI Y Ph ¥ R B
() 52.13% , Hynes %% %} HAHIR] pH {8 1Y 2 BR IR
YOORIVH 25 T 122 5 B e A 20, AT v P i T Ay
LPRVSRIT) 47. 14% , I\ R 483 5 109 (RIS 6G B2 (8% ~
15% vol ) JZ 10 il Wi 25 el )22 8 4 Jm V5 th 1) E2E R R
T3 25 BEAE L SE 18 XN (R RS B2 (38% ~ 64% vol ) By
BALBE T Ph SR AYRFST, KB Ph R B
WG EE L FE AN 0. 005 8 me/L {51 0. 000 8 mg/L,
FEARIE 7 £, ARZ W58 R BB YR PR AR 1Y A
5y P Wi s Rl s 2 TR T S0 AV o7 ik B 1) 28 AR A, DA
A1 ) ) e ol J2 v B 4 SR s o, LTS Rk v, 41 o1
AR R MR 0T
3.3 ¥MESERHMWEMESE

BT R E A ) A Bz A,
by 001 P £ 2 Y2 R R A7 IS () TR IR AR R BSE
PRI 2 R P T A SR T R O
3.3.1 ERKEAN

IS 2 IR PR MV T I 3 P S 1l &, 1 min P
Pb (i th S 5 222 /Nt B 1Y 50% , /& 24 h
SR 30% ; 76 8 BRI 3 5544, Pb 197
HH R N ] ) R A R O R T AR s ) 7
AT, Ph (R H 38 32 00 55 Bsf ] 2 2k P 56
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Z17°50 0 Appel ZEPU R 20% £ IR B PG )
10 d, 53 B & B8 Ph 5 s 3 e & i 7E 2 d BI42IE i
KA, FWF5E A h Wi 5 2 19 Bl 5 I A7 B[] 228
KRR SRR W4 Pb A1 Cd IFER, R
B3 ~5 FH AL (I, B &b Ph i S
B AN | 2 e gl TR 0T
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B e i )= o 4 i ) — R S Bl R R Y A
TBE AT K Dong %P URH 4% LR
TE 20 ~60 °C 254141 3 FhAS [FURbUR} T 7 Pl e il i
Pb B HI 43 A 20 °C BFE9 1. 004 ,0. 577, 0. 661
mg/L H4i1 % 60 °C 1 20. 444 ,17.556,7. 800 mg/L,
Cd By Hi AU A 0. 293 mg/L 34N % 4. 411 mg/L,
PR T 20 %, [FAF, Co Ni K& Zn B3R H & 5
() F P 5 MR 52 TF b, B BE Y R RS £, Seth
U BB T Ph AR 30 ~ 70 CAMER
FasE R hn , WAE 70 °C DL b RF 2580, 32 i TR
FERZ T 0 4 JE B RO R T e B s g vy
A B YRGS L RE 1 T A R B RO, S T
R L e S =R o/ Y S ) 1 7 N T = 3 ey
e Vs e s Y S R R L B T e i i, AR
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ORI T = R A, UEBH 2 IR DL IR A, T
I X5 P A 2 v F 4 S (R TR R RS AR K
3.3.3 EZRRHK

Wi 5 ) o b EE G R I S R S R R B
KXo WK B L 4% 8 2 I 2 W) % ) &
L, Pb Fl Cd AW AERT 5 YRR h B b 7
85 IR Z G A R IR e, HE &R &
RPN BRI 5% ~6% 7,
3.4 BMENRESEAHNEENE

Wi s Rk 38 8 DA & — R R B s ) o, R
H A T b e il T 4 SR s R LB R b A
— SO 5 A B B A R ) T 4R S T a4 A
Y395 A A A2 P o R ) R R AL
Z—,Pb RHAF R R Z M E LS, L LR
WFFE e A
3.41 BFRX#HiEAE

Wi e Rl Ak P R A 8L A, SRS T B T S e
PREL B B 45 0 ( =Si—0—Pb—0—Si=) ., Itk
a5 T i 42 Mo 1 P i R R M VA P I AR T
(BKAEETF) 5 A REmR Eh 3% 38 b iy 4 2 7 it
17 B T2 SN, Y B T 0k o B e AR Rl 2 B

