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Analysis of Trace Elements Eluted from Three Kinds of Pans

and Evaluation of Their Effects on Human Health

Yumi MANAKA

The purpose of this research is to clarify the effects of the following treatments on
the elution of trace elements: water settling, acetic acid settling, and 2h boiling of
acetic acid in enamel, stainless-steel, and aluminum cookware, and the same three
treatments after scrubbing the surface of each cookware. The samples from three
kinds of pans were subjected to the above six treatments each, and the concentration
of each of fifteen trace elements (B, Al, Cr, Mn, Fe, Ni, Cu, Zn, As, Se, Mo, Cd, Sb,
Pb and U) were simultaneously analyzed by inductively coupled plasma-mass
spectrometry (ICP-MS).

The following results were observed:

The concentrations of the fifteen elements eluted from three kinds of pans were
low or very low after the treatments.

Enameled pan is made from iron covered with glass containing pigments. The
concentrations of B, Al, Mn, Ni, Cu, Zn, As, Cd, Sh, Pb and U were significantly
higher (p<0.01) in almost all treatments. The concentrations of Fe, which is the base
element of enameled cookware, showed almost no change. The safety levels for
enameled cookware are standardized at 70 ng/mL Cd and 400 ng/mL Pb. The Cd and
Pb concentrations in all treatment samples were below these standard levels.

The concentrations of Fe, Cr, and Ni, which are the principal components of the
stainless-steel pans used in this study, were higher in the acetic acid solution used for
treatment than in the ultrapure water used for treatment (p<0.01) . The concentrations
of Fe, which accounts for 74% of the components of the pans, were higher than
those of Cr and Ni in the liquid samples after all the treatments. The elements other

than Fe, Cr, and Ni were detected at low concentrations of 10 ng/ml or lower even



though they were not the principal components of stainless-steel pans.

Al is the principal component of aluminum pans, and the concentrations of Al in
the samples from the aluminum pans used in this study were higher than those of
other elements under all the treatment conditions examined. The concentrations of all
the elements in the samples from the pans were significantly higher in acetic acid
samples subjected to boiling than in ultrapure water samples (p<0.01). No marked
increases in the concentrations of these elements were observed even after the
scrubbing of the pans.

Therefore, it was clarified that low or very low concentrations of various elements
are eluted from three kinds of pans during cooking. However, considering previous
findings, it was verified that the possibility of acute and chronic exposure to harmful
elements caused by elution from cookware used under general cooking conditions is

low.
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WA M RN AT & R 70 kg D RE1kgH7 v
Ve E
WMy - e b (%) b b DOIRNTFTE & DN IR JE
% oL F ik 3% O © 65.0 45.5 (Kg) 650 (g/kg A )
ES O © 18.0 12.6 180
e S O © 10.0 7.0 100
EH O © 3.0 2.1 30
VNN @) © 15 1.05 15
U @) © 1.0 0.70 10
=% Hit % O © 0.25 175 (@) 2.5 (g/kg &)
VAU N O © 0.20 140 2.0
FhU A O © 0.15 105 1.5
b S O © 0.15 105 1.5
TTRYYT A O © 0.15 35 0.5
Wk % O © 6 (g) 85.7 (mg/kg A H)
7 v O © 3 42.8
A O © 2 28.5
Gtk O © 2 28.5
N TN O 320 (me) 4.57
LETD T A O 320 4.57
RE O 200 2.86
#n O 120 1.71
v H O © 100 1.43
i O © 80 1.14
BMETHE  TAI=T A 60 857 (u g/kg &)
A RIU A 50 714
AR @ 20 286
NY TN 17 243
KR 13 186
Ly O © 12 171
ERVES O © 11 157
TV TT O © 10 143
=v T O © 10 143
RS O 10 143
VA=A O © 2 28.5
=3 O 2 28.5
EOAVAN O © 1.5 21.4
NF DA O 0.2 2.9
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2. ABRBEOHE

BRI, TR AERERE - 3 oAEHALRBRE TR - AHREOEB X
OB ARBRE 73 v 7 B OBRHRAR * B X OEBEEEHRE (1S06486)
ICHETCTHRE L, MICLDI2REBZRHAT 21O DOHERIZTAET, pH5.0LLF T
O ZE L B EEIRE L L TRFFEREORETH D 4 %HimE A
7o 4 %EEmERBRIE IR O P, B (BRI S R ok o #r
M) =Hwi,

Aol 27 L AEBBLIORT A =y ARBORILR 5 E$ o
ETNENICHONT, TRROLUHEZIT W a b f ORBRBERZFHEL -,

a SN AK D 213 BEREOBMAKZ At 20°C T 24 KeE A E L 72,

b ST KD 2/3 FFHD 4%WEE 2 A, 20°C T 24 BRI E L 7=,

c : MITHIAKD 213EFED A% EEME A AL, HAaraz W TmEL, b

T A 2 RERMERE L 72,

GO RECR)Z T o7k, U TFd, e BXOf OFMELIT o 71,

d : SICHiKD 2/3 FREOBMAKEZ AdL, 20°C T 24 W fiiE L7z,

e : HITTHG KD 213 KFED 4% Kl 2 Afv, 20°C T 24 e & L 7=,

f oIl D 2B HFED A%HERE Niv, HAa oz flnwTimEiL, b

T A 2 RERMERE L 72,
MEOT BT, 7 Lo —05g B L OEHMAKSML Z AL, AT LA
L THMOERICH 2/ < X O ICBER L, BEOEHI1TH 5 kg/10 cm? T,
34y 100 [BI#5 D < T 2 4y [#, #1200 [EIEREE L7z, KEAKTTTWEHR, B
ALK CTHEH L 72,

"B, a. b, dBLWe LHEHIFFD 20 °C - 24 B & 1%, 1EIR = (conviron
HH PGV36) W TITo 7o, MET DBR, 22 T E o Fy BE 28 d b o 3l BRI R 12
BALBRNESIC, MICT7 vy (KU ke =UT 74V A) Enidl, &
oL cRBEO L IIMBRPEABIZLIVKENBDTH720, o0 UoMMEAL
TEWZ 4%HE% 2, NMEGET 20 @I OREIZ/R D £ TEIMLHE%
Frt S 7o, MA 5 4 %HEOWKEZ MR T D702, #IZ 2/3 &5 0K
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EMA TR, T OO THREITZ AT TRz, BB T I
XPPHRIARL YV H—%FWT360mL ICFF&E LT, £, 4 %EEEEIC L 50
BB O RBRIBKIC oW T, MBVLERRT R X OREFE R 24T 9 BFIC, pH 2
20~22 DHIFHNTH 5 Z & MR L 7=,

FHEI N2 TORBREIL 500 mL @ PP L O fRICEREL L, 4 °CTHWiE
RfE% ., WERICERICELHW,

PPAMARESHICHEALEZETO T I A F v 7 RIRHE (PPRMBS T v HH#
fi§ PTFE B — 0 —fl) (%, K& A eMEEim (2B TER #ail
JEYeE IR TMSC A 30 5 IR) AV AT 24 BFpM UL Big L, BMKEEE 4 3
EATV . & HIC TN HEE (FHEE BRI FR BESITHZ 1 BHEIC /R A
(2 48 FLL iR L, BMKEEZ 3ETT o 72, BICEMKEZmZ LI BEARN
T A8 WERHI LA RIRAE U L 46 F L A B K DB & AT o 7o i A L 72 B K 1
2 TANT 7 8 PURELAB Ultra THUE L 72, BMAKKE XS - 18.2MQ -

cm, TOC<2ugC/IL TH > 7=,
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3. B

3-1 REBEEXTHRRTMBR

ICP-MS 43 4 I D PN AZ #E 5T IR INIE IR 1%, UV A (Be, BB LS8 7R %
Sy BT ) L =R (Co, B Aot HD L 7 v (Te, B L 78 R 1
WAy BT ) L mYy A (Rh, B SRAE 8 - RO S T D L 2 YD A (T B RAE
B A4 A D 45 1,000 ng/mL A% % 52 7 R L CL 500 mL PP % 2% 12 Be, Co, Te,
Rh, TI 4 100 ng/mL (4 %HFEE¥E K ) RA WEE R R 2T L TH W,

3-2 15 TREFELERR

AT L. 15 o BEEEKRIEL, AU FEB) . TAI=TL(AD 7rA
(Cr), =>H>(Mn), & (Fe), =v#/L(Ni), & (Cu), L (Zn) ., 3 (As), EL v
(Se), EVZ 7> (Mo), IRIVAL(Cd), 7o FE>(Sh) . ¢ (Pb), 77> (U) D 15 Ff
JC R IR B EEEVE IR (SPEX | XSTC-760A) & HI W THERR L7z, K2 Y 5 D4 o0 32
X, Fe I 30 pg/mL, B, Al, Cu, Zn {% 10 pg/mL, Mo (£ 7 pg/mL, Cr, Mn (X 5
ug/mL. Ni, As, Se, Cd. Pb (X 1 pg/mL, Sb, U (£ 0.2 pg/mL THDH, A=A % A
LT Table 5 (27 9 # &4 A% HE 5 K (standard 1., 2, 3. 4) Z{E Ak L 7=, standard
0 /% 50 mL PP A &% (CHB AL KA 10 mL EFERR 2 mL Z N A &8 Hl 7K T 50 mL IZERL
7z, standard 1, 2, 3, 4 [, 50 mL PP &&= (2 MK 10 mL, FEfE 2 mL BXOZEN
ZIZ SPEX 1 XSTC-760A % 20 pL. 100 uL. 250 pL. 500 pL il % 48 ffi &k < 50 mL
ICERLTHRE L,

Table 5 concentrations of the calibration standard solutions

Element standard

0 1 2 3
Fe 0 12 60 300
B, Al, Cu, Zn 0 4 20 100
Mo 0 2.8 14 70
Cr, Mn 0 2 10 50
Ni, As, Se, Cd, Pb 0 0.4 2 10
Sh, U 0 0.08 0.4 2

(ng/mL)

13
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3-3 MSFa—=V45&

ICP-MS 3 #HT D> MS Fa—=227kI%, VF UL (Li, BRI R AF o8 A) .
AL (In, BHRAL R R WA ) B A~ R (BiL R LR LT
Hr ) 4 1,000 mg/L FEESL &2 AR LT, 50 mL PP A %%IC Li, In, Bi Th<h 10
ng/mL IR G ¥R (1 % m L A BR VR TR SR ) i B LTe, T a— =0 7R ORTE 5

fFiX 4 CmEkT2 WML ELE,

MS Fa—=U R BLOEREOF 2 — T NEEIEOMERICIT., e (% BT
TS0 &S K TAMAPURE-AA-100) & W=,
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4. ICP-MS DARMEEL L UVEH

AREBRIRIE T O 15 TR BEEIL ICP-MSIZ X WV IE & 1T > 7=, i L 7= ICP-MS
EE—-—A LU FICRLE,

- ICP-MS 2L 135 A W H &y Ak (& E R ICPM-8500)

- ICP I H @A B (B ADU-1)

A= 7 T — (i AS-9)

- mHKIE R E (EYELA B CA-2600)

- fEBREIE K (EYELA % NCB-1200)

A7 1L EB LRz HESME RS

e <

1 ICP-MS O #f & IX

X 2 ICP-MS ¥E{E (HH)

15



ICP-MS O &% Table 6 [Z/”x L 7=,

MERFRERERBEEFTHER

Table 6 Operating conditions for ICP-MS

+ Rf power

+ Rf frequency

- Coolant gas (Ar)

- Plasma gas (Ar)

- Carrier gas (Ar)

* Nebulizer

« Sample uptake rate

+ Splay chamber

- Splay chamber temperature
* Plasma torch

« Sampling depth

+ Sampling interface

1.2 kW
27.120 MHz

7.0 L/min

1.5 L/min

0.60 L/min
Concentric type

0.5 mL/min

Cooling Scott-type

2 C

Triple-tube minitorch
4.0 mm

Made of copper

EMEBLIOERIT S MITRRENERERER IO 16 M RRGEERIKRIC

LOMERIETIT 7, 16 MxRICHIE T2 ERMEE RS, NIEEMEE

F O SRRl > W TiE., Table 7 127 L7,

16
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Table 7 Each mass number, internal standard and integration time

of 15 elements using by ICP-MS

Element m/z Internal /2 Integration

standard time (sec)
B 11 Be 9 1.0
Al 27 Co 59 0.5
°r 52 Co 59 2.0
Mn 55 Co 59 1.0
Fe 54 Co 59 2.0
NI 58 Co 59 3.0
cu 63 Co 59 1.0
Zn 64 Co 59 1.0
As 75 Te 130 5.0
Se 82 Te 130 5.0
Mo 98 Rh 103 2.0
Cd 114 Rh 103 30
Sb 121 Rh 103 3.0
Pb 208 TI 205 20
U 238 TI 205 2.0

17



5. I5BTROBREMRE LU EIRE
ICP-MS 73 #7i2 L % 15 tHE DR EM%E Fig3 /R LTz, TORE, £TOT
FIWZOWTHERIRERRANICE W TR REREEZFDL LN TE, £z,
3R OFE MR 2 AR ICHEIN L AT 24T - 72 EIR O R R T, 97~
100% TH v . WD TRAIFTh o7z,
EOKERER D71 - SRR O B O
LZ 3. B 1% 0.02 ng/mL, Al {%£ 0.02 ng/mL,Cr (% 0.03 ng/mL,Mn {% 0.01 ng/mL,

MERFRERERBEEFTHER

B2V CE o CTROTLER TRMIL., £

Fe % 0.6 ng/mL. Ni (X 0.01 ng/mL. Cu (% 0.01 ng/mL. Zn X 0.003 ng/mL. As

/¥ 0.01 ng/mL., Se (% 0.1 ng/mL, Mo i% 0.01 ng/mL, Cd i% 0.005 ng/mL., Sb i%

0.002 ng/mL., Pb ¥ 0.002 ng/mL. U i% 0.0005 ng/mL T& - 7=,

ES2
6.000- B
1
4100
2.200
SD 1.03
r 1.00
Unit ng/mL
0.300C¢ :
0.000 33.667 67.333 101.00
B standard curve
E 2
4.000- Cr
52
3240
|
2.480-
1.720-
SD 0.18
r 1.00
| & Unit ng/mL
0.960° ———
0.000 16.833 33.667 50.500

Cr standard curve
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E 2
1.520- Es
54
1.140-
0.760-
0.380-
D 2.02
r 1.00
Unit ng/mL
0.000>— =
0.000 75.750 151.50 227.25 303.00
Fe standard curve
E 3
1.500- Al
27
1.000-
0.500-
D 0.32
r 1.00
| 2 Unit ng/mL
0.000° N R e
0.000 100.00

Al standard curve



E 2
6.000- Mn
55
//C
-
4.000- 2
>
///
//
/’/;‘.
2.000- b
e
e SO 0.07
W r 1.00
e Unit ng/mL
0.000% ‘ : :
0.000 10.000 20.000 30.000 40.000 50.000
Mn standard curve
E 1
8.000-
58 /)
| .,,—// ;
6.000- 2
///
//
, =
4.000- o
! o
///
2.000- s
SO 0.02
P r 1.00
;/g"/ Unit ng/mL
0.00¢
0.000 10.000
Ni standard curve
E 2
e.oocT i
| 63 5
s P
//
6.000 L
‘ v
4.000 >
///
P
-
2.000-
o SO 0.62
Y r 1.00
‘ ﬁ// Unit ng/mL
0.0005— —
0.000 100.00

Cu standard curve
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MFERFRERFRRESETHER
E 1
6.000- As p
3 75 // 3
/’/
4000 o
///
/////
/,
2.000- e //
o SO 0.03
> r 1.00
Lz Unit ng/mL
0.000~ BRI RIN
0.000 10.000
As standard curve
E 1
3.000- Mo
98
/’/J
2.000- "
\ o
////
1.000 o
///
D 1.95
p r 1.00
| /,/ Unit ng/mL
0.000% : )
0.000 20.000 40.000 60.000 80.000
Mo standard curve
E 2
4.00% 7
| 64 A
/'/’
3000 —
| =
2.000- .
\ s
1.000
! o D 0.50
ol r 1.00
Lo Unit ng/mL
0.0005- ‘
0.000 100.00

Zn standard curve
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E 1 1
1500 6500 Bh
82 % 208 4
///
1.000 ‘ 4,000
///4 .
0.500- - 2,000 7
o = SD 0.0 SO 0.02
4 ro1.00 e ro1.00
Lo Unit ng/mL o Unit ng/mL
0.000 0.000"
0.000 10,000 0.000 10.000
Se standard curve Pb standard curve
EO
E 1 1.290-
3.000- cd U
114 238 A
2.000- / 0875 v
// ] _,
1,000 o 0460
st 4 D 0.00
r 1.00
Unit e/l r 1.00
¥ nit ng/m Unit ng/mL
0.000% - — 0,048 . e
oo e 0.000 0500 1.000 1,500 2,000
Cd standard curve U standard curve
E O
3.000- g,
121
2,000 P
1.000- e
SO 0.00
r 1.00
5 Unit ng/mL
0.000— :
0.000 0.500 1.000 1.500 2.000

Sb standard curve

Fig. 3 Standard curve of fifteen elements.
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6. WA FHE X BAFICK SMEH O
ABGE T2 A8 7w B o fh 2K 3R T O JFUBFR A3 T 0 T i BB T
B X BAMICE DV EZT o, Ave v REOMBHS2ZHEEL, =X

vy aF IV PIXESW Y AT A EHCTHIE LT,

4 FAounrvHMBOMKEELHBEL-Y L (BE)

IR

‘\\\ ‘f7]' :/ E _J-\
FIEXER . w

K avEa—4

5 PIXE O #E &K
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X 6 FrEMEHRHEBEFE (PIXESGHTE—LT7 1Y) (BH)
[ STAT Bk N TR B R S 6 B 2 AT

X7 wEINESEERE (BH)

22



MERFRERERBEEFTHER

PIXE O 4 St d6 L OME A 3R 12 D W TIREL TR L7,
o3 M e
FES A 4 R 3MeVIHT (B 7 #) . HS & — A - 20nA,
FEA BT & - 50uC (=M RF[Ex & — A E T 20nA) |
E— A A X imm?
filf FH e H 2
HP-Ge (High Purity Germanium) £ %+ : PGT % 1IGX10115,
AR - 10mm?, BME XU U T A BE: 7.6um,

T XL X — 4y fREE (FWHM) : 115eV at 5.9 keV

7. MEFHEEN

BRI IV B ONTEMETREOBEHIREIZ DWW T, FHMHE & AR 2 K
HHEELEBIT, FUEICLDEHEEDOEICONTIE, HEFFHBREL LT
Dunnett @ HIEIZ K DKL OEHEDO L EILK 2T o707 — Z AT IEHE
FHAEAT Y 7 - SPSS18 & W TAT - 7=,
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1. R0 &4

Ara I ONWT, anb f O 6L EIT o ZRBRIEIRIC OV T 15 fE
JLHEPRE A ICP-MS T—F o L. MELCRBEOEIEZRF Lz, KIFET
TEEEZRFELE L TWD ICP-MS o 2 JHWie 2 LT kY | WARRE £ THR
AP EECTH o7z, Table 8 IZA U r VHENIZHITHOFLBEICL DB LNTE
iR o 15 MM E T RIBEOREE = Lic, fER. B4 AW 7oL Bk (b
c. e, ) HiZ, I5EETOMBTEIRL SN,

15 o, B & ik U CHERRALEE 3 L OVHERS - RIS AL PRI KV 1
%R L7ot# % B, Al, Mn, Ni, Cu, Zn, As, Se, Cd, Sh, Pb B L' U
Thole, TNHDOILHITEBMAKNE K TH D a WLBEKI KOV d LHK & Mg
LT, BElZ AWz b, cLEAKBLWe, fUHAKDIFEALORENAE
gL 7= (p<0.01),

AR CTHWEAR Y r U RSO FTHE)E Th 5 Fe O A HIL a LFIK
49 ng/mL, b ZLEE /K #1100 ng/mL, c ZLEEJK H 29 ng/mL, d ALBEK H 40 ng/mL,
e MLFR K 170 ng/mL., f ZLPR/K T 39 ng/mL ToH - 7=, HERRALEE B X OVEERR -
W ERIC X D2 RiEREHITA G2 ole, o, BEOTRIZICE WV TH KR
ERBEZITIR N7,