TESER R AZ Il i B A B L AR B e
TR TR B S R AR PE R . Yoon' ' 38
IR HEES TR TR RO B SR A B I
BB A R, X il R (1) FK
(2) kR, Kbl g SEM & X i, ARt
VRIS YTl B 3 (28 ) A S R A B o3 1
HRERRER ) |, 3 M= W I 45 48 O 0 22 £ O 415 12 7%
ST AL A ] 22 )G 0 R B UE T

Yoon HLEEAGRF2AME
=S{—0—Pb—0—Si=+2H" —
2(=Si—O0H ) +Pb*", (1)
i =Si—0—Ph—0—Si=+ 2H,0" —
2(=Si—OH ) +Pb** +2H,0, (2)

3.4.2 Rk

Wi 2 RS2 — i S 0 5 3 10 1 | R i
TR FEAFAE T AT I A I 4 235 v A A
T, BT B AR R REE A 6 A e
(=Si—0—Si=)7E/K (H,0) KFH (OH ") [ JE
PR WP RS (A VA PR R VA S Si(OH) ) A4S
- RIS S5 A D DA T 95 A 22 V5 0 b ) S 1 L R
ok i BRI (3) ~X(6) . s it 2
J2 PR L B B o, O LV A S R Y P 45 Si
(14 L5155 il J2 38 S 25 4 v ) L B ], 480 P S S o
SRR H 7 2D & X SR AT S i
VBB IR TS AR Ak, S UE ST T B S AR A S
YR TR AOHLEE S AT Ph I R HLEEAY
eii A, oAb FE 42 I A HH AILERATE S AR G =
Godt %) % )L P e Rkl vh Cd LA 3% 585 AH A1 b AR A7

75, AR BB T Cd ¥t HLEELR] Ph AR,
=Si—0—Si=+ H,0 —2(=Si—0H ), (3)

=Si—0—Si=+ OH™ —
(=Si—O0H) +(=Si—0"), (4)
=Si—0 + H,0 >(=Si—0H ) +OH ", (5)
=Si—0—=Si(OH), + OH™ —

Si(OH), + (=Si—0" ), (6)

4 BHEMEGXKPESREEHXE
1= il

(BEMZ2ERmE b is YR E)
(GB 2762—2017) HHHLAE , 95 (Z&4B ) Pb & i R
M 0.5 mg/ke, X T HA 4 8 I A A,
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R 0 v e 4 R R 1) o3 B B i A Y DR )
PP T o 4 i A o) S A . P AR R U Sk T
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T8k 10 B 3222 DA SRR GR BE BT A (B i % 42
ESARME BE) (GB 2715—2016) ) Hhgl 2 1o 1
RAE B ok ER T JRORE ; LA B AR 2 ik (0o g L T
B | S AEC AR AL S5 B A R T 5 v ) RIS K kA7
TRBEARFR™ e oK (A 4 o B, B R K 5 6 A
FFEFVE R AN B R, A4 R AA% w2 Ak A v it
PR B 2 0015 25 B A 1 1 I i s o O
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S TP P A DU 45 T R P R T Ak B 5 T 2 46k
PR R A 3 P 4 T T Ak 3k B AR A b R
BB B TR I3, 2 ACH R i 1 e A v 1T
(8 LRI RS R M0 5t mT R A R | 8k g R £
P17 v 4 SR 5 SR I T 1 A Ak 3T B {H 23 X 1
T PG XU 72 A R 5 TR AT B e i (T R AT
AN, DAL BR 4 a8 1R B8 A KUk, 1 P
AL AR AL HE LT Y25

D) & EA RS, MRy
HEJE TR A M2 OB, BRIPFE E2 0 10,0,
B,0, .Sr0 %552 & &5 R AL PbO, M T il 25 JC 5 Fil
HE 88 A B SE 3 R0, 050 ~0. 150 mol Li, O
F10. 100 ~0. 200 mol SrO X PbO Wil Jo 4, 7]
FEIRF T PhO FEAN)Z I K 22 85 R il B &
WA AVERT, IRk R T B B Rl 2 b Ph T