OREO TREBLIOERCQEOBMEELE] (F 2047 A 31 AKE) WY
TR 2AH WEHFEYE, Fyo g EHBICONTH FI UL L MoE
(4 %EERIRIZHIC L 2RBRGIE) BRI O TS, Avrvil &k
FEUEIT. 4 %M IA HE T IC Cd 2% 70 ng/mL LA . Pb A% 400 ng/mL LA F & &
ALTWD, ARBFFETIL b LB D 4 % FEME T K H 23T Cd 281 0.55 ng/mL
Pb 23 -#) 7.8 ng/mL TH V. T4 b OBMERE K LEZNE K 1/130, 1/50
DBEETH- T,

Ryr UMM BEE LZZEOTENMEHBOAR T B UESNOER L
bDMEIPRALNIZT HOI, RFIETHWEA U v ¥ RO RIEERH
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DJFEHZ DWW TR ERL b X #2087 (PIXE) X v ¥ Lz, o1t o
7-#E %A Fig. 8 \® L7, Al, Si. P. S. Cl. K. Ti. Cr. Fe. Zn. Pb. Rb.
Zr, Nb, Sb ’iisH, FUynr UvMERICEENLTWVWDL I ERHLMNIR-
77,

25



subjected to six treatments (meantSD, n=5)

MERFRERERBEEFTHER

Table 8 The concentrations (ng/mL) of fifteen trace elements in water samples from enameled cookware

Treatment B Al Cr Mn Fe
;!:r:as[e);fn\;v?te;oc 2 +3 003 + 002 75 + 05 ND 49 + 1
:Z)miceittil?nzczyzooc 5200 * 340" 2200 + 55 18 + 04 24 £ 04" 100 + 18"
;“;ﬁ;{:;ﬂ;“id' 18000 + 300" 1300 + 55° 12 + 03 22 + 02 29 + 6
1 (Scrubbing brush treatment at 100 circles/min x 2min under the pressure of 5 kg/cm? )
B
gﬁiceittiﬁnzczyzooo 1500 + 55 470 * 19 19 £ 3 23 £ 04 170 + 60"
g:f;gﬁitr:;add’ 21,000 + 1600° 1200 + 45 54 + 02 28 + 02" 39 +8
Ni Cu Zn As Se
;:ttr:asz;fn\;v?te;oc 007 + 001 ND 013 + 004 013 + 001 02 + 002
;‘Z’]ZCE?tiﬁnzcz’zooc 18 + 02" 29 + 03" 1+ 30 * 01 07 + 02"
:‘;ﬁsgﬁitrizadd' 11+ o1 09 = 01" 81 = 05 38 = 06 05 + 01"
1 (Scrubbing brush treatment at 100 circles/min x 2min under the pressure of 5 kg/cm?)
;::r:aszrtfn\giegoc 011 + 004 ND 0.003 + 0.001 032 + 009 01 + 00
g:/(r)]icei:?nzc:zo"c 41 + 1q° 01 + o0 66 + 19" 026 + 0.00 01 + 00
g:f;gﬁitr:;md’ 17 + 03" 03 = 01" 63 £ 02" 56 + 05" 02 + 0.0
Mo cd Sh Pb u
;ﬂasztutfnmoc 14 + 06 0028 + 0004 0076 + 0003 0028 + 0002 0031 + 0.005
g:/;)m-asceittil?nzcgzooc 15 + 02 055 * 006" 57 + 05 78 05 027 + 002"
::/itjgﬁitri;add' 13 + 02 034 + 009" 2% + 7 72 %10 041 + 0.8
1 (Scrubbing brush treatment at 100 circles/min x 2min under the pressure of 5 kg/cm? )
::;tr:asz;fn\gztte;oc 0.76 + 0.05 0007 + 0001 38 * 05 0016 + 0002 00030 +* 00016
‘Z‘Zf]iceetttiﬁnzcz’zooc 047 + 0.07 0028 + (002" 49 = 05 17 + 05" 012 + 0.02
4% acetic acid, 16 + 02" 022 + 001" 19 + 1 80 + 06 18 + 02"

2h-boiling

ND: not detected
* p <0.01 significantly increase compared with "a" or "d" by Dunnett's method (multiple comparison).
ND was treated as a minimum limit of determination.

26



10°

MERFRERERBEEFTHER

Ti
ak
s Ti-pileup

Si

Al

10 L

Pb

Counts
T
e

i

Rb Zr

% |
1 . [l' 1

|

J} i \'II N ”l'
| |H ‘H| Il \\
\

Sb

i 'l' ” IhlIHi"WIllﬂ

X-ray energy [keV]

Fig. 8 Detection of the elements from the raw materials in enameled pan by PIXE.
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2. ATV LRE

AT L ABBIZONWT, anb f O 6N EFT - ZRBRFEIRIC OV T 15
MLEREL ICP-MS T—F o L, METEFREOLZ(LERT LI-, A#F%E
TIXREEZ R E L TWD ICP-MS 3T 2 Wiz Z L X v | BIKEE £ T
BHATEETH -7z, Table 9 ICAT v L ARMICB T 2K LHICIVEDLN
e T o 15 M ETRIREOKEZ R L, #RIIZ OMEITLHEENA
BT, KBRETE®I RSN,

AT THWIZAT VAR O ERETH DH CroFe BELUNNi @ 3 8#E (1
BWTIL, BHMAKD a LK L0 FEfE 2 W7o b ABRK, ¢ WLBRK O J7 8 % H
BENSWEMDZEONTZ, S I GO0 E S, dALEKEI D e LK,
fARLBR K 0 5 23 S HY MR BE R @& s o 7= (p<0.01), HEIC HJE R D 74% % 5 6 % Fe
2DV TIE, a PR 52 ng/mL, b ZAEE/KH 370 ng/mL, c ALBE/KH 1800
ng/mL. dFKH 60 ng/mL, e ZF/KF 90 ng/mL, f ALER/KH 520 ng/mL T
HY DT HOMEEFIZEBNTCHLMOLEREB TN KL HBETHRELT
W, 3K EBEDITICELDZRE LA F R BEHOBMMITA N7,

Cr Fe BEUNI LA DTZRIZONTITAT > b AREO — %) 72 KBTI
RV ARWFIE TILEIEE 2 FF B & LTV A ICP-MS T &2 v/ Z L iz kv,
KRETH D03 ST,
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Table 9 The concentrations (ng/mL) of fifteen trace elements in water samples from stainless-steel cookware
subjected to six treatments (mean+SD, n=5)

Treatment B Al Cr Mn Fe

ultra-pure water,
ND 02 £ 01 87 = 0.62 0.01 £ 0.00 52 + 14
a 24h-settling at 20°C

4% acetic acid, . N )
ND ND 16 + 15 + 70 +
b 24h-settling at 20°C 6 + 53 5 + 054 370 + 140

4% acetic acid, " * .«
ND ND 83 % 49 * 1800 =+
¢ 2h-boiling 4.3 0.67 110

1 (Scrubbing brush treatment at 100 circles/min x 2min under the pressure of 5 ka/cm? )

ultra-pure water,

24h-settling at 20°C ND ND 92 * 03 0.01 + 0.00 60 £ 0.8

4% acetic acid,
t +
€ 2an-settling at 20°C ND ND 14 + 06 ND 90 + 26

4% acetic acid, . X X
f ND ND 46 + 3 + 20 +
2h-boiling 6 t 64 83 + 15 520 + 78

Ni Cu Zn As Se

ultra-pure water,
0.06 + 0.01 ND 035 £+ 0.09 0.04 £ 001 01 = 00
a 24h-settling at 20°C

4% acetic acid, .
b 2ah-settling at 20°C 13 £ 035 ND 0.45 + 0.04 0.04 + 0.00 01 £+ 00

4% acetic acid, .
+ + + + +
c 2h-boiling 70 £ 049 0.01 + 0.00 051 + 0.14 0.06 + 0.01 01 £ 00

1 (Scrubbing brush treatment at 100 circles/min x 2min under the pressure of 5 kg/cm? )

ultra-pure water,

24n-settling at 20°C 0.27 + 0.02 ND 0.66 + 0.22 0.04 + 0.00 01 = 00

4% acetic acid,
+ + + +
e 24h-settling at 20°C 033 + 0.03 ND 049 + 0.10 0.04 + 0.00 01 £ 00

4% acetic acid, . - *
f 29 + 0.06 + 06 + 015 0.07 01 £ 00
2h-boiling 0.43 0.02 0.01

Mo Cd Sb Pb U

a ultra—pun'e water,o 061 + 0.12 0.015 + 0.001 0.013 + 0.001 0.030 + 0.001 0.029 + 0.0072
24h-settling at 20°C

4% acetic acid, *
b 24h-settling at 20°C 035 + 0.04 0.015 + 0.002 0.015 + 0.001 0.080 + 0.030 0.044 * 0.0075

+

4% acetic acid,

+ + * + * + * + *
¢ 2h-boiling 034 + 0.07 0020 + ppo1” 0019 * 0002 016 * 0,054 0.047 + 0016
1 (Scrubbing brush treatment at 100 circles/min x 2min under the pressure of 5 kg/cm? )
Itra-| ter,
g Uhrapure water 0027 + 002 0014 + 000l 0012 + 0001 0018 + 0.001 0044 + 0.0058

24h-settling at 20°C

N
o Hoaceticacd, 030 + 003 0014 + 0001 0014 + 0002 0034 + 0008 0045 + 0.014
24h-settling at 20°C

A% ic acid, . . . . .
f Zhosgﬁit:;amd 0.34 + 0.02 0.022 + 0.001 0.027 + 0.010 0.089 + 0,014 0.072 £ 0.017

ND: not detected
* p <0.01 significantly increase compared with "a" or "d" by Dunnett's method (multiple comparison).
ND was treated as a minimum limit of determination.
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3. PILE = LB

TN =g LB ONT, and f O6 MU EZIT > ZRBRIERICOWT
15 T RBEEZL ICP-MS T—F oM L. METHKBEOE({LE KR L, AT
FECTIXREE Z /M E LTWD ICP-MS ot & iz Z &I kv | KR &
THHEMNARETH 7=, Table 10 (ICT7 /L 2 =7 AHUGRIC 1T 5 KL XL v 15
NIRRT O 15 MMETRREOKEEZ R L, BEEIZOMETLE
HEZBW T, BRBEETELL2PBREINTEY ., a W LY b AH O 2R
BETHEHL, bAH I cABEBOFNERECEH T IHEHAB AN, &
S, B EZEDd, e BERIICBENTSH, dAE LY e LEDO TN &
BETHEHL, e WL LY f WO G R EBE CRHT2EHABA O, A
MIETHNTZT VI =0 DGO ERETH D Al OISOV TIT a LK
31 ng/mL, b ZLEE/KH 4,000 ng/mL, c ZLFE/KH 960,000 ng/mL, d ALEEK H
63 ng/mL., e ALEE/KH 4,700 ng/mL, f ZLEE/KH 770,000 ng/mL TH Y, \WT° i
DRI N T OO TR ICHE_NEbHRETHEHLL, 7. £2Tox
FIZB N TallBiKELY c WHAK, d LKLY { WEKD T RRHBENE
BlZEm otz (p<0.01), c MLHERAK2S d B K ~DEE EFHIZE D T,
BEOTIC LD WHOBEIMT AL N2 o0z,
ZOMDIEFRIZONTIEIT VI =T L O — AR FEETIL R Wn A
ICP-MS 73T & Wiz Z &2 k0, RRETIETH D Nt S i,
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Table 10 The concentrations (ng/mL) of fifteen trace elements in water samples from aluminum cookware

subjected to six treatments (mean+SD, n=5)

Treatment B Al Cr Mn Fe
ultra-pure water,
+ + + + +
a 24h-settling at 20°C 36 = 0.92 31 £ 25 0.27 + 0.03 098 = 0.20 50 £ 1.2
4% acetic acid,
3 + 0. , + + 8. + 3.
b 24h-settling at 20°C 33 0.26 4,000 500 ND 44 8.7 67 33
4% i id,
¢ oace .“C acid 13 + 21* 960,000 + 90,000* 10 + 16" 3200 + 260* 6,700 + 360*
2h-boiling
1 (Scrubbing brush treatment at 100 circles/min x 2min under the pressure of 5 kg/cm? )
ultra-pure water,
d 13 + 027 63 + 17 ND 81 + 19 47 £ 14
24h-settling at 20°C
4% acetic acid,
15 + 0.3 4,700 + 1,0 ND + 01 80 + 1
€ 24h-settling at 20°C 5+ 038 70 000 39£9 0
4% acetic acid,
g oA 860 + 22* 770,000 * 200,000* 440 + 7.1* 2,700 + 350* 8,000 + 970*
2h-boiling
Ni Cu Zn As Se
ultra-pure water,
. + 0.01 ND .15 + 0.031 .02 = 0. ND
a 24h-settling at 20°C 0.05 0.0 0.15 0.03 0.0 0.00
4% acetic acid, .
+ +
b 24h-settling at 20°C 022 = 0.05 ND 25 + 034 ND ND
4% ti id,
¢ reaceticact 18 + 1.7* 093 + 0.24* 9.6 + 1.3* 034 + 0.07* 15 + 04*
2h-boiling
1 (Scrubbing brush treatment at 100 circles/min x 2min under the pressure of 5 kg/cm? )
Itra- ter,
g Yltra-pure water, 0.18 + 002 001 + 001 014 + 0003 006 + 001 03 + 00
24h-settling at 20°C
4% acetic acid,
062 = 0.16 0.03 = 0.02 12 + 031 0.04 + 0.01 01 = 00
¢ 24h-settling at 20°C
4% i id,
f Oac,e_tlc acid 20 + 52* 16 + 51* 170 + 26* 14 + 18* 67 + 1.1*
2h-boiling
Mo Cd Sh Pb U
Itra- \
a Ultra-pure water, 022 + 001 0.045 + 0.010 0007 + 0001 0039 + 0010 0016 + 00043
24h-settling at 20°C
4% acetic acid
' .19 + 0. .25 + 0.05* .06 + 0.01 .68 + 0.07 029 + 0.0082
b 24n-settling at 20°C 0.19 + 0.00 025 * 0.05 0.06 + 0.010 0.68 + 0.076 0.029 + 0.008
0 L
c 4% ac_e_tlc acid, 22 + 0.28* 0.39 + 0.091* 10 * 028" 53 + 1.3* 14 + 037"
2h-boiling
1 (Scrubbing brush treatment at 100 circles/min x 2min under the pressure of 5 kq/cmz)
Itra- ter,
g Uhrapure water. 036 + 0.02 0016 * 0.003 0.039 * 0.005 ND 010 + 0010
24h-settling at 20°C
4% ti id,
g oacencacld, 026 + 0.05 0029 + 0.005 003 + 0012 027 + 0028 009 + 0017
24h-settling at 20°C
4% ti id,
§ 270 aceticad 210 + 45% 16 + 0.064* 12 + 01* 36 = 03* 96 + 14*
2h-boiling

ND: not detected
* p <0.01 significantly increase compared with "a" or "d" by Dunnett's method (multiple comparison).
ND was treated as a minimum limit of determination.
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EVE FE

1. R0 &4

AWFFEICHW Ay g vRSIZOWT, 156 mHEH, BMKQLE & g LT
WERE AL PR 35 L OVEERS - DB LI L v ¥ & ok L7- 5% 1T B. Al. Mn. Ni,
Cu, Zn, As, Se, Cd, Sb, Pb BXOU THo7=, 21 b DmFEITEHMMAKLEE
KTHDaRBAKBIXOdREKE KL T, Bz MW/ b, c HKE X
We, TWEHKDIFEAEDORENFGEICHML = (p<0.01), HEINOMEm 2
RONTERNHEHFFOICIEER TR TR0 T, T T ER D 7o
Tl lilEDEEBERXONDN, B, +RICHLNICT LI ENTET, 4%
DEEE LTSN,

Arw R Fe 2 TS LT, BEBEZIRG LICERT 7 ZE ORI L &R

(Y, 800~850 COIRE CHEIFMBE T TRIET S, @BORMEL X
OCMEDORFMEZAN L THRELELS . MEEZHRKAHMATZbO L L TLEM
FLTbHvend Y, AR THWIE ARy e RSO 6T, NiERs X4t
HELRFET, SHWHYFBOETH o7 (Fig.9), AHFETH R a Y
BUER O JFRER 0 12D, T R X R HTIE (PIXE 20 #1) 12Xk 0 o#r
AT 2 7co ICP-MS X O L RIRE Z | E TE 5 DITxt L, PIXE [F#H AR

Before treatment After treatment

Fig. 9 The enamel cookwares, which ware before

and after a scrubbing brush treatment.
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Bt o2 M TR T 5 2 N TE D720, ARRELREER B o I E
REMRIKSFIH SN T WD, RFSETIEA DU v v fEFREOME R O ILHEICD
WTH T2 ERTE, AHTH-T-, HOMENL, AL Si. P, S,

Cl. K, Ti, Cr. Fe, Zn, Pb, Rb, Zr, Nb, Shb BZ&FhT\5sZ
EMERTET, RHSNTEXZEFOPTIX, FIZTIGENE -7, Tileo
WTIEARM IO HRBR TIEIOM 2T o T RWA A RICHW AR r Y
A OHIE R I, —RMIC LS ARERE LTHWSOND ZEBLTF ¥ B ERL
BELTEASNTVWDOARELRDH D LB BT, o, RUFIE O FERR LB
BLOWEERE - UhS QBRI X 2N L7z Al, Zn, Sb, Pb 23 REHICE E
NTWEZENb BB LR ADOEE KRS & L THMER ORMEHRITRA

NTWeEREHLEZEEZon D, AlIZAA - #B6, ZnidHe - B,

Sh gt - Hae C L LTHWORD Z ERZ W, ALIZEARRTT AV /7
AL LTRSS oL, BE, FARIZOVWTELFELTEY . @B E
AL L THEEAMILZIHAVWLRTWS, AMKIZIEHRIN iz < <
99% X% D F Pt S v, ENIZIEME (B Al & LT 30~50mg) fF7EL T\
% 22229 HfEE T Al OMBEMICOVWTIRERHSATEL P, RZEFRW
EINTWVWD, —FH, BEERICEVENICE DT VI =0 LAMIEFIE. ALS
(MMM RBEALEE) , N—F v Y UHENER I 2 ERMbN TN D %9
TV NA<—JFE Al ODBEBICO OV TIFBEICES RSN TV DH R, HTE
TR ZMFEIIE 220 SRR ST g 3412899 7n (T AEYI & > TRHAED
LHETHDHEBZOLNTEY | SEIERRZIENALNLTWVD, WREIEIIC
Ko THRARENEZ 20, KFEICHE T LW HIEEITIEW O, /EZEIX
BRnWEEZOLND, Sh idt M T L2EMEEEL LT FEST 2 — L0
fitige & & HICER., TH, HEe o ERERL, = RIL -7 FEUH
CAald, CAMZRIEL., BEANRZER, BEREXREET LT LE0ML
NTWBER O RIFFETOEINEIMETHY, MEICT L L ERNWEE X
b, RUTFEORFERALE, File - WA IC X 2 HBMA Ao N/ xHE D
2%, B, Mn, Ni, Cu, As, Se. CdBLW UL, PIXEIZKDH v v
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DIFE I ClEm SN ho 7=, PIXE DT, BMHEEMET 3 2E0E
BENDRLS, ADOLHFEOEHEENPZ VWL, MEHTERWI EBH D,
PIXE p#HriCB T 2HMHERFIZIZL OILHET lppm BETH L0 L, &H
BB W TREREICHWZ ICP-MS X ppb =L 225 ppt L~ DKW R
ECTERTED, 207D, HHEMB AL N TZDFEEOATIC L 0 sl S e
Mol uFEIL, RFFEICEIT D PIXE O CEBHRAL T ThH-o72LEZX D
N,EBRICIIBEETELHLIN R Y n UMEOR LA MP L LTEEN
T, ThZENOLMBIZEI>THEHLEZL D EEZ LN S,
AR UORBIIEN - BEAL, MLAMHS, W2 EOFERR., Hi
Bah, @M, LEMREZIICOES, —RIC, Avevilfibhd THaRE
LK Fe ThHDH, KL THWEZR Y r v ®EIZHO W TIE, TH&RET
bHDH Fe DIEIZH VT, KLABICH R, BEfEE L OEEE: - LI X 5%
HEIMTR o drodz, o, HOTHIZICENTH, BEDO LFITR LN
minole, MEDZ &R0 | RG-S TR L - THFESRIBEL . T H
BRETHD Fe NEMTHZ 3ot 525, HBOTFREIZLY, £
DODENBEHRIZ LV R TE 722 (Fig. 9), THE&EO Fe NIEHT 5 Z L3k
Mmoleled, MIEOREO LN EELZT . TOKRERSNT T RGOS
BHLEEEEALND, Ay vEOHETNIZEWTIE, SPRVEE LT
THROHBSLARELAELL2LAELEL . 20X RGAITITMED K
HMERPEH LTS ROAIBERDDLEEIOND, EDTD, FRIZEREL
GRANRE MR LT 25613 HHBELARIFOIY BT I3 4 F i 22 i

palsy

BETHICIT I RETHD, AERLHERLOL DB LEMIC OV ToEHR
BRI A% OB L L,
ODRETIE TBEBLIOABUEORKEE ] CAhyr U3 EBEIZONT

Cd & Pb DEHEENRIT O TWD, FRk 16 FFE KO 17 FE D

BB AT O R 2B E A EEAEEAKRE (1SO) ofikE2 %2 Cd B
KO P OB OBRAEAK S, T3 E X ORARLE O L) 137k
20 FICIESNTE ZAHTHD Y, KR THA LI@HEIZ., Avr vg
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B NIIRBAEOHKEED S b THREZMIZ LI ZICZDOERI N 25
cm U ETHLHEE) o [F &N 3LARNM) © DNBGHHEHEHER ) IT%487T 5,
Z OB FEEME IR A1 4 % B 2 72 LHE IR T 24 R o &4 T, Cd 28
70 ng/mL.Pb 7% 400 ng/mL T& v  AHFIE O FEFRIZ I\ TiE Cd 23 0.55 ng/mL,
Pb 2% 7.8 ng/mL CTHEHEM N TH > 72, Cd 1T 1960 4FLH 7> & & 1L I 43 )1 5 8k <
SHRLIEAZAATAFRORINE L THEE SN TEE Y gEKFIZ Cd
BENDZILIEIENTHIN WIS TE AL O LEBERICL > TR
MICER L, BRI 220382605 %Y, PhIZEHOHINT LT WIE
Thorlw, flixr O LERBITIRMY, AL LTEENANTVD, E RO
fEFER B L L CII M P OMIEE O EFIZ X0 MRt ik B IICFEEN b 7
b, o, BMRXEAREAORRK L bl LB ICEELZLZLLE
KRR RAE R 2R3 Y, AR T DA LB KT O Cd B L O Pb DX
KAVEL X 0 b HERR, HERE - BEAEICB W TEWEB A RS-0, kA
MBIk VAo RENALEHLIEZEEZX NS, FAO/IWHO & [F £
MmN EMZE S (JECFA) Tk, BEHBIMARBIREL LTI I U LR
25 9/kg RE/H ERELTWD, AERICE TR ROK S @ WIRE DOV
fEIX, BRI TAN055ug/lL THY, Ao vfEofHICEID ., BrHERALR
BREEIC L DR ENE LD REIIBENEZEZOND,

MELZ 15 xFzDH> b, Ave v EOREE TR, Bl L2 72 O8ic
LOWMBEMARONT, 2oRKBERBELRIT AL TWARWILHED Cr, Mo

BERBERE ST, AFRETIIERE ST 28 E LTV ICP-MS &

ANl btk MERBEEAFAINTWVWDL TERMUETE T, TNE OB
TFRIZEBORMPIIZ LD b OPNERENOMHELTLHEICLDbDEH
ZOLNDEN,ZOHKREWHONICT H-OICIETYZA T o v 8GO FE O M,
BETR, ., WEICRBT2RERELGOHEMRRFTALETH D &5
b,

ARy v LEH SN TRICOVWT BERL TR > T
LK ITLFROBMEICKE SV THREIN TV DHER ERME & AN O R HK = #

L
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WML7eHGGoERELZHE L, R 1LICHA Yy VRISMICB T 26210 %A

A (d., e,

f) z#BRLELAIC,

FFA EIRAEIC X LTI 5y 0 1 OFERIZ 22

L Ll iiRKEZ AN THRE L dOAHEAKITZE A LTHICKAT 288

LFZDOKRPETHL 2LZHERLEGEZRE L, Bzl e BIU

K11 AU vRENIBIT 2G0T HRAEK (d e, ) BIRIFEOTFAE LREICH T 2 o R EBIREDOEHA

JLHR B Al Cr Mn Fe
. . 1 1 1
d ik, 20°C 24h : B n e 530
. o 1 1 1 1 1
0, ° —_—
e 4HHERE, 20°C 240 1,200 1,300 1,200 430,000 26,000
N 1 1 1 1 1
O T7E i 7 _ _ _ _
f AHRERE, DB 2n 86 520 4,200 350,000 120,000
TR BRI e i R T 725 3% B it 7% b R A [E M=
i v 72 fiE (7 AV ) (JECFA) (WHO) (HAND £ BRI ) (HAAD BRI
20mg/ A 1mg/kg/id 250ug/ A 11mg/ A 50m g /H
JLHR Ni Cu Zn As Se
P o 1 1 1 1
d BHIAK. 20C 24n 1,100 6,700,000 63 1,400
o 1 1 1 1 1
0, 2 — — — —_— —
€ 4%HFRE, 20C 240 6,800 9,000,000 550,000 14,000 250,000
1 1 1 1 1
e R — — —_ rryvey
f AHERE, DB 2n 16,000 3,000,000 570,000 640 130,000
7 — A S it 7% b R A ifi 2 - R AE AR ifi 2% b R A
PR O 7o A (WHO) (A A e T ) (RAAD SRR ) (7T AU 7) (RAAD L BRI
0.005m g/k g/H 10mg/ H 40mg/ H 0.8ug/kg/ H 280ug/ H
JLH# Mo Cd Sh Pb 0]
. . 1 1 1 1 1
d  A#ixk, 20°C 2 340 2,100 20 5,600 5000
o 1 1 1 1 1
o0 i
e 4%RERE, 20C 240 99,000 200,000 5,500 9,500 23,000
N 1 1 1 1 1
O RR 1 1 1 1
f AHERE, DB 2n 31,000 25,000 1,400 2,000 1,500
it 7% b BR i BEmEmns g A BB weonmnsmne A — BB
gl 7o fil (RAND L BRI ) (JECFA) (WHO) (JECFA) (WHO)
550pg/ H Tug/kg/1H 6ug/kg/ H 25pg/ke/iIH 0.6pg/kg/IH

dAFEKIZOWTIZIA2LER L7254 .
e IRHHERBRIZB W TR LR 072 120D 7R L
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LB AT BEE L RSO A% FEFECTh D720, 2EEBEH S P RS BNHEF L2 F
A 22 fE 0 TEFEEDEFEERE ] OEESFH (411,900 ¥ = U v hL) ZEER L
ANE720 1 AYZDICHAEL.1LE 9 mLERLEZAZIEL. R L,
diEikzZ 1 H2 LERLZEAGD BAEDS ERMEICEL ., R LRERE
(20 mg/H) OS5 1OERERD I ENDNoTZ, e LBk %Z 1 H 9 mL
ERLZHAO Cu lxit% ERME (10 mg/H) @ 9,000,000 4y ® 1 T b {KE T
bole, RFFETHARY v VRSN OHEH S 15 oL, ARIRE £ 72 1T
BETHY BEFOMRAEZEEEZ DL, A yn v RO EE OB ToM MR
PECIX, tEOBEHIC L8 - BHEREICLIEELENELDBZLITD
W ENTREINTEEZEZ BN,
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2. ATULREE

ARWFFRIZH NI AT o b ZBERIZ DT 16 FEf R L KR £ % ICP-MS T4
Frifedlh, FRBEBERDCZHEOMEILEN, MIRETIETH 2P HRE S L
Too RBFFETHEM L2 ICP-MS iZmFIcxt LEI&E C©h 5 7o, RBREK I
BERRBRESHINTWOIMEBLRL/HRE T2,

KR THWEZAT L ARMIT I 2L 18%DAT U LASGERMTH D,
Fe-Cr-Ni D AT > L AT, Fe 2% 74% . Cr 7 18%. Ni 23 8% THEL S 41T
WA —ATFTA NRTHDH, A—ATFTA FRAT U AHITIENE, TRE,
MEE KR CAMICERL . ZEA EMARECROESEASR TS ¥,
ATV L ABBOBERZ LD E A —ATF A P RAT L AOREET A
TULVAEERED 0% TR TWDLEEIND, AT VL AL Fe lZlME
L Cr NRENICATEREEZ S VEENR 2D, STICL W, Fell
Cralzx s L@HEORIF TOBAEIIIND L, FIZ Cr A 105% L Fi272 D
EXDRRPEEICRD, SHICHLWERESRFET I RMENEEZHE LD
CrafF Rzl L., S OICmICx T DM et T, WHEEE RS T2720
Ni Z@mL Tnsg 9,

AN AT o U A DO R R r H 74% %2 59 5 Fell W Tt a
ALEE K th 52 ng/mL., b ALER/K 1 370 ng/mL, c ZLEE/K 1800 ng/mL., d WLFRK
60 ng/mL, e ZLEE/KH 90 ng/mL, f ALEE/KH 520 ng/mL THH . WT D
WMBEMHICB N THMOTTEHBICH N Kb ®IBEETHEMNL TWE, 2k
JFEFD Fe NIEH LI ATEEMERN REWEEZE X b5, FelZAEMIZE > THAEAD
TLETHY., E FOKNOKREEIZN4gTHD Y, £/, EREICEHL TIX
PRI - i - AROAIZE D Zixb 20, BEFBHEREDOHARANDORFE
B HE YE C 13 e P X B R Y 3.0~10.0 mg/H ., HELEE A 4.0~14.0 mg/H TH

B BRRZIEFHAMICATLR DL AL D REME T <, o
WMARPOEOOBRBELER>TND, FrIZ, MEHOBESLLMEITSERZ ZEZ
LT W0 KiffFecAxTs v L 2B rbRIHENT Fe BEIMETH - 72
DUHEOBRE CHMUOPMBEBELH WD Z L THROBIEHM S HiEbLH D0
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HLNnRW, Fe DEOICHMHATARRLALARLHRHRIZBNTIL, ZDOXIICHM
HaErboEM AU ELTZ AN ERDI D LiLRV,

Fo, AT UL ABBOFRERETH D Cr BL NI IZ2WTix, Fe 1 & &
FECII R Do 7oAy B MK BRIK K0 BERE QLBRK . BERE BB IS AL BROK O 5 23 15 IR
FETHEHLTWE, &b, o0 EES, Ak Thoz, LD Z & LY
4 %HER AL X V4 %EERE - R IC LV RO TE RN EHE L EE XD
no,

AHFFEEICB W TESDTRBICHWEAT VL AR—< D LOMEIZAT
LA RO A — AT F A F%R (Fe 74%, Cr 18%, Ni 8%) Tdh o 7=,
Fe . CrBLXU NI 2TCORHFICBWTEDITRIDa, b, cLEAKNSED
J#HOd, e, [RBEAK~ORE LEFIZRAONT, EoFIC KD H OB
Ronhot, 2F0 HBoFicAxAT L AflEbLEAWEZZ LIk b T
KRE~OEBIR o EZLND,

Fe . CrBXO NI UADTHRICOWTITAT v L AW — i 72 JF kT
X2V, KETH 10 ng/mL L FTORKBEE CTHRESINTE, WIFhoxk e b
WERR . WERR - MAB L OB ST AT L 2 KIERBEZ(LIZR O R -1z,
INOOEHIEHERIL, RO RMMIZE D OPIHRED OAHFE LziGhic
F2bDEZEZ2NLD, ZOHKREWLNIZT HLDITITYHAT L AR
o FUR ORI, BiE TR, WE, WREICB T A2RERE L B O MR ®mE
BLETHDLEZEZ BT,

AR TAT VLV ARBLOEH SN TR ITHONWT BERLNITR ST
WAHLETLHDHEMEICHE SV THREIN TV HEIERME & RO % H K %
BRLEGEGOBREL KL, £ 12ICAT L ARMBMIIBIT2E2T#%
BEAK (d, e, f) ZEIRLEGAIC, A LRMEICK LT o 1 oFE R
WZR DR Llc, BMKZ AN THRE Lo d B KiZe R 1 HICKRHT S
BBLEOKDSETHHI2LEZEBI LIS AEZIRE LT, BEZH Wiz e B &
O f BKITRBEEE A% 4%E CTH D720, EEAEEHS T RINHG L
TR 22 0 THFEDEFEERE ] OAESFHE (411,900 F v ) v b)) 2 H
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K12 2T VREETIBIT DE DT HRAAEK (d, e, f) EIRRFOFA LIRMEICK 2o # B REDOEI S

H

JLH B Al Cr Mn Fe
’ 1 1 1
77 \( [ES—— P
d sk, 20°C 24h 7 550,000 20
e 4%ERE, 20°C 24h B B L e 1
1,600 50,000
_— 1 1 1
06 ERE . Tl 3 [P [
f A3%RFRE. hiE 20 490 120,000 8,700
FPAY LRRABI e A T A T [DESS3iE MR 1 [RAE MR 1 FRAE
FEE I Al (7 AUA7) (JECFA) (WHO) (HAAOEIERIENE) (A ARAORIHERIE )
20mg/ H 1mg/kg/3E 250pg/ H 11mg/ H 50mg/ H
JLH Ni Cu Zn As Se
1 1 1 1
d k. 20C 240 460 30,000 500 1,400
1 1 1 1
06l EL . 207
e %M. 20C 240 84,000 7,300,000 90,000 250,000
1 1 1 1 1
VTR T
f AO%RFRE. hi 20 9,600 1,500,000 600,000 51,000 252,000
M7 — B H MR 1 FRAE TR L FRAE MV MR L R A
PRI VAl (WHO) (AARNORIHEEEE)  (HAAORIHEERILHE) (7 A1) (CEINGS- = 4i8:=0)
0.005mg/kg/ H 10mg/ H 40mg/ H 0.8pg/kg/ H 280pug/ H
JLHR Mo Cd Sh Pb u
1 1 1 1 1
d k. 20C 240 10,000 1,800 13,000 5,000 340
1 1 1 1 1
0/, T/ e X
e A%EER, 20°C 24n 160,000 400,000 2,000,000 480,000 60,000
_— 1 1 1 1 1
04 TEETIR 7 it
f A3%HFRE. i 20 150,000 250,000 1,000,000 180,000 37,000
M2 1 R A PrERE A ERE WA BERE wEEmmAERE RS B
FEE IV Al (AAADF B ) (JECFA) (WHO) (JECFA) (WHO)
550pg/ H Tug/kg/1H 6ug/ke/ H 25ug/kg/ 0.6pg/kg/IH

d BRKIZHDOWTIZIA2LBI L 7254

e PR HRRBRIC IS W TR L7 o7 e D f7e L

e MLEE/K B L OALEKIZ OV TIZIAImUER L2 B A 2 IE LTz,

1AMV - 1470 B L, 19 mLERLE-BESXREL., B

L7,

dFKZ 1 H2 LERLEZEAD Cr2iikd EREICELS . WHO @

REL TV HMAERE (250 pg/H) © 1450 1 OEERERD Z L iNbn
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o7, eflHAKEZ 1 H I mLERLALGSG O Zn XMW LIR1E (40 mg/H) @
7,300,000 73D 1 TR HIEKMETH o7z, KR TAT L 2”@ LEE S
715 uHEIE, MEEFEFLZEIMERECHY . BEFOMRAZEEZXL L, AT
YU ABEOEE OB TOMALETIE, tROBMIC L 28 - BHERE

X DREZENELDBZNII VRV ERREINTLLEEZEZ DN,
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3. FILET= LB

ARFFRICHNTET VI =7 ABEICoOW T, 15 FEMETEIREEZ ICP-MS
THMLTEE A, HFRRBETICEZEOMBETE NSRBI, KBS T
HLZICP-MS IZ R LERETH L0, ABRERTICHRIKRES A S
NTWDMEEILR DR T &7,

KFRTHNWET VI =0 2/ TAI =V A E2ERNETDHT VI =
VAGERHTHL, BETHRLEZBY, RFRICBITD AlEETaNb [ O
ETORBEEMHFIZBNT, oKk Ekbafzr~L., FRETHD Al
MBI OMBIC L > THEMAES ICEHBEICHEET 22 R" S ho -, B
W AL 24T o 72 c MELB L O f LB O T L =0 AITMEB RS H -
ELS B LI D ERICE > THER TE 72 (Fig. 10), ALIZBRRATT L
R TABBE L LTRSS oML, BE, FA ROV TEZIGEh TR, B
Ve EMEICE R, EBELRAEL LTEEAMICLELHVOLATNS Y,
AlE5&1T, Cu, Mn 2 825 h BETHRERSWIZOEWVHEBETHWLENLT
W5, ALE, ARICIERIE i< < 99% 132 @ F 8t S v, RN
B (% Al & L T30~50mg) FIELTW5D 22 HAIEE T Al O SEMICS

Before treatment After treatment

Fig. 10 The Aluminum cookwares, which ware before

and after 4% acetic acid, boiling treatment
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WTIHFEHEN TELPFRZEEF RV ESIN TS, — 5, BEERICLY B
Prick 27 Vv =9 ANIEFAE. ALS (i ZEMgE R RELIE) . N—F V)
FRNDEZDZERMBN TS ¥ /- AIBEE CTH 5 Al RN b
TELEROVALRBERELTCTAIYANAL~—FmRH DL T, gz, Al HH
BETAINAT—FHOBEBRICONWTHEHERH D & S, £ < D% - HEN
I, LinL, TAY AL~ —FHORIE A B = X LBEFER, 5T
EWFIICRA S IE Y BHEEE EET2WMEN L < A8V 1997 412 WHO
XV T AN —HOREN Al Th HHENRBIIT 2V EfEwm ST
% 3 UL, BENCAT DR EFREIC LY 7Y A~ —JF O RIE
Al DEREICHL DRMHBEMER S o722 &b AT VY A~ —F{D
FEARFKRTRWIZLTH o ZER EEEMITER L TV D ATREMHIZEE T
ThWETHHEFE LB, BRHMFELITORA TS WY,
EHZEMLTO Al OFEREIT —&IC 4~52 mg/H L ZEFHR KE WV EBRRE
NTW5 2P RBFRICE W CHERRF L OB - Pl AL BRI X 2 3 B8 500 203 38
HDHNTEBY, ZOZ LN AIBREDOREREHRICEES L —ER LD
ZLbE R BN D, JECFA (FAO/WHO & [F & MR R Z Z B 4) Tl 2006
EECHEREMMAERELZ 7mg/kg/H & BEL TWEN, B RP LU
EMHERICH ULV R ERREICEVEBEEERS D AIEERD D 205,
2006 12 1 mg/kg/HIZ5 X T 72, 1HY Y OBIEFIEFARICL D ELH
T 5, KE 50 kg D ANTH 7 mg/H & 725, RBFIERERICE W CHEBE - WG
ALERIK TR o Al R FE1E 960,000 ng/mL & EIRETH Y . REBEWRZK 7mL ST
L2 LIk TMMAERELFAFOEREL 2D, Lo Z & X0 HHGE
REFEOFMIZ L > CIIHEMEBMARREZE X T Al 28T 5 rRgtk
NHHEBEZOND, —MRIZT VI =0 L8GET BETTEHEMALLRWE D
HEENMEISNRTWD, LML, 2OZERHRICEMIh TWRWES, B2
ED XD mBERER ML, WHT 2 @IBED Al ZRVALAREEND D
2O AT WEFTICBWTIEZ O L ) 2R\ E — KD N2 ICK L THEE %M
Hy~xThsd, £/, B MBI 2 AlORFTHHCHHS AT L J,
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BHEICEEDOH 2 H, PMBEREN B L T WAL I T, i Al R
EHT 2N SO TEENLETH D Y, BRFELUMCERGHORAIZLY
Al ERINDZEDRHMOLN TS, BEEMIZEEND ALIZ, AF T A BT
NI VBT X T LR EORSELTELLOERELREICEENLTEL, 1

S ORMAICE Y 100mg A Lo Al 28 E 4 52 & &b | B ERE M A
mMEx#Ez 2L ed, REL R EOEEE LT, T@ENEIEEZZ T T
WD ANEIRA L Tidvwid 2wy TEBEIR o AEIR F AiLC ZEAE 72 13 38 ) Al 12 AR

KT HOMERDD | TEHEAEZ LAV L] ONERREINTEY ., B
fEEH O AIEIRCREMA L AIERUIR T D XLERH D L SN TWVD,

MELIET VA PAR=—LERTB UG ER=VICONT HamDb D LR
HMERKBELER—ARoEHT 2 ALREZNEL TEY ., HraldERLE L
ARV EVHALNICRENE P ERELTNDS Y, ZoREOPTH
i DA BIXBE RIS b REE R E 2L T2 ~3 HMBEL., » HFRE
Al S BICHENL, AIOBRZETIEDLZENEELWNEER AT
Wb, £, EMoFRHICL s~ TEmB™RINEVER S ZEIZEY AlD
WHBEINT 2 2N TRINZED . RKEROEGOITLUHE TIXZOREITR D
LbiLie o Tz,

Al A DTTHRITHOWTIEL, AlDO XD IZERE TIXR2WA KL S, @ik
RLBRI HL ~HERE - UBASALERIC L0 M EIC B L7z (p<0.01), Mn, Fe. Ni,
Cu, Zn T — M2 AlAE&OMEIE LTHOWLRTWS 2, RmH» HIEH
LEEsE2BbND, ZOMDTHEITHVTIZ, 1000 ng/mL UL F DK E Tk
HEniz, AFETIEEEESHT 28 E LTS ICP-MS 2 iz Z &2 &
D EOEE O RMA TGN ERRBIERTICER Lz e RIS D, T
LOTLRENRBOARMMIC LD DDA BEENPONELLLHENAICELD S DM
ZOWTIE, Y7 0=y 2O oME | BE TR, im, keilk
TO2REMEGGOLFEMRRANLETHLLEEADND,

AIFRTT VI =0 LEBMOEH SN LHRICOW T BER L NITR -
TWLETLEDBBMEICEDNTRE SN TV DL EI EIRE & A8 O % K
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FERLEZGAOERELZK L, R 1B 7 A=y 288 T 56

BALEEK (d .

f)

(SN

FEIRL-EAIC.