2) etk R Rl 2 el T2, it T2
5E8 PR S TS R J e M B, 5 Dl R b L B A G,
AWFFEHE i P AR A A, REAS (e i IS 1Y
il 22 Uk 25 B S 20 /0N R 2 450 T8 50 Ik R A0
A B DT () T 7 5 M B, BRI Pb AN Cd ¥
BT AT SE i AR T 150 °C A 1200 CF
Bl Ph v R B, 1200 °C B 5 P % Pb i
AR 1150 CHEflJE ) 46. 77% , Pb ¥ H 45 il 55 R
T I , T50 FT4t ven o ol T 82 o W] 4100 1 Bl S i 2 b i 4
BB

3) HAHE e, 3 AT OB R G il 2 B R
PR32 CRERh TS 25 Fa i — ), A5 A B 8 1) it
JEEER T IR DT BTG P 8 3R T 2 R M W 1)
S0 Ph ¥ B /NT 0.1 mg/LPY AR, NI
F14) W) Y 2 3 o — 7 A R T s R il T 32 3, LA e
[T WA ) 3 1 T AR s e 2 i B 38 o o 4 U
s

5 &HitSRE

P E b B il e p) B2 L, K 4R
A HH R T DRI B N AR (e B 1 52 i Ay 9 8 ol G
L, AR AT LR Jr i — I IR AR

1) HAX gl h B4 8 ph i 4
FIBLE (0 HAh B 428 4 Cd  Ni Zn . Co Y2 K
FEARXT LD H B R 4 E AR R AL 3
USSP AR R AL, B = B XTI P
&MY E A Jm R LRI 5T 5 1UAh, BT TR AR TE B R
B PR B AR S ) ot S5 0 B L ke h A B
HH s L I ANTE 2

2) i O T SO £ S, AS ) 2R i
MM AF TR b PRG35 R 25 45 XUk ) Joit
R KA AR 3 — T THI AT BB 235 W P 40 2 v 1)
wEEEEN, D HENNESREE RS
S I B RUBR R AR (EERE R L , B 8 0 e v i
I E SRS T 5 ARSI A7 3 2 6 A
HAE MK T — T

3) T T P e h A A
SIATE A A S, TR Sk S A 77 0 9 4 0t FR I
AR ] O B e h A R A, T R
¢ U B & e v 1 B & R T A SR RS 4 AL ML
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Survey and Prospect on Dissolution of Heavy Metals from
Ceramic Packaging of Baijiu

DONG Liming', LI Yangyang', ZHOU Qi', LI Hong’, ZHANG Qiang’, LI Yingying'

(1. Key Laboratory of Cleaner Production and Integrated Resource Utilization of China National Light Industry

Beijing Technology and Business University, Beijing 100048, China;
2. Key Lab of Solid-State Fermentation of Nongxiang Baijiu, Yibin 644000, China)

Abstract; Ceramic has been used to store and package Baijiu for thousands of years in China. The disso-
lution of heavy metals from ceramic packaging has effects on Baijiu quality and human health. However,
there are few reports on the dissolution mechanism of heavy metals from ceramic packaging of Baijiu. The
distribution of heavy metals dissolution from ceramic packaging and its influence factors were summarized
in this paper. The cosolvent and colorant containing heavy metals were probable the main dissolution
sources based on the analysis of composition of ceramic glaze. The related limitation and test standards of
heavy metals dissolution from ceramic in the world were compared and Pb and Cd were mostly focused in
these standards. However, the research results showed that the dissolution of Zn and Ni from ceramic
packaging should not be neglected. The ingredients, ratios and thickness of glaze were the main factors
affecting the dissolution of heavy metals from ceramic packaging as well as pH and alcohol concentration
of Baijiu. lon exchange and dissolution of glass matrix were considered as the principal mechanisms of Pb
from the ceramic packaging. Moreover, it indicated that high alcohol concentration of Baijiu was in favor
of decreasing the acid formation and inhibiting the dissolution of heavy metals. The interaction mecha-
nisms between acid, alcohol and ester in Baijiu and heavy metals in ceramic should be further researched
to provide a basis for reducing and controlling the heavy metal dissolution during the production of ceramic

packaging and the whole process of Baijiu storing and consuming.

Keywords: Baijiu; ceramic packaging; heavy metals; dissolution
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