TR ERREICX LTl 1

DIERUNZ 72 D &R Ui, BHAK 2 AL THRE L7 d BKITE F2Y 1 HICEK

K13 7A=Y LRERICISITHEOITRLHIK (d, e, ) BIRFOFFA _LRREIZ S 3 D0 BB EOE &

JLH B Al Cr Mn Fe
. 5 1 1 1 1
d K, 20C 24h 7,700 56 680 530
1 1 1 1
%IERR . 20% PR R
e A%, 20°C 24h 1,200,000 130 25,000 56,000
— 1 7 F 1 1 1
sl R ¢
f ABEERR. DA 2h 2,100 5 51 370 560
PR PR i A o T A TR L it BRAE iM% _EBRAE
PRSI A (7 AV ) (JECFA) (WHO) (AARADRIEELE)  (HARAORFEERILYE)
20mg/ A 1mg/kg/ I 250 u g/ H 11mg/ H 50mg/ A
JLH Ni Cu Zn As Se
. 5 1 1 1 1 1
d Ak, 20C 24h 700 500,000 140,000 330 470
0N 1 1 1 1 1
D/ - fpe ——— ——— ——— —_—
e A%, 20°C 24h 45,000 30,000,000 3,000,000 90,000 250,000
1 1 1 1 1
f A%EERR. Dl 2h 1,400 56,000 21,000 260 3,800
Mt — B R MRS = FRAE MRS - R AR it 1 FRAE
FRE I A (WHO) (AARNOEFEEELSE)  (AARAORFHEE L) (7 A1) (GEINGE:= =2478 =0
0.005mg/kg/ H 10mg/ H 40mg/ H 0.8 1 g/kg/ H 280 g/ H
JLH# Mo cd Sh Pb u
. . 1 1 1 1
d  EHtisk, 20°C 24h =60 1600 3500 s 5
0N 1 1 1 1 1
4%PER% . 20°C 24h —_— —_— _—
¢ MHFR, 20°C 200,000 190,000 750,000 60,000 30,000
- 1 1 1 1 1
T
f A%EERR. P 2h 240 3,500 23,000 4,500 280
it 75 b FRAE WERGERAERR A BERE EeRMmaERE A — B ERE
gLz F Al [CEINGE:S =148 ) (JECFA) (WHO) (JECFA) (WHO)
550 n g/ H 7 g/kg/ M 6 ug/kg/H 25 ug/keg/ I 0.6 1 g/keg/ W

dALELKICOWTIFIH2UER L 72354
O A T A R O 1465
R BRI W TR H Lie o7 7o 7R L,
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AT 2BBLEOKNETHL 2LAEBR LSS EE Lz, BifkZ A
e BILO T W KIZTREEF% D 4%EB CTH D720, RERBEHS P RSN
HERT L 7Rk 22 £ 0 TR FE D A pE SR | O EPER R (411,900 2 U v L)
FERIAY7ZY - 1HY720ICHBEL, 1HI mLERLESGAEZRE L.
et L7z, el Li-@ v Eefg - WhISALER K tF o> Al #2213 960,000 ng/mL & kb
WERE CTH Y, RIEKRAN TmMLEHT 2 2 LIC k> THAEBRE L F%
DERE LD, TOH, 1H 9 mLERLAEY 7 TE A 3 D T 2 4 B
(1 mg/kg/ld) D 1AMEERDZEDH LN, ZOMOILEHE IXFF
KAEREUTTHY, b ERMICIT W f ALFEKEZ 1 H OmL R L 725

Cr 728 WHO O E L TWAHMAE#ERE (250 pg/H) ® 514550 1 OEIRTH
V. efBFl/AKZ 1 H 9mLEBERLEZEEGD Cu iTma ERiE (10 mg/H) @
30,000,000 3 1 TR HBIKME TH 7o, KFHETT A I =0 LR-EMM O EH S
iz 15 tRIT, RBEEFLEIBEKRETHY, BFEOMAELEEZX L L. 7
NI =0 LM EZBETCHERA LW R DN FEZHME LT ETOEE
OFHETOMA LM TIE, TROBWHIT X 580 - BEREIC K D EEEZEN
ELDBENTD RN ERREINTEEEZEILOLNT,
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BEMELCEFOEER~ADEZBIZONTIIZL OHRENINTHY , LHEM,
AHER. AEEIHALN I 2O DL, 5%, MELH L NO/ERED
BIRAEH SN BEOHEL L TEHPALMISN TV WBMETTED A
HEHIZOWTHEHLNIR>TWW ZENRTHREIND, AL TlEAvey
By, 27 VA T A =0 L8O 3FEOME O 4RI
WL K FERE, B K OME O T LIS L o TIEH & D 15 FEME T (B,
Al. Cr. Mn, Fe, Ni, Cu, Zn., As. Se. Mo, Cd., Sb., Po B X' U) Z /4T
L. BHENTZ ROV TBEFO A AW CRE~DOEE LR LT,

ARBFFRICHENT, RREIK T 15 MM ECFEOREIHE A L7z ICP-MS 11
KD AW A HVER ICP T ik 7e E ORI 2 T IE I b D & T
FOSMIEL L TCEALSO®HD Y, THROBRESITZRHHEELTBY,
SRR AR TH D, T D7D, AR Tk B ik 1 b e
(ppt LV) EH SN TVWHMETESRHE TE, BEHER A MY & b
NOZMETLROBEHER L Z LN TET,

A Uwa vz o T, 15 t%F T+, B, Al, Mn, Ni, Cu, Zn, As, Cd, Sh,
Pb s X OV U 2 MARLER & i U CTHEREZ W2 BRI K A4 = L
7=, M5 %, Al Zn, Sb, Pb X PIXE H#Fic L W #EHEOFETIZE TN
TWDZEDRHBNITRD KR THWEAR Yy vl (RF6A) Ok vn
UHETIC AR L OBAOER RS E L TRAES TV n# 03wl Lz
Bz, WHEMARONTZNREESITICLE Y RE SN o7 B,
Mn. Ni, Cu, As, Cd B LT U . AHFEIZE T D PIXE /58 Tidh R
FTTholtbBx b, EBEIZIEIMMETITIH 208K 7 U HIED K70 A
Mg L LTEENTEBY . ZNETNOMBICE>THEHLEbOHEZE IS,
AR THWZAR Y r U RO THI®E TH D Fe OREIIEERES L OFRE -
WIS ALE I X A INE R oot £, KRR OE D T LEIZ X -
T, THE&BTHS Fe NIEMT HZ LiE oz, DRETIE IFEBIDT
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o@D EOBMERE] 2R e g ZZHEICOWVWT Cd & Pb O IEHERGR
THENTWDN, KRBT 28 LHKP O Cd & XU Pb D I3 A HEE
NThole, A"Ur vRETMEMENH D | o E BT 170 VR 3E o Fr ik
EENLIEELEIDRDD I EDNOHLHENLTVD FIZEWEKENOIFEND Z
EH &L WO ABED ITEDR TVWEZELH D, A THW M
BHETHoTN, SEIEREOMPINTE SN TEY | fEC D724 23 #
NTnab0bbH5, ZOHE, BELLTHOWLRTWS LR ITARN & R
Y, ZEORLENBEHTLAEENH DL EBZXOND, A THEB I N
15 tHR i, RBEFLEIWMEKBECHY, BFOMALZEEZ 2L, BFHO
A TOMEHAFTETECRZOBRHICLD2BEEZEN AL BT NITD RN E
Zabhbd, Ryr v RMEIEREELZ L L RENEE LT < BE L
NS LENEHTHIAEEND DO BB LEZLOIEEH L2V LW
bV, BELESAICOVWTORHRBRIIASHOBELET 5,

2T L ZABEICONWTIE, AT L AEEeDEETH S Fe, Cr. Ni 2N
aHWELBIZLD SWEETHEHLEZ LG #MOMENRIZE > TH
ML BEx N, FFICEER DT 74% % 5D 25 Fe lc oW TlEfth ot E I
RS EBEEICEHR L, B D TR IO TEBIKRBEDOEE TH -
Too 27 L 2RI RIEMERE VLR TEHE RIS FARD LT WD

ZLDREFETEZHINTWD, KR THRE SN 15 oRiL, KEEEIX
MIKRECTHY  BEFOMAZEEE 2 2 &, @ OB TCOMHSEMETIEILHE
DWHIZ L DRELENEL2BENIETD R NEEZEZIOLND,

TN =0 LGN HOWTIE, 15 EP, WMo EFRETHD Al BETOR
HAEMFIZB W TR b mRE THEME L. Bl - 8L PEKICE W TIX, K 50kg
DFEDPK TmL/HEI L85 4A JECFA 3 E ® T 5 B & 8y i it R E (1
mo/kg/#E) &R DT ERHLMNTR oz, BEE T Al OXLEMEIZOWD
TIHAEH SN TELTRZIET RN E SN TV BEEIXEE M ST
Do TN =0 LBRUERMIIARERPRELS B b, BT 0EE LT
IR<HERH SN TWD, = RICT VI =0 ZETMETTHERL2VWE S EE
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PRI TNDN, 2O ERHEMINTWRWEE | B2 & ORMEEIK & %
flt L, BWHT 2 @IRED Al IV AT A RRMER S D, RIFFEORRNE . HL
PN EDOEE RFICT A =0 A ORE T TOMEAITERET 2 o

WMETD2ZENEETHDL EEx LN, B O CTOMASEMETIX, ©F
DIEEHIC L DEEEZENELDIBENITD RN ENR RSN, B NI
5 Al ORFHT DA S TE LT, B FEOHLHER. PRt 6E
MR L TWARWILIE TIE, ARNIC Al NEETBENH 5O TERIET Tk
FEHLEVWEYTEENRLETH D,

AWFFETH Wz 3RO & BB S S e ME T R RIRA I B RK
MUBR X 0 S HEEE 2 W B I LD mWRE CHEMTA2Em A Ao, 0
H TR FMICABE TR o RO TR T TR Dol b
ClcrdeEZLNDD, A, FHICHLNICTHZENTET, SHOHR
e LTSN, o, AMREICHNEE2TOMITIBNT, HOFLHRIC
LIULFRBHEIMIA SN R oo, KOG TR LY iE R EHT S
ZEF o RN, S RDHIEDSDTREEIT LA SCHMBHE LZ O
LBAEOEBICEHL IS BOMELE LT,

ARBFZE CIXE R E S 28 ME LTWVWD ICP-MS # Wz 2 L k v | MK
REGHELTWDLIEENPHETEZ, N6 ILHEIT, RO ANy L
ThHEWETEZLIN, ZTOHKREZH L NICTT D721 Y 3% O FE O
BE TR, B, WECBT2BREFAELEOLHFMAERTNLETHD LB
b,

BUE, KA R T2MECHEOEEMNRIIND L Hicky | AFEHAR
TR EERE, EHE OB OWTOMNERITTOIL TS, AMmxRICET S
WL, BB METHY PO XEOEEL L, SHLILKNTOBENELE
THLHOREEL SN TN TEFERLEFLVBRERRSNATVD, 5%,
B E T HOLETEN ., BHEEE BRI 2EERH LTS TS
LEZLBND, TOHRT, FHHEBANOOMEBETERBICHET ST — & 13%kD
RWOPBRTH D, BUE, HEMICHEZEOZEEICOVWTHERSINLTE
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HSRE, BHEBERIIRIOV5IZNRERIBHFLEDOHERRE

(B, SMYFEORIEEED—

HIABMDHBEXFEHRAK

EREIEIZDULNT (BIET)) 4P

X4 Cd Pb
BT CEDTERVEB IR ERT L= L& ST DREA2 50m , ,
KETHHHR 0.7 g/cm 8 b g/cm
A8 600 mIEkH 0.5 p g/cm? 1.5 u g/cm?
BipEHrL e (MRBRERERLN 1og 60 misits Lk | 0251 g/on? | 075 p g/ont
DEEM25mpl L [PBD = 25 | g/om 75 p g/om
THHHAE BE3LLE 0.25 p g/cm® | 0.5 u g/cm?
MEAGRE AR 0.05 u g/cm® | 0.5y g/cm?
ASREDHFEXIRFALE
X4 Cd Pb
BAREBIzTZEDOTERVHEB ISR A TR LIz LS (2T DFESH2.50m ) )
KB THLEH 0.7 b g/cm 8 1 g/cm
A8 600 mIKH 0.5 U g/cm? 2 u g/cm?
BikEBLex s | IRBERBERAN oo 00 mni s Lk# | 025y g/on® | 1y g/on’
DEEp25mEL [P il el b e7om
ThAHHE RE3LLE 0.25 p g/cm® | 0.5 u g/cm?
MEGAEARE 0.05 y g/cm® | 0.5y g/cm?
ARoAYEIENHRERIIARRTE
X4 Cd Pb
5&{*%7%1‘:‘3—:(‘:0)—6 huéz]‘gaii B DEN)) 2 9
SLOE R e | e ERETROY 07pe/em | 8y g/om
) bl O el P A D}
IH2.5mEKFHTHD .
- IEGRAEMASE 0.5 p g/cm? 1y g/cm?
BFEILLULDID 0.5 4 g/cm? 1y g/cm?
ik ER L EE I .
ZTDFERSH2.5emEl E MRFEABZR LN OB 0.07 p g/cm? 0.8 p g/cm?
<HBHEE sEILRBEOLD [P
MEREARE 0.07 p g/cm® | 0.4 p g/cm?
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(15 FEM R T H O R - BRiER X O ZIE - il RE) 2%

‘B (KA UH)
R - e KN TOBEITHOVWTITHMEIZ R > TRy, RAERINLEZ D
H 90%RENRIN S, ZD 5 HK 95% IR, K 4% 23 FAH )
Lkt S %,
RZHE o2, HIRMER ., EEH. REIOBERTREDRE HNEZ S,
wEE - RARCRIR, SR EE . RE K. BIR, MR T 2R & o EE R O #
ERDH D,

Al (TAI=T L)

R - HEE B ESR AlO 9% Xz 0 P s D, EITH & BICHEE
T2, Miim & & bITEN AL ER-EITENT 5,

KRZIE : BEHEIZOVWTIEEHA I N TV ARND T, ZNnEBXL LTS,

wRE - EZTIE, BHEEBICEEOH DI FEMEFICEWT, THRY, SHE

IA T R —=X R EOIERP R 2 ITHBLIT D, PR E MR,

T

- Cr (7 1)
fRE - BEBE « BEACE (B e, mPsEsE. — x4 —RIH . /R, i o o lF
BERERG ML EE) . L X7 m — LR, RS MM, %%y
R, RE, RMMPREER SICEK LTS,
RZIE : MHPERESR . RRMEE., ., JBHE - ¥ o X7 R RE . AR R
1 Ik i AL
WRE PR R & R E ISP EERN AT D, ERAERE LS LT, A ERE
(&S LRed, &b, ik, SRR BEUR, R O R 58 M
72 EORITOER A WL B v, m R E TAKUE SR O S I S M K E A
LT 5, BEEBECEIATROBESCZLNAOND, REREL L
TIE HESLCI A NOMNBEICL Y EMERERE 2T 5, MRS
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RHAGLREPDHDREREICHET D27 0 MEER BRSNS,

*Mn (=2 )

R - ENLEVBILEAF LT —ERA—R—=F X FURALZ—FD
MRy & L O, 2 < OFFEOFFRMMBERL L TEZL O
ARSI B, EEHEfkEBFoRkK, NEOREE. MHRE.
AFERE IR E A R B L O~ OB B R lE ST D,

KRZHE B MZBWTHIEARE LR TR, 2 ofEE CRERE, &
B EE . MIPERERE . EMEREORERLS IO TN, BEMONTRE
R OHAEROBEBHEMALEND D,

WRYE : ~ v A RRICEVBHEE, & 61085 —F% 0 Y VIR B e &
AT, BIEITEAR T, BMACKRIE, AR, B, RMEEE L L
TEEWRZZE V., ZE, HEHNTH R EORBMESZE . AR, U
BRARAE . SEE. THUSE ., MEAOTHE LT, SREEE. BEEE. K
EEREERL . ST oAb, NFIE, BRERERR 65, i
DR 2 ER & L TRiR, MilRE 2N H 5.

- Fe (%)
Rt - : DOLWIAEMIILETH D EEZ LN TS, RiLEkO~E I 1
B AT O IA T e e K FEEE R O SY T LR TR AR
FER SR & LTl < . RAICBIT 28OBERINITE LD THhT
NT, BUHPOSKOKREyTEPICZOETEHMIND,
RZHE : AL, WLBEICHRENEZ 2, KER AL R, A7 — U FMA R
Z 5.
WRYE - BPEF RIS LY Eek, B, BB MR, P a v s KENEZDY
WCTHZ bbb, BEFETIE, FEEOHENTI~ETT - —
VANEZ L, BFREBEOFELVERICLVESICEENE S DE

< b=V RERDL, FIIEEELZT LM E L THERAEA TH
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Do NEIZ/RV F—VRICLY, BRI, =59, BHIFE. HR.

AR T A RIR, MWK EOERNEZ D,

*Ni (=v o)
R - BEBE : RNA OELZZENT HEEEZH->TWD, £, VARV — A4
DHEEZHERT28E 2 b > TW\5, Fe WMINEE, BEHEOEN
b, A AMER. AFERH. 7V a—F U REORER &I
HLTW2, SFIEhr@EeEElbs s,
RZIE: B FORETRV, 7y M TIHEEMH ., MEET, b oo n
BeLHEN OB OB ON I REREECHFEREZBDO LI LN H D,
WEE - = > VA IVAR =T K0 BTEEEE ., I O MR R
WNTE, ZMEW, 7 /7 —ER84E 0, EHERSCHELVERNA
bhHTENDD, Flo, @R=y 7 NVICX D IFWRIRRT - ORAE

BPENVEWVIREDD D,

- Cu (4#)
RE - RE - S ST A XK HEOKERIRICKUHATH 5, ZEOBEHR OGP
DATAFAE, LR ORE . Ak o BB . & 5. JRILERS B 1
OB, $it, 3L 2T o — LR D IAE. o
FIZEELTW5S,
RZAE B R ZAEH L OSRA R Z PER I S AT 5, F 72 R AR RS 13 &M
PR DR BFRE, BEZ, ME~OBRBLERENAOND,
WRE : SV E S LT, @R, LEMRE., W, PRRSE EHMET 5,
BEOLAITE ML MBS L OEEREN 2 & = 7,

- Zn (i)
fRE - BEAE < 50 200 FREIOBER O AR Y R MEEE & LTI <. B LI RE S
AT22 L BREROBHRICET LA DIEE AL HEE
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GHEOLEAMEL THLZZ LWL HEENRHELTWD,

HJ

RZAE : REIEBE, WRZREOKEHERT . RERE, MR Rae, fER
BRENRALND,

WRE - BMETE L LT, MRRER, MR OTHAL R SRR R B - IR R
B ERRENATND

- As (B &)

R - e . e FoBEMTMBRECTHY . BREEHEMELREIED, ©FH
LE I WAL E R #R% 2 B UL & v, WARE 5 b ORI 1L
#190% & #iv,

RZIE « MAMITFER ST 7220,

WRE : BETRHEOERE LCEDL, Ek, Zo®%ER. FH., mERT
BRI B . A MR . £ L CEER (TIT R RE IR E
TRORMHRERNBD B D, B EOERIZIEE - KEEIC
BRILELARMAPRBO LN D, RNTFERLRE O ALIE.
R U - HERATh D, RIHRROCERBEERE L H D,

-Se (BLYv)

R - HERE . SR LU AECEE LTABBKREICO DS, BERILAERLE
Bt E R ILT D5 NVETF A~ F X H—F (GPX) OIFEM
AT D EE R LR IEE,

RZIE - PEALFFICE S 2SO TWERA LW Toh 55w im0 i FEE)
WHEHTHD, £, By -y ZHIFHERILHSL XY T O —
HTROLNDLIHFHEEETHY, ELURZOBEGERHEE LT
%o

WEGE c ELomEE LTHE, MOEE., SEOHEMR EDIRERNH 5,
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Mo (U 7F5V)
R -ggag . ¥V F o AxF -8, TLT b FAXF T F —EHMEAF
VH =B R EOBBOEMETLICHFMEL TV D,

RZIE - REAHFEE ., thiR e, Sk, IR, SR 22 & o E R o % A&
DHEINTWVWD,

W FRIE MO BE AR BT S THBRAEMETSI VR, AR EICR D & TR & 1
IHEBEEAK L, FHEREICAY, DARICEVIEETES Z
BB D,

- Cd (7 FI T L)

R - HRBE C PR DI A ST Cd @ 5~20% 3 lfilcikE L, 0o b
50~100% XM PRI SN D, Flo. HLED DL 6%RER
T %, KNICRIL S L7z Cd X 25 O SRR ICE T, £ 5,

RZIE : BIIEO L Z AR BN,

WRE : AR L LT, WAL LD HIEHE, = O%MPERIKE, %,
. MR, B, 52 xR EDNERE X2 L, HEIE TIEL IR 4
THET D, BIETIIMEEME, MiZEE 22, ROBRICLVE
O, e, JE, FRZAEL, BETEYa y 7 REBE D, BT
T L TEBMOEMIRMERESSEBNTH D, 7o, FFRERHER,
HHERE LB biE, B, BRAERROND,

“Sh (T vFEY)

WEE RO PEICED BUWIEM: KRB, TR, RIEE T, R
THRRBND, BEROFEFETIZZ N7 R, HE, O BES
MEOND, FEROKEGTIE, PPRINE, AREET. BHE, DHES.
O, B, BRIFFEZ. RILEKEM, AMRBED LR ERROND,
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- Pb (#1)
Rt - e : B MiTBWT, WAXETHLATREIHES N TWD A, B
IR 2L TWD e, GEIZEFICHETH 5, A T
PR L7724 10% ., PR 2 XA S vz 30% RIS
Do WM S A7 PO ITHRMEMICEICERHT 2,
RZIE : FBRBMICH N THEM, RERESRRD NN, B MW TIEH
HTRY,
WRVE : ZHSICEEZ L L, ZERBRIERZ RT, N7 4 U G
FEER L g, MRS, Bk X OBREE, B A, A
BENELOND,

U (77 v)
R - HEBE - SR ARBEBWRINIE 1~2% Th Y, mikPIcHNL., BiEe B
LI 5,

WRE « FEZ2HEMEE L TERERENRESNATVD,
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RO s Mean=+SD(n=5) B EUVCV (%)

(ng/mL)
B Al Cr Mn Fe
a BftiK Mean=SD (n=5) 29 £ 3 003 =+ 002 75 + 05 ND 49 + 1
HiB24h  CV(%) 10 49 6.2 26
b 4%EfEE  Mean=SD(n=5) 5200 + 340 2200 + 55 18 * 04 24 + 04 100 + 18
#iB24h  CV(%) 6.5 25 21 16 18
c 4%EFEE  Mean=SD (n=5) 18000 *+ 3200 1300 =+ 55 12 + 03 22 + 02 29 + 6
fnE2n  CV(%) 18 42 27 82 21
ol
d #BffiJk  Mean=SD(n=5) 1900 =+ 540 ND 67 + 06 ND 40 * 1
HiB24h  CV(%) 28 82 2.1
e 4%EFEE  Mean=SD(n=5) 1500 =+ 55 470 = 19 19 = 3 23 + 04 170 =+ 60
#iB24h  CV(%) 37 40 14 17 35
f 4%FfB:  Mean=SD(n=5) 21000 = 1600 1200 =+ 45 54 + 02 28 = 02 39 + 8
hnZE2h  CV(%) 76 37 43 6.4 20
TETRE 0.02 0.02 0.03 001 06
Ni Cu Zn As Se
a BftiK Mean=SD (n=5) 0.07 = 001 ND 0.13 =% 004 0.13 = 001 0.17 = 002
HiB24h  CV(%) 17 27 74 1
b 4%EFE:  Mean=SD (n=5) 18 * 02 29 + 03 1M+ 2 30 =+ 01 07 = 02
BiE24h  CV(%) 13 89 17 32 24
c 4%EFE:  Mean=SD(n=5) 11 % 01 09 = 0.1 81 + 05 38 = 06 05 = 0.1
n#2h CV(%) 57 11 58 17 22
ol
d #Bffi/Kk  Mean=SD(n=5) 011 =+ 004 ND 0003 = 0.001 032 =+ 009 01 =+ 00
#iB24h  CV(%) 13 24 27 82
e 4%EFEE  Mean=SD (n=5) 41 £ 10 01 % 00 66 = 19 026 =+ 000 01 % 00
#iB24h  CV(%) 23 41 29 18 20
f 4%EfB®  Mean=SD(n=5) 17 + 03 025 % 006 63 + 02 56 + 05 02 + 00
fnE2n  CV(%) 17 25 30 838 6.6
EETRIE 001 0.01 0.003 001 0.1
Mo Cd Sb Pb U
a #B#iK  MeanxSD(n=5) 14 + 06 0028 =+ 0004 0076 = 0003 0028 =+ 0002 0031 =+ 0005
#iB24h  CV(%) 41 13 43 6.2 15
b 4%EfEE  Mean=SD(n=5) 15 + 02 055 =+ 006 57 = 05 78 = 05 027 =+ 002
HiB24h  CV(%) 10 10 80 6.4 6.3
c 4%EFEE  Mean=SD (n=5) 13 + 02 034 =+ 009 24 + 2 72 =10 041 =+ 008
fnE2n  CV(%) 14 27 88 14 19
Bl
d #B#iKk  MeanxSD(n=5) 0.76 =+ 005 0007 = 0001 38 + 05 0016 =+ 0002 00030 = 00016
HiB24h  CV(%) 71 15 13 10 53
e 4%EFEE  Mean=SD(n=5) 047 =+ 007 0028 =+ 0002 49 + 05 17 = 05 012 =+ 002
#iB24h  CV(%) 14 8.3 10 30 13
f 4%FfB:  Mean=SD(n=5) 16 *+ 02 022 =+ 001 19 + 1 80 = 06 18 + 02
fnE2h  CV(%) 091 6.0 6.7 70 12
T & TRIE 001 0.005 0.002 0.002 0.0005
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MERFRERERBEEFTHER

ATUL AR Mean=+SD(n=5) £&UCV (%)

(ng/mL)
B Al Cr Mn Fe
a BftiK Mean=SD (n=5) ND 02 =+ 0.1 87 + 06 001 = 000 52 + 1
HiB24h  CV(%) 50 71 37 27
b 4%EFEE  Mean=SD (n=5) ND ND 16 = 5 15 *+ 05 370 =+ 140
#iB24h  CV(%) 33 36 38
c 4%EfEE  Mean=SD(n=5) ND ND 83 + 4 49 + 07 1800 = 110
fnEk2n - CV(%) 5.1 14 6.1
Bmoltik |
d #B#iK  Mean%SD(n=5) ND ND 92 + 03 001 = 000 60 = 1
#iB24h  CV(%) 35 37 13
e 4%EFEE  Mean=SD (n=5) ND ND 14 =1 ND 90 + 3
HiB24h  CV(%) 40 29
f 4%EFBE  Mean=SD(n=5) ND ND 46 * 6 83 * 45 520 + 78
fnEk2n  CV(%) 14 54 15
TETEE 0.02 0.02 0.03 001 06
Ni Cu Zn As Se
a #BffiJk  Mean=SD(n=5) 006 =+ 001 ND 035 = 009 004 = 001 01 + 00
#iB24h  CV(%) 13 26 14 10
b 4%EFE  Mean=SD (n=5) 13 + 06 ND 045 =+ 003 004 =+ 000 01 =+ 00
#iB24h  CV(%) 45 77 6.6 12
c 4%EFEE  Mean=SD(n=5) 70 =+ 05 001 =+ 000 051 + 022 006 =+ 001 01 =+ 00
fnE2n  CV(%) 71 37 43 23 73
Bok |
d #BffiJKk  Mean=SD(n=5) 027 =+ 002 ND 066 + 022 004 =+ 000 01 % 00
#iB24h  CV(%) 89 33 84 12
e 4%EFEE  Mean=SD(n=5) 033 =+ 003 ND 049 = 019 004 = 000 01 =+ 00
#iB24h  CV(%) 89 37 9.1 14
f 4%FfB:  Mean=SD(n=5) 29 + 04 006 =+ 003 06 + 02 007 =+ 001 01 = 00
nZ2h  CV(%) 15 58 24 14 16
TETREE 001 001 0003 001 0.1
Mo Cd Sb Pb U
a #BffiJk  MeanxSD(n=5) 061 =+ 028 0015 = 0.001 0013 = 0.001 0030 = 0001 0029 =+ 0007
BiE24h  CV(%) 47 50 11 31 25
b 4%EfEE  Mean=SD(n=5) 035 + 004 0015 =+ 0002 0015 + 0001 0080 = 0030 0044 + 0007
#iB24h  CV(%) 12 13 6.8 33 17
c 4%EFE:  Mean=SD (n=5) 034 =+ 007 0020 =+ 0001 0019 = 0002 016 =+ 005 0047 =+ 0016
fnE2n  CV(%) 19 65 13 34 33
EolE |
d #B#K  Mean=SD(n=5) 0027 =+ 0020 0014 = 0001 0012 =% 0.001 0018 =+ 0001 0044 =+ 0006
#iB24h  CV(%) 75 79 6.9 47 13
e 4%EFEE  Mean=SD(n=5) 030 =+ 003 0014 = 0001 0014 = 0002 0034 = 0010 0045 = 0014
BiE24h  CV(%) 12 38 16 29 31
f 4%EfBE  Mean=SD(n=5) 034 + 002 0022 = 0001 0027 = 0010 0089 =+ 0014 0072 =+ 0017
N2 CV(%) 65 57 22 16 23
T2 TRIE 0.01 0.005 0.002 0.002 0.0005
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TIVE=r) L BUER

Mean=SD(n=5) & &TCV (%)

MERFRERERBEEFTHER

(ng/mL)
B Al Cr Mn Fe
a #BffiJK  MeanxSD(n=5) 36 = 09 31 =3 027 =+ 003 098 =+ 020 50 = 1
#iB24h  CV(%) 25 8.1 1 21 2
b 4%EFEE  Mean=SD(n=5) 33 + 03 4000 = 500 ND 4 £ 9 67 = 3
#i824h  CV(%) 85 13 20 5
c 4%EFEE  Mean=SD(n=5) 13 + 2 960,000 + 90,000 10 = 16 3200 + 260 6700 =+ 360
fnEk2h  CV(%) 16 94 16 8.1 54
Bl
d #BffiJk  Mean=SD(n=5) 13 =+ 06 63 + 17 ND 81 *+ 19 47 £ 1
#iB24h  CV(%) 44 27 24 3
e 4%EFEE  Mean=SD(n=5) 15 + 04 4700 =+ 1000 ND 39 + 9 80 = 10
#iB24h  CV(%) 25 21 23 12
f 4%FfB:  Mean=SD(n=5) 860 =+ 22 770000 = 200,000 440 = 7 2700 *+ 350 8000 + 970
fnE2n CV(%) 25 26 16 13 12
T & TR 0.02 0.02 0.03 001 0.6
Ni Cu Zn As Se
a #BffiJk  Mean=SD(n=5) 005 = 002 ND 0.15 = 008 002 = 000 ND
#iB24h  CV(%) 43 54 28
b 4%EiEE  Mean=SD(n=5) 022 =+ 005 ND 25 + 09 ND ND
#iB24h  CV(%) 25 34
c 4%FfEE  Mean=SD(n=5) 18 + 2 093 + 024 96 = 13 034 =+ 0.11 15 + 04
fnE2h  CV(%) 95 26 14 33 26
ol
d #BffiJk  Mean=SD(n=5) 0.18 =+ 002 001 = 001 0.14 =+ 003 006 =+ 001 03 + 00
#iB24h  CV(%) 13 38 22 14 14
e 4%EFEE  Mean=SD(n=5) 062 + 016 003 =+ 002 12 + 03 004 =+ 001 01 %= 00
HiB24h  CV(%) 26 Al 27 17 29
f 4%FfBE  MeanxSD (n=5) 20 + 8 16 = 8 170 + 26 14 + 2 67 = 1.1
fnE2n  CV(%) 40 49 15 13 16
TETEE 001 001 0.003 001 0.1
Mo Cd Sb Pb ]
a #BffiJk  MeanxSD(n=5) 022 =+ 001 0045 =+ 0016 0007 = 0.001 0039 =+ 0017 0016 =+ 0006
#iB24h  CV(%) 5 35 8.1 42 37
b 4%EFEE  Mean=SD(n=5) 019 =+ 000 025 = 005 006 = 001 068 = 008 0029 = 0008
#i824h  CV(%) 22 20 17 1 29
c 4%EfEE  Mean=SD(n=5) 22 =10 039 = 009 10 = 01 53 + 20 14 = 04
fnEk2n  CV(%) 46 24 24 37 26
Bl
d #B#fiK  Mean*SD(n=5) 036 =+ 002 0016 =+ 0003 0039 =+ 0005 ND 01 %= 00
#iB24h  CV(%) 44 16 13 96
e 4%FiBE  Mean=SD(n=5) 026 =+ 005 0029 + 0005 0036 + 0012 022 =+ 009 009 =+ 002
#iB24h  CV(%) 20 18 33 34 20
f 4%FfB:  Mean=SD(n=5) 210 = 5 16 * 0.1 12 % 01 36 = 03 96 + 14
fnE2n  CV(%) 21 41 85 84 14
T2 TRIE 001 0.005 0.002 0.002 0.0005
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Summary

Aluminum pans are widely used as cookware in geaeral. In this study, aluminum pans
were treated with ultrapure water and acetic acid and subjected to boiling and scrubbing by
simulating daily cooking conditions. We analyzed and evaluated 15 trace elements eluted
from such pans. Al is the principal component of aluminum pans, and the concentrations of
Al in the samples from the aluminum pans used in this study were higher than those of other
elements under all the treatment conditions examined. The concentrations of all the elements
in the samples from the pans were significantly higher in acetic acid samples subjected to
boiling than in ultrapure water samples {p<0.01). No marked increases in the concentrations
of these clements were observed evea after the scrubbing of the pans. Therefore, it was
clarified that various clements are eluted from aluminum pans during cooking at low or
very low concentrations. However, considering previous findings, it was verified that
the possibility of acute and chronic exposure to harmful elements caused by elution from

May 2012

cookware used under general cooking conditions is low.

(Med Biol 156: 263-270 2012)

Keywords: aluminum pan, elution, trace clements, inductively coupled plasma mass

spectrometry (ICP-MS), health

Introduction

In Japan, the standards for the elution of Pb and
Cd from glass, ceramic, and enamel cookware
are specificd in the Apparatus and Containers and
Packaging of the Food Sanitation Act'. Currently,
there are many reports on the measurement of
heavy metals eluted from ceokware™, However,
data from highly sensitive analyses at ppb level
have hardly been reported. Moreover, there are
only a few reports on the elution of trace metal
elements from cookware considered to be harmful
to the human body'*",

In this study, aluminum pans widely used in
houscholds were treated with 1) ultrapure water,
2) acetic acid, and 3) acetic acid with boiling, and

263

4) were scrubbed by simulating daily cooking
conditions. We analyzed 15 trace clements, ie.,
B, Al, Cr, Mn, Fe, Ni, Cu, Zn, As, Se, Mo, Cd,
Sb, Pb, and U, which are considered to be eluted
during these treatments and adversely affect the
luman body, by inductively coupled plasma mass
spectrometry (ICP-MS). The effects of these eluted
elements on human health were also discussed.

Materials and Method
1. Material
Five commercially available eluminum pans
(diameter, 14 cm; volume, 1,300 mL; made in
China) were used.
To scrub the pans, a stainless-steel wool
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(material, 18-8 stainless steel) and cleanser
(containing 87% polishing agent and 5% straight-
chain alkyl benzene surfactant) were used.

2. Preparation of test liquids
Test  liguids prepared

to the “Testing Methods

Containers  and  Packaging-Elution  Test

Ceramic Products”™ in the Testing Methods for

Houseware of the Standard Methods of Analysis

for Hygienic Chemists™ and the International

Standard 1SO6486. To examine the effect of an

acid, 4% acetic acid was used as a representative

pseudosolvent of foods. The following treatments
were conducted.

A: Addition of 867 mL of ultrapure water (2/3 of
the pan volume) into the pan and allowing the
pan to stand at 20 T for 24 h,

B: Addition of 867 mL of 4% acetic acid into the
pan and allowing the pan to stand at 20 C for
24 h.

C: Addition of 867 mL of 4% acetic acid into the
pan, heating the pan, and maintaining moderate
boiling for 2 h.

Subsequently, the pans were scrubbed® and the

following treatments were conducted.

D: Addition of 867 mL of ultrapure water into the
pan and allowing the pan to stand at 20 C for
24h.

E: Addition of 867 mL of 4% acetic acid into the
pan ard allowing the pan to stand at 20 T for
24 h.

F: Addition of 867 mL of 4% acetic acid into the
pan, heating the pan, and maintaining moderate
boiling for 2 h.

*For scrubbing, 0.5 g of cleanser and 5 mL of

ultrapure water were added into the pan, and

the bottom of the pan was scrubbed around in a

were accaording

for Implements,

for

circular manner using a stainless-steel wool. The
pressure during scrubbing was approximately 0.4
kefen?®, and the pan was scrubbed circularly 100
times per minute. The pan was scrubbed for 2

264
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min; thus, scrubbed circularly 200 times. Then,
the pan was rinsed with tap water and washed with
ultrapure water.

In treatments C and F, the amount of liquid
decreases because of evaporation during heating;
therefore, preheated 4% acetic acid was added
into the pan to maintain the initial amount during
boiling,

3. Internal standard solution, standard solution
containing 15 elements, and ICP-MS tuning
solution

1) Internal standard solution
A 1,000 ng/mL standard solution containing Be,

Co, Te, Rh, and T] was diluted to obtain 2 100 ng/

mL internal standard solution containing Be, Co,

Te, Rh, and Tl mixed with 1% high-purity nitric

acid solution.

2) Standard solution containing 15 elements
XSTC-760A (SPEX CertiPrep. Inc.), a standard

solution containing 15 elements, was diluted to

obtain the calibration standard solutions (Std0,

Std1, Std2, and Std3) summarized in the following

table 1.

Table 1 concentrations of the calibration
standard solutions {ng/mL})
standard 0 1 2 3

v-Fe 0 12 60 300

+ B, AL, Cu, Zn 0 4 20 100

+ Mo 0 28 1470

+ Cr, Mn 0 2 10 50

* Ni, As,Se,Cd,Po 0 0.4 2 1

* Sb, U 0 008 04 2
3) ICP-MS$ tuning solution

A 1,000 ng/mL standard solution containing
Li, In, and Bi was diluted to obtain 2 10 ng/mL
solution containing Li, In, and Bi mixed with 1%
high-purity nitric acid solution.

4. Analysis system and conditions
The ICP-MS system and operation conditions
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are given below.

The ICP-MS operation conditions are as
follows: high-frequency output, 1.2 kW; flow rate
of coolant gas (Ar), 7.0 Lé/min; flow rate of plasma
gas {Ar), 1.5 Limin; flow rate of carrier gas (Ar),
0.60 Limin; nebulizer, concentric-type; amount of
sample absorbed, 0.5 mL/min; chamber, cooling
Scott-type (cooling at 2 T); plasma torch, triple-
tube minitorch; sampling depth, 4.0 mm; sampling
interface, mede of copper.

The 15 elements in the test liquids were
qualitatively and quantitatively analyzed by
the calibration curve method using the internal
standard solulion containing the 5 elements and
the standard solution containing the 15 elements.
The 15 elements corresponded to the clements in
the internal standard solution (mass number of
quantification) as follows: B corresponds to Be
(11}, Al to Co (27), Cr to Co (52), Ma to Co (55),
Fe to Co (54), Ni to Co (58), Cu to Co {63), Zn
to Co (64), As to Te (75), Se to Te (82), Mo to
Rh (98), Cd to Rh (114), Sb to Rh (121), Pbto Tl
(208), and U to T1(238).

5. Statistical analyses

The average and standard deviation of the
concentrations of the trace elements in the samples
during each treatment were calculated. In addition,
multiple comparison between the above average
and that of the control was conducted by Dunnett's
method as a statistical test for these concentrations.
SPSSI1G statistical software was used to analyze
the obtained data.

Results

All the calibration curves for the 15 elements
obtained by ICP-MS showed goed lincarity within
the concentration range examined, [t was possible
to simultaneously analyze the concentrations of
trace elements in the test liquid samples by ICP-
MS, an analytical method with high sensitivity.

The concentrations of the 15 elements were
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simultanecusly analyzed by ICP-MS for the test
samples subjected to treatments A-F {e.g., samples
A-F) using the aluminum pans, Table 2 shows
a summary of the concentrations of the 15 trace
elements detected in the test samples obtained
after each treatment of the aluminum pans. Many
of the elements were detected although at low
concentrations.

For Al, which is the principal component
of the aluminum pans used in this study, its
concentrations were 31 ng/mL in sample A,
4,000 ng/mL in sample B, 960,000 ng/mL in
sample C, 63 ng/mL in sample D, 4,700 ng/mL
in sample E, and 770,000 ng/mL in sample F. In
all the treatments, the concentrations of Al were
higher than those of the other elements. For all the
elements, the concentrations in samples C and F
were significantly higher than those in samples A
and D, respectively (p<0.01). No marked increases
in the concentration of any element in samples
D, E, and F were observed, compared with that
in samples A, B, and C, respectively, .indicati.ng
that the amounts of the cluted clements did not
increase even after scrubbing.

Discussion

The aluminum pans were treated with [)
ultrapure water, 2) 4% acetic acid, and 3) 4%
acetic acid with boiling, The concentrations of the
15 trace elements in the test solutions obtained
after each treatment were analyzed by ICP-MS.
Many of the trace elements were detected in cech
test solution although at very low concentrations
because the ICP-MS used in this study has a high
sensitivity to the elements analyzed.

The aluminum pans used in this study are made
of Al-based alloy, and their principal component
is Al. As described in the Results section, the
concentrations of Al were higher than those of
the other elements in all the samples, and it was
found that Al is relatively easily eluted from the
aluminum pans in the presence of acid and with
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Table 2 The concentrations (ng/mL) of fifteen trace elements in water samples from aluminum

cooliware subjected to six treatments (mean£SD, n=5)

Treatment B Al Cr Mn Fe
ultra-pure water, - 7 + -
A piapue TG 36 =092 3+ 25 027003 098020 SO*12
B ‘iﬁﬁéﬁ%ﬁ:ﬁm 33=026 4,000 £ 500 ND M4=87  67+33
c 31‘.’1;‘3{??1;““‘ 13+21° 960,000 £90000% 10=16" 3200=260" 6700 £ 360
| {Scrubbing brush treatment st 100 circlesmin X 2min under the pressure of 5 kg/em’)
D gk‘ﬁ;%ﬁﬁb«c 13 £ 027 6 =17 ND $1£19 47214
E m_a;::}g:;i‘:—mt 154038 4700 * 1,000 ND 9591  80=10
F 4% acetic acid, 860 =22° 770,000 + 200,000 440+ 7.1°% 2,700 =350 ° 8,000 = 970 °
2h-boiling
Ni Cu Zn As Se
A %ﬁ;&“ﬁ%t 0.05 % 0.01 ND 0.15 = 0031 0.02 = 0,00 ND
B ‘2‘:’?*’;““};2‘5-20.0 022 * 0.05 ND 25%034"° ND ND
C ;ﬁmg&“""- 8+17° 0032024°  96%13° 034£007° 15204"
| (Scrubbing brush treatment at 100 circles/min X 2min under the pressure of 5 kglem®)
D um“&ﬂﬁfn:fgb‘c 0.18 = 0,02 0.01 % 0.01 0.14 £ 0,003 006=001 03 =00
E 33‘»’:£3;°§‘3’zo~c 062+ 0.16 003 % 002 12+031 0042001 0.1%00
¥ ;ﬁ;ﬁ}fﬁ““d’ 20+52° 16%51" 170 = 26 ° x18* 67+11°
Mo Ccd sb Pb U
A ;mm::‘:;bt 022 = 0,01 0.045 £ 0010 0,007 £ 0.00 0,039 = 0.010 0.016 * 0,0043
p $oceticacid o 0192000  025%005°  006%0010 068 £ 0076 0029 00082
c g;’:;m“id' 22+028° 039+0001° 10%+028% 53=13° l4x037"
| (Scrubbing brush treatment at 100 circles/min X 2min under the pressure of 5 kg/om’)
D g“"{:;‘:'ﬂ'g,‘;‘;‘gb.c 036+002 0016+ 0003 0039 % 0.005 ND 0.10 = 0.010

g Abaceticacid, gocu 005 002020005 0036 %0012 0270028 0.09 = 0017

24h-settling 2t 20T

4% acetic acid, - . . .
F 2h-boiling 210 £ 45 1.6 = 0.064 12 £ 0.1 3.6%03

96+ 14"

ND : not detected
* p<0.01 significantly increase compared with "A” or " by Dunnett's methad (multiple comparison).
ND was treated a8 2 migimum limit of determination.
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beiling.

Al is widely distributed in nature in the form of
aluminosilicates, in which Al accounts for the third
highest percentage after O and Si. Al metals and
alloys are widely used for household application
because of their high ductility'?. In particular, Al
alloys usuvally contain Cu and Mn and are used in
various applications because of their light weight
and high strength. Al is hardly absorbed by the
human body and 99% of ingested Al is simply
excreted, that is, only a small amount of Al remains
in the body (a total of 30-50 mg)"*'*. To date, no
essential use of Al in the human body has been
demonstrated, and it is considered that humans
cannot suffer from Al deficiency. However, the
ingestion of excess Al leads to the development
of aluminum encephalopathy and osteodystrophy
among dialysis patients, as well as amyotrophic
lateral sclerosis (ALS), and Parkinson's disease
complicated by dementia'**". Although research
on the association of Alzheimer's disease with the
daily ingestion of Al has been widely carried out
for about 10 years, it has been concluded that there
is no evidence for the association'*'"**%,

Tt has been reported that the amount of Al
ingested from foods generally varies in the range
of 4-52 mgfday'®, In this study, the concentrations
of Al in the samples from the aluminum pans
increased as a result of the treatment with acetic
acid with boiling; the elution of Al from aluminum
pans may be a factor causing the wide variation in
the amount of Al ingestion, The Joint FAO/WHO
Expert Committee on Food Additives (JECFA),
an international scientific committee administered
jointly by the Food and Agriculture Organization
(FAO) and the World Health Organization {(WHO),
set a provisional tolerable weekly intake of Al
of 7 mg/kg/weck until 2006. However, JECFA
lowered the value to 1 mghkg/week in 2006
because ingesting Al even at a concentration of
lower than 7 mg/kg/week may adversely affect the
reproductive system and developmental nervous
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system in the human body. Although the daily
intake of Al depends on the diet, | mg/kg/week is
equivaleat to approximately 7 mg per day for an
adult weighing 50 kg. The experimental results in
this study revealed that the concentration of Al in
sample C was as high as 960,000 ng/mL. Drinking
approximately 7 mL of this sample is equivalent
to ingesting the tolerable daily intake of Al Thus,
people may ingest an amount of Al exceeding
the provisional tolerable weekly intake in their
daily diet under certain conditions of cooking and
dining. In general, it is recommended that the use
of aluminum pans be avoided when cooking with
acidic liquids. If this is not fully observed, people
may ingest a large amount of Al eluted from
aluminum pans that come in contact with acidic
liquids such as vinegar. Therefore, administrative
organizations and cookware manufacturers should
ensure that the general public is aware of this fact.
Morcover, the mechanism underlying aluminum
metabolism in the human body has not yet been
completely clarificd, and we should pay attention
to the fact that Al tends to be stored in the bodies
of patients with renal dysfunction and of infants
with an incomplete excretory function'.
Matsushima et al. measured the concentrations
of Al in the samples from new alumite and enamel
bowls and those that had been repeatedly used
to ensure that sufficient amount of Al had been
eluted. They reported that the concentrations
of Al in the samples from the new bowls were
significantly higher than those of Al in the samples
from the used bowls'®, They also recommended
that new cookware should be filled with an acidic
liquid such as vinegar and left to stand for 2-3
days before use, which allows Al to be eluted to
some extent before domestic use, thereby leading
to the reduced ingestion of AI'", The experimental
results of our study support their results. Although
it was predicted that a larger amount of Al would
be eluted from pans used for a longer time because
their surface are most likely scrubbed, no effect of
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serubbing was observed in our experiment.
Elements other than Al were also detected
although at lower concentrations. The concen-
trations of these elements were higher in the
acetic acid samples subjected to boiling than in
the ultrapure water samples (p<0.01). Cr, Mn,
Fe, Cu, and Zn were considerad (o be eluted from
the surface of the pans because these elements
are used in general Al-based alloys, The other
elements were detected at low concentrations
of 1,000 ng/mL or lower. The elution of these
elements into the liquid samples may be due to
impurities in the pans or dirt from the external
environment because high-sensitivity analysis was
realized using ICP-MS in this study. To clarify
this, it is necessary to examine the purity of the
raw materials used to make aluminum pans and
investigate the environmental conditions during
their manufacture, distribution, and sale in detail,
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Summary

Stainless-steel pans are widely used as cookware in general. In this study, stainless-steel

pans were treated with water and acetic acid and subjected to boiling and scratching by
simulating daily cooking conditions. We analyzed and evaluated 15 trace elements eluted
from such pans. The concentrations of Fe, Cr, and Ni, which are the principal components
of the stainless-steel pans used in this study, were higher in the acetic acid solution used for
treatment than in the ultrapure water used for treatment (p<<0.01). The concentrations of
Fe, which accounts for 74% of the components of the pans, were higher than those of Cr
and Ni in the liquid samples after all the treatments. The elements other than Fe, Cr, and
Ni were detected at low concentrations of 10 ng/ml or lower even though they were not
the principal components of stainless-steel pans. Therefore, it was clarified that low or very
low concentrations of various elements are eluted from stainless-steel pans during cooking.
However, considering previous findings, it was verified that the possibility of acute and
chronic exposure to harmful elements caused by elution from cookware used under general
cooking conditions is low.

(Med Biol 155: 588-595 2011)

Key words: cookware, stainless steel, elution, trace elements, inductively coupled plasma
mass spectrometry (ICP-MS)

Introduction

In this study, stainless-steel pans widely used in

In Japan, the standards for the elution of Pb and
Cd from glass, ceramic, and enamel cookware
are specified in the Apparatus and Containers and
Packaging of the Food Sanitation Act . Currently,
there are many reports on the measurement of
heavy metals, such as Pb, Cd, and As, eluted from
ceramic, plastic, enamel, glass, and metal dishes
and cookware®™. However, data from highly
sensitive analyses at ppb level have hardly been
reported. Moreover, there are only a few reports on
the elution of trace metal elements from cookware

considered to be harmful to the human body'*'?.,

388

households were treated with 1) water, 2) acetic
acid, and 3) acetic acid with boiling, and 4) were
scratched by simulating daily cooking conditions.
We analyzed 15 trace elements, i.e.,, B, Al, Cr,
Mn, Fe, Ni, Cu, Zn, As, Se, Mo, Cd, Sb, Pb, and
U, which are considered to be eluted during these
treatments and adversely affect the human body,
by inductively coupled plasma mass spectrometry
(ICP-MS). We also evaluated the possible oral
ingestion of trace elements eluted from cookware

during cooking.
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Materials and Method

1. Material

Five commercially available stainless- steel pans
(P.A. Inc.; material, stainless steel containing 18%
Cr; diameter, 18 cm; volume, 2,000 ml; made in
China) were used. Before the preparation of the
test liquids described below, each pan was washed
using a sponge with dishwashing detergent to
remove dirt from its surface, rinsed with tap water,
washed well with ultrapure water, and dried in air.

To the
wool (material, 18-8 stainless steel; weight,

scratch pans, a stainless-steel
approximately 50 g) and cleanser (containing 87
% polishing agent and 5% straight-chain alkyl

benzene surfactant; mildly alkaline) were used.

2. Preparation of test liquids

Test liquids were prepared according to the
“Testing Methods for Implements, Containers
and Packaging — Elution Test for Ceramic

Products” in the Testing Methods for Houseware

of the Standard Methods of Analysis for Hygienic

Chemists'? and the International Standard

1S06486. To examine the effect of acid, 4%

acetic acid was used as the pseudosolvent in foods

assuming that cookware comes into contact with
acid with a pH of 5.0 or lower. The following
treatments A-C were conducted.

A: Addition of 1,333 ml of ultrapure water (2/3 of
the pan volume) into the pan and allowing the
pan to stand at 20 ‘C for 24 h.

B: Addition of 1,333 ml of 4% acetic acid (2/3 of
the pan volume) into the pan and allowing the
pan to stand at 20 C for 24 h.

C: Addition of 1,333 ml of 4% acetic acid (2/3 of
the pan volume) into the pan, heating the pan
using a stove burner, and maintaining moderate
boiling for 2 h.

Subsequently, the pans were. scratched® and the

following treatments D-F were conducted.

D: Addition of 1,333 ml of ultrapure water (2/3 of
the pan volume) into the pan and allowing the

589

Sep 2011

pan to stand at 20 T for 24 h.

E: Addition of 1,333 ml of 4% acetic acid (2/3 of
the pan volume) into the pan and allowing the
pan to stand at 20 C for 24 h,

F: Addition of 1,333 ml of 4% acetic acid (2/3 of
the pan volume) into the pan, heating the pan
using a stove burner, and maintaining moderate
boiling for 2 h.

* For scratching, 0.5 g of cleanser and 5 ml of

ultrapure water were added into the pan, and

the bottom of the pan was scrubbed around in a

circular manner using a stainless-steel waool. The

pressure during scrubbing was approximately

0.4 kgfcm2, and the pan was scrubbed circularly

100 times per minute. The pan was scrubbed for

2 min; thus, scrubbed circularly 200 times. Then,

the pan was rinsed with tap water and washed with

ultrapure water.

In treatments A, B, D, and E, the pan was
allowed to stand at 20 T for 24 h in a thermostat
(PGV36, Conviron). During these treatments, the
pan was covered with plastic wrap (polyvinylidene
chloride film) to eliminate the effect of dust
floating in air. In treatments C and F, the amount
of liquid decreases because of evaporation during
heating; therefore, preheated 4% acetic acid was
added into the pan to maintain the initial amount
during boiling.

The prepared 4% acetic acid solution was
stored in 500-mL wide-mouthed polypropylene
(PP) bottles in a refrigerator at 4 C. They were
returned to room temperature and used for the
measurement.

All the plastic containers used for the
analysis, such as PP measuring flasks and
polytetrafluoroethylene (PTFE) resin beakers,
were immersed in a container with ultrapure
solution for precision cleaning, which was
prepared by diluting Tama Super Cleaner (TMSC;
Tama Chemicals Co., Ltd.) 30-fold, for one day,
and then washed with ultrapure water three times.
Subsequently, they were immersed in a water tank
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with 1 N nitric acid (UGR, Kanto Chemical Co.,
Inc.) for two days, washed with ultrapure water
three times, and immersed in a sealed container
filled with ultrapure water for at least two days.
These plastic containers were washed with
ultrapure water immediately before use to prevent
contamination by trace elements. PURELAB
Ultra (Organo Corporation), an ultrapure water
production system, was used for the preparation
of ultrapure water. Regarding the quality of the
ultrapure water used, the total organic carbon
{TOC) was lower than 2 u gC/l.

3. Internal standard solution, standard solution
containing 15 elements, and ICP-MS tuning
solution

1) Internal standard solution
A 1,000 ng/ml standard solution containing

Be (Kanto Chemical Co., Inc; for atomic

absorption analysis), Co (Kanto Chemical Co.,

Inc.; for chemical analysis), Te (Kanto Chemical

Co., Inc.; for atomic absorption analysis), Rh

(Kanto Chemical Co., Inc.; for atomic absorption

analysis), and Tl (Kanto Chemical Co., Inc.; for

chemical analysis) was diluted to obtain a 100 ng/

ml internal standard solution containing Be, Co,

Te, Rh, and Tl mixed with 1% high-purity nitric

acid solution.

2) Standard solution containing 15 elements
XSTC-760A (SPEX CertiPrep. Inc.), a standard

solution containing 15 elements, was used. Its

elemental concentrations are as follows: 30 ng/

ml for Fe; 10 ng/ml each for B, Al, Cu, and Zn; 7

ng/ml for Mo; 5 ng/ml each for Cr and Mn; 1 ng/

ml each for Ni, As, Se, Cd, and Pb; and 0.2 ng/

ml each for Sb and U. This solution was diluted

to obtain the calibration standard solutions (Std0,

Std1, Std2, and Std3) summarized in the table 1.

3) ICP-MS tuning solution
A 1,000 ng/ml standard solution containing

Li (Kanto Chemical Co., Inc; for chemical

analysis), In (Kanto Chemical Co., Inc.; for atomic
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absorption analysis), and Bi (Kanto Chemicl Co.,
Inc.; for chemical analysis) was diluted to obtain a
10 ng/ml solution containing Li, In, and Bi mixed
with 1% high-purity nitric acid solution.

4. Analysis system and conditions

The ICP-MS system and operation conditions
are given below.

The ICP-MS system comprises a high-frequency
(1CPM-8500,
Corporation), an automatic dilution unit (ADU-

mass  spectrometer Shimadzu
1, Shimadzu Corporation), an automatic sampler
(AS-9, Shimadzu Corporation), a recirculating
chiller (CA-2600, EYELA, Tokyo Rikakikai Co.,
Ltd.), and a low-temperature bath (NCB-1200,
EYELA, Tokyo Rikakikai Co., Ltd.).

The ICP-MS operation conditions are as
follows: high-frequency output, 1.2 kW; flow rate
of coolant gas (Ar), 7.0 I/min; flow rate of plasma
gas (Ar), 1.5 I/min; flow rate of carrier gas (Ar),
0.60 I/min; nebulizer, concentric-type; amount of
sample absorbed, 0.5 ml/min; chamber, cooling
Scott-type (cooling at 2 C); plasma torch, triple-
tube minitorch; sampling depth, 4.0 mm; sampling
interface, made of copper.

The 15 elements in the test liquids were
qualitatively and quantitatively analyzed by
the calibration curve method using the internal
standard solution containing the 5 elements and
the standard solution containing the 15 elements.
The 15 elements corresponded to the elements
in the internal standard solution (mass number
of quantification) as follows: B corresponds

Table 1 concentrations of the calibration
standard solutions (ng/ml)

standard 0 1 2 3
* Fe 0 12 60 300
+ B, Al, Cu, Zn 0 4 20 100
+ Mo 0 28 14 70
+ Cr, Mn 0 2 10 50
- Ni, As, Se, Cd. Pb 0 0.4 2 10
- Sh, U 0 0.08 04 2
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to Be (11), Al to Co (27), Cr to Co (52), Mn to
Co (55), Fe to Co (54), Ni to Co (58), Cu to Co
(63), Zn to Co (64), As to Te (75), Se to Te (82),
Mo to' Rh (98), Cd to Rh (114), Sb to Rh (121),
Pb to Tl (208), and U to T1 (238). Quantitative
measurement was conducted in the pulse mode.

5. Statistical analyses

The average and standard deviation of the
concentrations of the trace elements eluted during
each treatment were calculated. In addition,
multiple comparison between the above average
and that of the control was conducted by Dunnett's
method as a statistical test for these concentrations.
SPSS19 statistical software was used to analyze

the obtained data.

Results

All the calibration curves for the 15 elements
obtained by ICP-MS showed good linearity within
the concentration range examined. Moreover, the
minimum limit of determination were 0.02 ng/ml
for B, 0.02 ng/ml for Al, 0.03 ng/ml for Cr, 0.01
ng/ml for Mn, 0.6 ng/ml for Fe, 0.01 ng/ml for Ni,
0.01 ng/ml for Cu, 0.003 ng/m] for Zn, 0.01 ng/
ml for As, 0.1 ng/ml for Se, 0.01 ng/ml for Mo,
0.005 ng/ml for Cd, 0.002 ng/ml for Sb, 0.002
ng/ml for Pb, and 0.0005 ng/ml for U. As shown
above, it was possible to simultaneously analyze
the concentrations of trace elements contained in
the test liquid samples by ICP-MS, an analytical
method with high sensitivity.

The concentrations of the 15 elements were
simultaneously analyzed by ICP-MS for the test
samples subjected to treatments A-F (e.g., A-F
treatment samples) using the stainless-steel pans.
Changes in the concentrations of the trace elements
were examined. Table 2 shows a summary of the
concentrations of the 15 trace elements detected
in the test samples obtained after each treatment
of the stainless-steel pans, Many of the elements
were detected although at low concentrations.
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For Fe, Cr, and Ni, which are the principal
components of the stainless-steel pans used in
this study, their concentrations were higher in
the B and C treatment samples than in the A
treatment sample (p<<0.01). After scratching,
the concentrations of Fe, Cr, and Ni were higher
in the E and F treatment samples than in the D
treatment sample; the elemental concentrations in
the F treatment sample were significantly higher
than those in the D treatment sample (p<<0.01). In
particular, the concentrations of Fe, which accounts
for 74% of the components, were 52 ng/ml in the
A treatment sample, 370 ng/ml in the B treatment
sample, 1,800 ng/ml in the C treatment sample, 60
ng/ml in the D treatment sample, 90 ng/ml in the E
treatment sample, and 520 ng/ml in the F treatment
sample. In all the treatments, the concentrations of
Fe detected were higher than those of Cr and Ni.
No increase in the concentration of Fe, Cr, or Ni
in the A, B, and C treatment samples compared
with that in the D, E, and F treatment samples,
respectively, was observed, indicating that the
amounts of these ¢luted elements did not increase
even afler scratching.

The elements other than Fe, Cr, and Ni were
detected at low concentrations even though they
were not the principal components of stainless-
steel pans. This was because ICP-MS, which has a
high sensitivity, was used in this study.

Discussion

The stainless-steel pans were treated with 1)
water, 2) 4% acetic acid, and 3) 4% acetic acid
with boiling. The concentrations of the 15 trace
elements in the test solutions obtained after each
treatment were analyzed by [CP-MS. Many of the
trace elements were detected in each test solution
although at very low concentrations because the
ICP-MS used in this study has a high sensitivity to
the elements analyzed.

The stainless-steel pans used in this study are
made of austenitic Fe(74%)-Cr(18%)-Ni(8%)
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Table 2 The concentrations(ng/mL) of fifteen trace elements in water samples from stainless-steel
cookware subjected to six treatments (mean=SD, n=5)

Treatment B Al Cr Mn Fe
2 ultra-pure water. 22h-settling at 20T ND 020 £ 010 . 87=062 0.01 £ 000 52 £ 14
b 4% acetic acid, 24h-settling at 20T ND ND 16 = 53* 1.5 = 0.54* 370 = 140*
¢ 4% acetic acid, 2h-boiling ND ND 83 = 43* 49 = 067 1800 *+ 110*
+ (Scrubbing brush tr at 100 cireles/min X 2min under the pressure of 5 kg/em’)
d ultra-pure water, 24h-settling at 20T ND ND 92=03 001 = 0.00 60 * 0.8
e 4% acetic acid, 24h-settling at 20T ND ND 14 =06 ND 90 = 26
f 4% acetic acid, 2h-boiling ND ND 46 *+ 647 83 * 1.5* 520 * 78
Ni Cu Zn As Se
a  ultra-pure water, 24h-settling at 20T 0.06 = 001 ND 035 = 009 0.04 = 001 0.1 % 00
b 4% acetic acid, 24h-settling at 20T 13 = 0.35* ND 0.45 =004 0.04 = 0.00 0.1 = 00
© 4% acetic acid, Zh-boiling 70 £ 049¢ 001 = 0.00 051 = 0.14 .06 = 001 01 = 00
1 (Scrubbing brush treatment at 100 circlesfmin X 2min under the pressure of 5 kg/em’)
d ultra-pure water, 2¢h-settling at 20T 027 = 0.02 ND 0.66 + 0.22 0.04 = 0.00 0.1 =00
e 4% acetic acid, 24h-setding at 20T 033 = 003 ND 049 = .10 004 = 000 0.1 =00
f 4% acetic acid, 2h-boiling 29 = 043* 0.06 + 0.02* 06 * 0.15 007 * 0.01* 01 =00
Mo Cd Sb Pb U
a ultra-pure water, 24h-settling at 20C 061 = 0.12 0015 = 0001 0013 0001 0030 = 0001 0029 = 0.0072
b 4% acetic acid, 24h-settling at 20T 035 = 004 0.015 £ 0002 0015 £0001 0080 = 0.030 0.044 = 0.0075*
© 4% acetic acid, 2h-boiling 0.34 = 007 0020 £ 0.001* 0019 £0.002* 016 = 0.054* 0.047 = 0.016*
| (Scrubbing brush treatment at 100 circles/min X 2min under the pressure of 5 kafem’)
d ultre-pure water, 24h-settling at 20T 0.027 = 002 0014 = 0001 00120001 0018 = 0001 0.044 = 00058
© 4% acetic acid, 24h-settling at 20T 030 = 003 0014 = 0.001 0014 £0002 0034 = 0008 0045 = 0014
f 4% acetic acid, 2h-boiling 034 = 002* 0022 = 0.001* 0.027 + 0.010* 0.089 = 0.014* 0.072 = 0.017*
ND : not detected
* p=0.01 significantly increase compared with "a” or "d" by Dunnett's method (multiple comperison),

ND was treated as a minimum limit of determination.

alloy. Austenitic stainless steel is most widely used
for household and construction materials because
of its high ductility, strength, heat resistance, and

low-temperature toughness'”.,

According to a
report by the Japan Stainless Steel Association, the
production of austenitic stainless steel accounts for
more than 60% of the total production of stainless
steel. Stainless steel is resistant to rusting because
Cr added to Fe forms a nonconductive coating
over the surface to increase corrosion resistance,
The degree of corrosion under normal atmospheric
conditions decreases upon the addition of Cr to
Fe, and the anticorrosive effect of Cr becomes
significant particularly at a Cr content of 10.5%
or higher. The pans used in this study have a much
higher Cr content to obtain satisfactory corrosion
resistance even under severe conditions and also
have added Ni to improve their workability and
welding property'®.

The concentrations of Fe that accounted for

74% of the components of the stainless-steel
pans used in this study were 52 ng/ml for the A
treatment sample, 370 ng/ml for the B treatment
sample, 1800 ng/ml for the C treatment sample,
60 ng/ml for the D treatment sample, 90 ng/ml
for the E treatment sample, and 520 ng/ml for the
F treatment sample. In all treated samples, the
concentrations of Fe detected were higher than
those of Cr and Ni. This is highly probably due to
the elution of Fe from the pans. Fe is an essential
element for living organisms, and the total amount
of Fe in the human body is approximately 4 g*.
According to the Dietary Reference Intakes
formulated by the Ministry of Health, Labour and
Welfare, the estimated average necessary amount
of Fe is 3.0-10.0 mg/day and the recommended
is 4.0-14.0 mg/day,
depend on gender, age, and presence/absence

amount although they
of menstruation'”, Iron deficiency is the most

common nutritional problem in the world"**”
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owing to insufficient Fe ingestion, which is an
issue that needs to be resolved. In particular,
adolescents in their rapid growth period and
women easily develop iron deficiency®. The
shortage of Fe ingestion may be compensated
for using iron cookware in cooking, although the
concentration of Fe detected in the samples in this
study was low. Thus, elements that are essential
but deficient in our body, such as Fe, may be
supplied by effectively exploiting their elution
from cookware.

For Cr and Ni, which are also the principal
of their
concentrations were similarly higher in the B

components stainless-steel  pans,
and C treatment samples than in the A treatment
sample. After scratching, the concentrations of
Cr and Ni were higher in the E and F treatment
samples than in the D treatment sample. Therefore,
it is considered that these elements were eluted
from the pans as a result of the treatment with 4%
acetic acid and boiling.

The stainless-steel wool used for scratching
in this study was austenitic (Fe, 74%; Cr, 18
%; Ni, 8%), which is similar in composition
to the stainless-steel pans. No increase in the
concentration of Fe, Cr, or Ni from the A, B, and
C treatment samples to the D, E, and F treatment
samples, respectively, was observed, indicating
that the amounts of these elements eluted did
not increase even after scratching. Namely, the
use of the stainless-steel wool for scratching
was considered to have negligible effect on the
concentrations of the elements eluted.

The elements other than Fe, Cr, and Ni were
also detected at low concentrations of 10 ng/
ml or lower even though they were not the
principal components of stainless-steel pans.
For these elements, no marked changes in their
concentrations following the treatment with
acetic acid, boiling, or scratching were observed.
The elution of these elements may be due to
impurities in the pans or dirt from the external
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environment. To clarify this, it is necessary to
investigate, in detail, the environmental conditions
during the manufacture, distribution, and sale of
stainless-steel pans, such as the purity of their raw

materials.

Conclusions

The concentrations of 15 elements eluted from
the stainless-steel pans were found to be low or
very low in experiments simulating daily cooking
conditions such as boiling and using acetic acid.
Considering our results with previous findings,
it was verified that the possibility of acute and
chronic exposure to harmful elements eluting from
cookware used under general cooking conditions
is low.
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Fifteen Trace Elements in Eluate from Enameled Cookware
Using Inductively Coupled Plasma-Mass Spectrometry

Yumi MANAKA, Masayuki GOTOH, Katsumi KANO and Yu ASANO

Wayo Women's University Graduate School of Human Ecology

Abstract

Objective: The purpose of this research is to clarify the effects of the following treatments

on the elution of trace elements: water settling, 2 h boiling of water, acetic acid settling, and 2 h boiling of
acetic acid in prebrushed enameled cookware, and the same four treatments after brushing the surface of

enameled cookware.

Method: The eluate samples from enameled cookware subjected to the above eight treatments ware
obtained, and the concentrations of the fifteen trace elements (B, Al, Cr, Mn, Fe, Ni, Cu, Zn, As, Se, Mo, Cd,
Sb, Ph, and U) were simultaneously analyzed by inductively coupled plasma-mass spectrometry (ICP-MS).

Results: The concentrations of the fifteen clements eluted from enameled cookware were low or very
low after the treatments. Enameled cookware is made from iron covered with glass containing pigments.
The concentrations of Al, Ni, and Sb were significantly higher (p<0.01) in almost all treatments. The con-
centrations of Fe, which is the base element of enameled cookware, showed almost no change. The safety
level for enameled cookware are standardized at 70 ng/mL Cd and 400 ng/mL Pb. The Cd and Pb concen-
trations in all treatment samples were below these standard levels.

Conclusion: The results of our study and other studies conducted so far suggest that the risk of acute
or chronic toxicity associated with the use of enameled cookware under normal circumstances is extremely

low and negligible.

Key words: cookware (S5EB#8), enamel (¥ ov), elution (BHi), trace element (RUBICH),
ICP-MS (FilEf 7 7 X v-HEFimk)
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Table 1 The concentrations (ng/mL) of fifteen trace elements in water samples from enameled cookware subjected to eight treatments

(meantSD, n=5)
Treatment B Al Cr Mn Fe
a ultra-pure water, 24 h-settling at 20°C 2943 0.0340.02 7.5£0.5 ND 4921
b ultra-pure water, 2 h-boiling 950150 170£31* S.141.0 ND 631
¢ 4% acetic acid, 24 h-settling at 20°C 5200+340% 2200£55* 1.8£0.4 24x04* 10018*
d 4% acetic acid, 2 h-boiling 18,000+3200* 1300£55* 1.2£0.3 2.2+0.2% 2916
4 (Scrubbing brush treatment at 100 circles/min=2 min under the pressure of 5 kg/em?)
e ultra-pure water, 24 h-settling at 20°C 19004540 ND 6.7£0.6 ND 401
£ ultra-pure water, 2 h-beiling 1500+320 92415* 3.9+0.7 ND 4948
g 4% acetic acid, 24 h-seutling at 20°C 1500455 470+19*% 1943 23204 170+60%
h 4% acetic acid, 2 h-boiling 21,000£1600* 1200:£45% 5.4:0.2 2.820.2* 3948
Ni Cu Zn As Se
a ultra-pure water, 24 h-settling at 20°C 0.07£0.01 ND 0.1320.04 0.1320.01 0.2+0.02
b ultta-pure water, 2 h-boiling 0.29=0.00* ND 0.2220.03 0.15%0.04 0.4£0.0%
c 4% acetic acid, 24 h-settling at 20°C 1.820.2*% 2.9£0.3% 11£2* 3.040.1* 0.7£0.2*
d 4% acetic acid, 2 h-boiling 1.120.1* 0.920.1* 8.140.5% 3.8+0.6* 0.540.1*
4 (Scrubbing brush treatment at 100 circles/minx2 min under the pressure of 5 kg/cm?)
¢ ultra-pure water, 24 h-settling at 20°C 0.11=0.04 ND 0.003+0.001 0.3240.09 0.1£0.0
[ ultra-pure watet, 2 h-boiling 0.31£0.0 ND 0.14+0.02 0.2840.02 0.4+0,0
£ 4% acetic acid, 24 h-settling at 20°C 4.1£1.0* 0.140.0% 6.6+1.9* 0.26:£0.00 0.1:0.0
h 4% acetic acid, 2 h-boiling 1.7+0.3* 0.3+0.1* 6.340.2* 5.610.5% 0.2£0.0
Mo Cd Sb Pb u
a  ultra-pure water, 24 h-settling at 20°C 1.410.6 0.0280.004 0.0761£0.003 0.028+0,002 0.03120.005
b ultra-pure water, 2 h-boiling 0.13£0.02 0.0180.002 3.7+0.6* 0.03820.002 0.00330.0002
¢ 4% acetic acid, 24 h-settling at 20°C 1.5+0.2 0.55+0.06% 5.7+0.5* 7.820.5% 0.27+0.02*
d 4% acetic acid, 2 h-boiling 1.320.2 0.34+0.09% 2422% 7.231.0% 0.41£0.08*
4 (Scrubbing brush treatment at 100 ¢ircles/minx2 min under the pressure of 5 kg/em?)
¢ ultra-pure water, 24 h-settling at 20°C 0.7620.05 0.007£0.001 3.820.5 0.016+0.002 0.0030£0.0016
f ultra-purc water, 2 h-boiling 0.1920.03 0.016£0.000 2646.7% 0.038+0.003 0.0029£0.0002
2 4% acetic acid, 24 h-settling at 20°C 0.4720.07 0.028£0.002* 4.90.5 1.740.5% 0.12+0.02
T 4% acetic acid, 2 h-boiling 1.6+0.2* 0.22£0.01* 19£1* 8.0£0.6* [.8+0.2*

* p<0.01 significantly increase compared with “a” or “e” respectively by Dunnett’s method (multiple comparison).

ND: not detected
ND was treated as a minimum limit of determination.
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W TR R T B X BT 21T - 7R % Fig. 21
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FATONER L Y HRCBEREMER L (p<0.01),
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Fig. 1 The concentrations (ng/mL) of fifteen trace elements in water samples from enameled cookware subjected to eight treatments
(a-h) (meanzSD, n=5).

a: 24 h-settling at 20°C with ultra-pure water, b: 2 h-boiling with ultra-pure water, c: 24 h-settling at 20°C with 4% acetic acid. d: 2 h-boiling with
4% acetic acid. Subsequently, scrubbing brush by a scourer. e 24 h-settling at 20°C with ultra-pure water. f: 2 h-boiling with ultra-pure water.
g: 24 h-settling at 20°C with 4% acetic acid, h: 2 h-boiling with 4% acetic acid,
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Fig. 2 Detection of the elements from the raw materials in enameled cookware by PIXE.
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The concentrations of fifteen trace elements in eluate obtained from water,
acetic acid and boil treatments in aluminum cookware using ICP-MS

Yumi MANAKA, Masayuki GOTOH and Katsumi KANO

The effect of elution of trace elements with water, acetic acid and boil treatments from aluminum
cookware was investigated. Water samples in an aluminum cookware were subjected to three treatments
and the concentrations of fifteen trace elements (B, Al Cr, Mn. Fe, Ni, Cu, Zn, As, Se, Mo, Cd, Sb, Pb and
U) were simultaneously analyzed by inductively coupled plasma-mass spectrometry (ICP-MS).

The following results were observed: Fifteen elements were detected in most samples from each
treatment. The concentrations of Al which was the main material of the aluminum cookware in each
sample were remarkably high. Mn, Ni and Zn were materials contained in the aluminum base alloy. The
concentrations of these minerals in each sample were high. Al, Mn, Ni and Zn in water samples of 2
h-boiling with acetic acid treatment were highest, and the concentrations of four elements in the samples of
24h-settling with acetic acid at 20°C treatment were higher than the case of 24h-settling with the water
treatment, respectively.

The safety level concentrations for enamel cookware are standardized at Pb (400 ¢ g/L) and Cd (70 p
g/L). In this study using aluminum cookware, Pb and Cd concentrations in all treatment samples were

below the standard levels for enamel cookware.
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TIREEC BLTHE—RMICEL ERAE ATV ARERNEFERETHE 7 IV I =Y AEEIC DT,
k. EiEEE X B MOLA FIcBOTEHE NS ISHEMETTE : RvE @), 7IHI=vh (AD,
pah (CO.TYHY (Mn). 8% (Fe).=wrb (N, 8 (Cw. HE (Zn), £FE (As). Ll (Se),
FUTFY (Mo). HEIWL (Cd) TYFEY (Sb). # (Pb) BLUY TV (U) ZICP-MSEILLD
M L. PR & D AR EESENEME WA WEEEIC OV TORRMRE 2T o Tz, TORR, HTO
HREEOTHET 5,

I. ERHIURBRAE

1. B8

SHEFTHIRO 7V I =y LR (WA 7 )L SRS, #6: 7OV I= U had, HE: 14,
HOKZAE 130, hER) BV, MG SEERAVTHART> /. 5EDBTNTIUIONT,
TaRic SRR DA TAT 2 1988 T 5 Milc RRBEAIHEN & AR Y YRRV TREOHNEIRD . AGEKTTTW
7%, BT HICRR LERER UL ORBHERICAV.

2. BREHOEE

SRRV, S SREOEER GRS (B8 - ARA%S X URAREE €73 v J HROEH
ER | 1P s & O EIREEE SIS (1S06486) ICMEL THBE Lic, /o, BMIC X BHBERNT 3/HOH
Wik, pH5.OLUFTOHMAINE L RRELIAHE LTRT 4 %REMEMA V., 7V =y LI (Rt
BT 5{8) LDV T, FicDa, bBET c OUBETOIRRATRZFEL.

a : $812832 mL Gi/ko 2/ 34 O@MukEAN, 20CT24RFEME LT,

b : 8812832 mL (/ko 2/3AH) 4 %EEE AN, 20°CT24RFMHE L7,

c 1 5RIc832 mL (ko 2/3AR) @4 %EEEE AN, ARV ERCTHRL, DFPXiiEz
2 RERTRER LTz,

B, aBiUbABERO20°C - 24RREIEEE, EIRE (convironttBIPGV36) ZfEM Liz. O,



TRz LB BT Ak, T LRI ISBRRTERY— BBRET 7 X7 RN (PN ZRVLSRZRAN — (B - 58 - i) 23

ZeIBEDOMEIC X 3 EEEFHHRT Bk, @icTy 7 (RVRLE=VF T 2)00) BT THREL
feo Fie. cEMBRNZERIC X VERNEDT I RO, HE5HLHMELTHBWIE 4 %BEEEZ VIO
RiCi 2 TEMUBEERRE 8,

A E N2 TORBRIBHIZS00mULOHE (MEIRR) 7oLy | PPER) CREIL. 4°CTHE
7. AERICERICE LAV,

PPABE EMMTCERLIELTO TS AF vy FRBE PPRART S A% 7 v HEIEPTFER Y —
H—th) 1. et REEEREE (SR ITENTMSCEZ30ERI) A DA 1 HiRUEMK
% 3ETo . EHIC I NMEE (BIE{LZBUCR) 7KFEIC 2 HER L. @8kt T 3 BlkH, &5t
KRR LS ARIC 2 AL BRI L., EHEMCEMUKIRF 2TV, MEIRETRIC X 5150R%
B & &S BB Uz, AbkELEHRITA A/ BPURELAB UltraZ{ER Uz, #EHIAKKEIZTOC< 2 ugC/
LTH->7

3. AEEREE. 15ETE - 2BEERSEBLUMSFa -2V 7

1) MERERATE - NU UYL (BeBIMEEBEFRAADHAD . 20V (CoBIR LR ZE0H ).
TV (TelS{EHFEFIEH ), 2o L (REEFRIEZBREFRAEDE) BIXUTLUTL (T]
B B E 4T ) & 1000mg/LISHER ZFH R L T, 50mL PPA2RICBe, Co, Te, Rhis X UTI#
100pg/L (1 %At MEETATE § 500uL R BEL5 T 3By BBl i S Al SRS RS RE IS BBAUK 2 N2 T 50 mL
2T %) BENEHEETEIER L.

2) |5FTAMRUETATL | SPEXBIXSTC-760A (15TE/CREISHES) R Uiz, ABHERIZ, Feld30mg/
L. B+ Al-Cu-Znl310mg/L. Motk 7mg/L. Cr * Mnid 5mg/L. Ni* As - Se - Cd - Pbi¥ 1 mg/L. Sb-
Uld02mg/LTH 5. AZEFHRNL T FIORT REBRENESFR (Stdo, 1, 2. 3) Z{EK L, Std0
X50mL PPASRICHESI/E 10mL & EHl B RSEESOOuL A N A BHUK TS0MLICER Uiz, Stdl. 2BLT
3%, 50mL PPASFICEM/KE 10mL, HHIEHEE500uL 35 L USPEXBIXSTC-760A%20uL, 100pLis &
U500pLhn A Rk T50mLICEA L, R Lz,

AT Std O Std 1 Std 2 Std 3
Fe 0 12 60 300
B, Al, Cu, Zn 0 4 20 100
Mo 0 28 14 70
Cr, Mn 0 2 10 50
Ni, As, Se, Cd, Pb 0 0.4 2 10
Sb, U 0 0.08 0.4 2
(B pg/l)

3) MSFa—= ¥ VFU L (LIBEE(CFRIERZSHA). 42 Y 0 L (InBIR{EEREFRED
FH) BIUTEATA (BiM#EZEEESTH) £1000mg/LEERZFNL T, 50mL PPARICLI
In#s X UBi 10pg/L (1 %EMERESR BEBWEMER Lz, F a2 -V FHORFZ 2 EELUA
Ui Fi, ABHIERERCER LIc<A 70y 2—F v FE@EMERES X UBHK Tk
Bl

4. HiiRES JUEHF
AREEP 15 RBFEFEE T 7 X WESHEE (ICP-MS) ZRWTHHT Uiz, ICP-MSHHDE#E
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BEURHELITICRY .

CP-MSEE I B G B R AOATAEE  (FEMICPM-8500). ICPAABAMERE (BMBADU-1), 4—
VTS — (BEEAS-O). HAUKIEESEE (EYELAMCA-2600) 3 & UHERMEEKE (EYELAR
NCB-1200) Z{HER L1z,

ICP-MS4 el

R E S 1.2kW, 2 —5 > k AR (Fbd > AAr) ;7.0L/min, 75 A= A itk (Ar) : 1.5L/
min. F4 U7 HAER (A :0.60L/min, 27S5AF: TV P v IRTIAY, BEEGIR:
0.5mL/min. Fx /3 BHRATy MEF VR (2°CHA), AT b—F 1 3EEI=b—F,
Y7 UHEE D 40mm, F T T a—T 2 — A B

SHRlth o) 1 57RO « ERtid L0 5 MTRBEANENEETE & U1 SRR FEEHIC LR
BT o7 15@ARICHET 2SN (ERNEERE0 3. ThTh, BidBe (11, AlZ
Co (27). CrixCo (52). MnitCo (55). FeldCo (54). Nii¥Co (58). CuidCo (63), ZnixCo (64),
Asl3Te (75). SeldTe (82). MoliRh (98), CdiZRh (114), SbidRh (121), PbiTl (208) & & TUU
Tl (238) TH5B, Fi. ERET—FERETWAE—FTHIELR,

I. fas

ICP-MS4MTic & % 15HEERORBBIL, R L RERENC SO TR TRIFRERERES LN
TE, o, BKGERERAE-RIROECRBEER"Y IKito TROIER TRER, ThEA, Bid0.02
pg/L. AliZ0.02ug/L, Criz0.03pg/L., Mni30.01pg/L, Feld0.6pg/L, NilZ0.01pg/L, Cul30.01pg/L.
Zni20.003pg/L. Asi¥0.01pg/L. Sel30.1pg/L, Molx0.01pg/L, CdiZ0.005pg/L, Shtx0.002pg/L. Pb
120.002pg/L 35& UUK0.0005pg/LTH o T MEDX ST, BRERFHEL LT YBICP-MSEEIZ K D |
HESHPICERESA SN TV A BT EDO—F o ARETH > .

AFFE T FKEE BOTHE—BICL  ERE ATV AEERETH S 7V I =T ABRICOVT,
a JUE : Sl AN20 CT24R MR, bAREE | 4 %HEEEE AN207C T24RRIME, o 08 4%
FEE A A IR ITL. MRS 2 RESIRRED 3 AU & O BRIAI OB ZIT >/ a, bB XU c U8
DRBRBHNC DOV T 1 STEARMERICPMSET—HEMH L. METRBEOZEEMM LI R1KET
LIy LM BBk (a), B (b) BLTHE (c) LBICX DB SNIIAHERO 1 SEHE
REWEORERR L, BREEOMBTHEERICHEVT, BRETRBEPREINTED, all
HEH b MEOSHEHMRETIEH L, &5IC bEL D c WROAVEBRE TEHT 2HEPHRbNT.

157EEEM, FrEd X CHEIEIC & D R AE R LR R L 47T# (AL Mn, FeBXUND i<
DT, H 1 IER Ui AMIZE TRV TV 2 =9 LB EFRTH AN DV T a JLEKH3 1pg/L,
b MUK H4000pg/L. ¢ QIRAKHI970,000pg/L & W N OISR BT S lOTEREHIC 28N -4
HEETAMLTWE, ¥, —RC7IVIZYLESORME LTHVWSNTVSMn, Niv ZnizD
WTHa, bBRT c FhFROUIEKAICIENE Niz, Mtk a QURAKH0.98 pg/L, b MLEKH44pg/L,
¢ MUIEK3300ug/LTH D . AlCK SEIME TH >z, Nik ZnEEIC DUV TEAFPMniEIC NS E R
ETH -1, Bh X CRBEBLRIC L ) EREOEHN RSN, Ol Feld a AEVKHICIEIRIEEN
Teofzdt, b AR 3ug/L, ¢ MUEKHR1700pg/LTH D B K TSI & DG A T



TP REE B Ak, MRBLASROEINEPD ISHRITARE— SURAT7 AT MRAGH (CPMS) BRI STRERAN — (09 - (- f1#)

Table 1 The concentrations ( i g/L) of fifteen trace elements in water samples from aluminum cockware
subjected to three treatments (mean=®SD, n=5)

Treatment B Al Cr Mn Fe
ultra~pure water, g &
a, ah-settling at 20°C 36 + 092 31 £25 046 + 035 0.95 =% 0.20 ND
4% acetic acid, " - o+
b 24h-settling at 20°C 3.2 £ 0.26 4000 = 500 ND 44 £ 87 13 £33
g 4% soetia aald, 13421 970000 + 80000 10416 3300 £270 1700 = 350
2h-beiling
Treatment Ni Cu Zn As Se
ultra-pure water, . g + *
a, dh-settiing at 20°C 0.05 =% 0.02 ND 021 =022 002 £0 ND
4% acetic acid, . ofi N .
b pasctting st 20°c 022 005 ND 25 + 0.85 ND ND
3% mostio acld, 18 % 1.7 095 = 045 96 + 1.3 045 + 0.24 19 %09
2h-boiling
Treatment Mo Cd Sb ) Pb u
ultra—pure water,
a 24h-settling at 20°C 022 = 001 0.045 %= 0016 0.007 == 0.001 0.16 * 0.28 0,058 = 0.096
4% acetic acid,
b 24h-settling at 20°C 019 =0 0.25 = 0.05 02 £ 03 0638 + 0076 0.030 % 0015
435 aoktic ackl, 24 %1 0.4 £ 0,091 11 %+ 048 56 +2 15 + 037
2h-boiling

*ND:not detected

10° +

Concentration { ¢ g/L)

Treatment

Fig. 1 The dissolution concerning four trace elements
(Al, Mn, Fe, Ni) from aluminum cookware

Al: ——  Mn:----  Fe:==:- ., Ni:==- . Each point and horizontal
bar indicate the mean==SD (n=5)

a:24h-settling with ultra-pure water at 20°C

b: 24h-settling with 4% acetic acid at 20°C

c:2h-hoiling with 4% acetic acid

25
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Ehbhhot,

HHED MR EUARSSOMKEE) CER0ET A31HE) Y TIAT AR, IR, &
&Iy RBEIC DN TR L K Y ADBIHEENRI SNTVE. 7VIZY LHBCOVTIEE
NI STV, AEOSERMRTH 2Ry 0D5| 2OFEREER, 4 % Fif A H g Cds
70ug/LELT . PbA400pg/LEIT & ENTW B, ABIFETIZ 4 BEFRISEHRAICHLTCAA0.25 pg/l « PD
20.68ug/LTHD . THEDOMIEHENICHU 1/280, 1/500DMWETHofe, T HIC, REMHER Uit
¢ AL (Cd 0.4ug/L, Pb5.6pg/l) LBV THYUMARML DKM TH 72,

FOMOTEEIDONTIE T IV I =Y LA —REEFER TR, BREELRISNT WA, A
W2 TR RE AR S LTWAICP-MSHHEE M T Llc & D, MRETRH SR E Nz,

V. %%

I = LBISEICK, 4 %EEEES KU 4 %EVEE - FRIELE ATV, Z OFEBIE PO 1 SERE TR
PR R ICP-MSIE TN L7z, &itsisiirhic SEOMBITES, JRETRSH 2 MR E NI, EN
R LZICP-MSI EEOTRES AR L LTH Y, RBRiSHTICRERESH L TV 3 HETH
AHRETE, AL Mn, Fe, Ni, Zn, Cd, SbBXUPbICDNTIE, afllEEXD b MO FHERETS
h, 5 bMBL D c NHDANEBETH Tz &b, WHMRTEOBHIZEE 5ICiXinEDR
WHEBIT BT LA oTe B, Cr, Cu, As, Se, MoBXUUILDWTiE, bAAENS c ALFEA 0D 8 HE
LA DADEE TH - oo, T k- TiEHEh s b0 L Bbii.

15MEERON, FEES & TR X D R ERREELERLIC4 & (Al Mn, FeB&U
ND DWW TR ISR Ui, BRTHAEX S, AP B TAIREIR a LEKH31pg/L. bIAE
KH14000pg/L. ¢ AIHrFH970,000pg/ L THY . all#fKir5b PR OEEEZ{iXF1301F, b
KD ¢ MBKIZH2406E TH o T EicfthDms & HBL TRIRICHIETH D FHETHDAINIEES
ZUINEC X TRISEICAINT 5 T Ehah ol ALFERRTT VI / rABE LTI BT,
BE rAAEOVTELEENTHY, 2BELRAEL LTREAGKLEZHNENTVS. Ak
IR E IS 99% ST D E EHE XN, (RRICIZME (RRAIL LT30~50mg) FELT 5,
£ BEE TAOMARIC OV TRIEFE N TEOFRESEE RV E TN TS, —7, BRERIC L
DEFIC X2 TS oY AREEE. ALS (HSRtEMaRELE) ., /A—F2 Y/ VERVET 2 T LAY
ENTVBD, Ty v —i LAIDBIRIC DV TIRBE 10FERE RN RENTERAN BAER
RS 3 U ERERE N TV APS, BREN L TOAIDHEREIE—HIC 4 ~52mg/H L&
B AZ N ERRENTVSY, ARV TEEEE S JUhNAS - MRALERIC & % Hiti i R AN G
ERTHED. DT EHNAHBRROKE AEHRCHET S BERL LB T LEEALNS, JECFA(FAO/
WHOS AAMENYEIIREES) TRYEMERFARIUE 7 mg/kg/BEBREL TV, HigniE
B AEAAIC X D TET 25, 1 HHizDIcHEYT 3 LKBS0kgDA T50mgL 55>, AMFR-R
K BNT ¢ NEKHOASEIZ970000ug/ L LHMEETH D, AEWESOMLEKF S & #150mg 7 #EHT
TBC LB, MEDOT XD, BEOEEFICHOT, WEHAEPEFOFRFICX - TG EaEH
THASNRAEL TARERT 2RENH 2 LEAONS. ik, h 123547 % AlORE I el
ThTELT. BRECHEOS2EY, FEIHBIENTR L TWEWILE TR, ARICAIDERT 2R
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BHEOTHEENBRETHZ Y, BELD BT PR ERTOYEZR—ILIEDWVT, Hif
DEOEBHERE LR U SIEINT 2ABERRELTEY, HIKREEERLE—VI VS
NS D - Tc LB LTWVWA, $h, ZOMEOPTHIDOWERIEE G HERICKI S REE &
FUT2~3HMKEL., H3EEARBHIEREICHERL. AIDEREEFEEIILNEELNE
BTG, TS5, BHOMRICX > TRENMBENIDEN DL T LIZXHADBEHIMENT ST
ENEZLEND, TALOFEHITONTIK, SEFEMZBRENIEETHS.

AFETHVEIZAIA S TS S, AIGEO—RAEHE & L TAIDMICMn, NiBXUInh® %,
AFFAOBETIE, Mnid a WBE7KH0.98ug/L. b MFEAkd44pg/L, ¢ MEKP3300pg/L &AL D <
REETH D, FNFNOMINIE a UKD 5 b LK THI450%, b MFKD 5 ¢ MEVKTHRTSETH > T
TOTEND, MnHEEOMEE LTHERENTEY., BBIUMMC > TBlEhitEx 6N 5.
Fi=, Ni, Znic DWW TIZAPPMnIZ EBRE Tl o e h’, BB LU X 3 BHMHR BNz,
GROMBHIEENTWZ EHHRENS,

Feld DN T IRAIS SO —RBITHEIE TRV L TN 55, RPFEOBR T ¢ MEIK T1700pg/LE
AR TR E e, a MEDKTICIIRIE hmh o 7opS, b LEEke 1 3ug/ LRI X h, BB &
UhnEiic & A A HEAHBNHE TH - . Thid, RHCEEENTWcFeM B U iR EET
£V, FeldEMicE > TREDTETH D, & FOEKNORIRIZ25~T5mgTH 5>, e, Hiu
B L TIMER] - 8 - AROEEIC X DS AH, BEEFBEHEDBARAORIHHIURE T H#E
PR RN A.0~9.5mg/H, HERBA55~135mg/HTH D™, BREEFHAMCHTERE LS
HENAREMET T, BOBWDOLOOTELE->THY, DAETEHROY Y AV Ml
L HEIS TV, FHIRTTIVI =) AEEH SR E NPl ME TH - b, REOME T
BIOGEEREF VS T L THROEREWHS AELH 5. FeD XS ICBHATHRELNBEITEICBNT
i, WMEEH S OBHEEYICENT T LLEETSHEME LNEY,

AIREDE - BIFRE LTEAZATOAEVEEZ 5N TOMDTHRICDNTIE, 10pg/LEL FOIE
BETHREBE N, AR TRERERSMNE LTWBICP-MSERWWEE Blck b, SAOREROTH
RYEhiE E RSB L L HEEI NS, T EOTTESFEORMEIC X% & Oh S EEh 5
FE LB LB EOMCDNTIE, YETIVI =y ABORRIOME, BETR, fll, ltcs
A EEERE L O MRS LR ETH R L EZ S,

HHED MBABLUAROEORKEE ] (PR20ETB3IHWE) Y A5 A8, MR8, K
05| ERBREIC DN TPhECADFHENERRI SN T VS, TS LHBRLEAHOSERMTH
BT OyE | ERAOKEEREDS S [FREE L XIC2OBEEN25m L THAHE) © IE
B 3LAMOMMATERNRE ) KOV THRBEEMSH B, TIVI =y LHBRIC DV TIRENENZT
BENTVIEV, AR TR OBEML LTI L Lk, Aoy EBROKEEMIZC
T0pg/L . PbH400ug/LTH 5. AMF TS T %S TORRIZCIN0.25pg/L . PbA0.68ug/
LTHY, TRENOEHEERE@D 1 /280, 1/590DMBETH >, FHREHRED MRS LUTESR
AHEOBARINE ) ZTRI6FEES X UFERI THEEQEEN BN EMAORREEE X, ENRRME L
(ISO) DFEELEIC, CABEXUPLOBHRBORIEER >N THS '™, PoEfUTHEMIL
PEVMETH B, BLOTENRICHENG, FHIELTEENTVS, ¥ FMOREFEVELLT
MEROMEED FRIC K D AEHEESERICRE S A, BN, HEEE. RNRESRED
@ chBERs R 5 N3, Cdid1960EHH 5 EILRMEN [FIE TER UIcA 241 ZAHOFR L
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«@%ﬁwomf@m%&ma#iéoLﬁb\mﬁﬁa%xﬁoﬁﬁrmménrwé:zﬁ;wtb
TEEE RS E T AN . B, BAAOEHENRSENTVBIH'Y, RIBRICDVTE
S BRTOERDEAROBHIEN P2 RS X5 HETI22ENH 5.

V. &R

ICPMSEEEWT, 7 I=y L5k (a), B (b) BITMA () WX >THLHN
F RO 5EHRTH B-Al+CreMn-Fe+Ni*Cu+Zn+As+Se-Mo+Cd-Sb- Pbis X UU)
BEARIE L. TOEE, SHRSNCSEOMBITED, KBETRSZ s00RMENT, Al
Mn, Fe, Ni, Zn, Cd, SbBEUPbIcDWNTI} a ik b b UKD EHIHMETHY . EHIbi
MK E D% o MEKOAHHIMETS Y . BX SICROMEEZ TIEHIRESHNT 5 T EADN 2
7o B, Cr, Cu, As, Se, MoBXUUILDWTid, bUMKHNS ¢ EEIKAN\DRE L DOIHNFE TH -
Feizth, InEC Ko THRICTAHR T WA BERNKEL T LAHEILT.

478 (AL Mn. FeBEUND icDWT idEES & GBI & D FFIc KX RIREELERLT,
AR TRV T VI =9 MO ERRNTH BANCDV TR, WTNOEHC BN TLlIOTTRERK
HASE TR T Ui, $h—BMIcAIE@OE L LTHL ATV AM, NiEsXUZnicDWNT
LEFNENOZEICBOTANRI N, B X UINRIC XS EHENNESH bhit,

HHEO MRS & PARDIEOMKENE ] CER2047 A31IHSEE) TRAYRYI[EHRIEDONT
OPb L CADTEIHEMEMRSF SN T WD, RRIZUE 7L I =) LBSRERIFME L LS, Thdbib
NiePbis X UCAIREEIZ Ry 3| ZBRANGIC LB HEZ TE > T,
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Fifteen trace elements in eluate from aluminum and enamel cookware using ICP-MS

Yumi MANAKA, Masayuki GOTOH, Katsumi KANO, Yu ASANO
Wayo Women’s University Graduate School of Human Ecology

Object: The elution effects of trace elements (contained toxic metals) in aluminum and enamel
cookware were investigated, and the possibility of impact human health was estimated.

Materials and Method: The samples from two kinds of cookware were subjected to three
treatments (water settling, acetic acid settling and 2h-boiling with acetic acid), and the
concentrations of fifteen trace elements (B, Al, Cr, Mn, Fe, Ni, Cu, Zn, As, Se, Mo, Cd, Sb, Pb
and U) were simultaneously analyzed by ICP-MS.

Results and Discussion: The concentrations of Al, which was the main material of the aluminum
cookware, were remarkably high. Although, the Al concentration (0.03mg/L) in the samples of
water settling treatment was lower than the standard guidelines for drinkable water quality (<
0.lmg/L). The Al, Mn, Ni and Zn in water samples of 2h-boiling with acetic acid treatment
were the highest, and the concentrations of four elements in the samples of 24h-settling with
acetic acid at 20 degrees C treatment were higher than the results of 24h-settling with pure water
treatment, respectively. For enamel cookware, which is made from iron covered by glass
containing pigments, the concentrations of B, Al, Mn, Zn, Sb and U, which have white or brown
pigments, indicated higher elution in 2h-boiling with acetic acid samples and in acetic acid
samples than the pure water samples. Fe concentrations in all samples showed relatively no
change. The safety level concentrations for enamel cookware are standardized at Cd (70ng/mL)
and Pb (400ng/mL). In this study, Cd and Pb concentrations in all treatment samples were below
the standard levels. From these results, it was found that acute toxicity by fifteen elements eluted
from cookware would be unlikely to occur. However, the effects of chronic toxicity from
long-term intake of low concentrations (e.g. ppt level) of some elements (Al, Mn, Ni, Zn, B, Sb,

U and Fe) that were detected in this study require further research.
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