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Abstract :- Optimal analytical conditions have been established for mixing and reaction coil length, concentrations of ECR,
CTAB, and acetate, reaction temperature and pH in the determination of aluminum by using flow injection analysis(FIA).
Detection limit and repeatability for this system were 34g/L and better than 1% of relative standard deviation, respectively.
The interference from iron(III) was suppressed up to 6mg/L of iron(Il) by 0.1pM ascorbic acid, and the interference from
fluoride could be tolerated in absorption of AVECR/CTAB derivative by 10mM boric acid at pH 3.5 adjusted with nitric acid.
This FIA system was applied to the determination of aluminum leached from cooking utensils by distilled and tap water
containing fluoride ranged from 0.5 to 2mg/L. by measurement of absorbance for AVECR/CTAB at 585nm. The leached
aluminum content was increased with increasing concentration of fluoride. The aluminum contents leached from aluminum
utensils by tap water were about 9 fold higher than those leached by distilled water, whereas aluminum contents leached by
distilled water containing fluoride were about 2 fold higher compared to those leached by distilled water. That represented that
other dissolved substances as well as fluoride in tap water contributed to liberation of aluminum from aluminum utensils. A
comparison between FIA data and ICP-AES data by correlation and paired t test showed that the FIA system could be accepted
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as a good alternative method for the determination of aluminum in tap water.
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B37)] 98] AINMR(Lu, 1999), IC(Borrmann), CE(Zhu,
1998)5-¢ olg¥th Yo E pHUYoNE Yol Al
gel2, FAolYME AOH, FHZ EAstke AR
gl x UrHCathalifaud, 1997). &F0|FL oF SART
ofle} A Y] He| GFHFo] FFHAAM =AU A&
SuAithe Aart B3 Ho] YrKExley, 1997; Flaten,
2001). Takatsu(2000)5-2 Atwe} &FvFe %7l A2
& 3o MAdle FY oF9 opriv]el 3t FolA &
Folge %7t A9 24 FAHAsH, 2 olfe €F
wgo] AR Weld FFo] H7l wEelgtn Eudgch
uelA] oY 50ue/l oldte] FEE 4R viEe] ¥RE &

& nlMet s, fEjvetet vg &5 £33 7IEd
v ¥F0F 02mgll °l3E ¥x 7|EE A Ut 2
Hu o8 71A 422 gRviEe] 8 AMUE Eolen
Jed, 7 €4 #Ale XHWang, 1996; Wong, 2003)
U 248 @ o FE71(F, 1997, 7, 2000; Neelam,
2000; Scancar, 2009)2EE] YEulFo]l £&Fxm Yo}
Bi(1996)= FW-E7|2%E ¢FrEe] &2 A4 pH,
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A7t 2= 98 u g2 §&d4E UEidE
Y gRvlwel §2 FE oAt U89 > AEzd >
SHEANY o2 ZHAad9t)h Haidoutit EYOZHE
z2ozg oled 9 £Rd Be YFwe $2 54
& ZAE A7 NaF > KF > NaAlFs €02 ¢Fv]F9
£&80] ZAHYSS B &5 ch(Haidouti, 1995). dut
o g Adg F EFLES o9 FxE 0.1mgLeldl,
A8kl ¢ 1mg/Lol Rl 9= ]thNishimoto, 2001).
sl A% 32 0% A 3 BRozs o
FEE 0.07-096mg/LESioIA(F, 1995), AFAY 5
% BFL=3 o] FEE 01-052mgly FE EXE
UeRAATH A, 1996). A $Ejvet A4 F 404 R
A BAE 33 Fd o] EFLES o] xRt &8
F #2718 15mg/LETE e 52U FAoZE dAEHA
7 HAFED ¥ 28 FEE EF923) o]0 x&F
I U wepA olFA FrtE EFLES oleg AT
AE AL YT A4S ¢FvE FHEUIERH o
B Fx9 ¢Fvwo] &350 UE AR o€
A F GFvEY Eaye fue g & £3F
AAREEAET, 2000022 SAWHH ARFFFEHe] &
B4 Ak A SEEIEoE FEHHC] X £
478} 2% Aol SR, FAE IHALE ALS
gozn Fdo AFPAo]l WASHY Uk fFEAFEEH=
ol ApHE B 353w W(Inductively  coupled  plasma-atomic
emission spectrophotometry, ICP-AES)¥& EAME7i7l 1
7}ela, BEAl# Ar]e)EH(Capillary electrophoresis, CE)%
< HAETAZE o Royset(1985)2 Ul 71A] 7] 2o
EAE o83l ZEFARAYUFIALE EFuFE A
Fale WS AslE. ©]%F  Eriochrome Cyanine
R(ECR)S cetyltrimethylammonium bromide(CTAB)<] AH
BHAE AVIsld AE @AV lpelAAY GFnES
AFE 7+ YU, FEI}= H o]z of2FERNIONY
1,10-phenanthroling 718l W& A AsFOY Fo
FTEIE AAYE AR EIATh 28y ZhangT
(2000)2 &FvEE lumogallione 2 A3JHE-S FAHAA
n-hexanol & FZ3HAA AI-F7re] ZjHe Be'oleg 7t
gozn Foled Wi glo] AFE & UL HAFA
. 2 dT74dME FIAMLE AFA 44 £ ¢2uF
9 F=& ZAso dRFH oY, CTABE AMS-31A] 9k
I, AEPAE ¥lnF ERTHH, 2000). ol A7E E3}
o FEF F EFLEZ o2 Frld g FEUR
HH 4FvFEe &5 544 dEiA golrsta, &8s
dFulgs& ¥yl 98l FIA/ECR/CTAB/UV Al2HlE
o] &3ttt AlF 7He] A JAlsted vy A& &
58 Eole WS Adsd, ol& AZF37 A3 ICP-

AES tlojels}l 4T wwstyt).
2. ol=x i
itz oz AdRu|ES FFIe EFIH srRAYEe

S EH K] F20A H3E, 2004

24 AHA-7HAA BRRey, E3EEY, dAESES
=% (Atomic absorption spectrophotometry, AAS), F =2
3}Z et 2ol SB35 = Y (Inductively coupled plasma-
atomic emission spectrophotometry, ICP-AES)F©] ©]-&H
t}. 3EFYEAH(Flow injection analysis, FIA)-S Ruzicka
¢} Hansen(1975)°] 2ja} AQtE olF EXAFs/} 7153t
3L X R(batch) F4ol HISt] A@Ao] F1, A&, 744
&, EXe(trace leve)S A&HoZ BT 4 37 o
ol £A4818t Fof ¥t ozt 94, FF, 87 4 AF
4 EopllA g AEHo| sith FIAYS &e £4
EZo] #eljEAd FEE A 49 A e 9 24
E FEgte Aotk olRAE FEIY] S3 WAHEZRE
HGE Afez 7tE|R(masking)EA], ¥HEEE XjolE
o] gEEA, EAHERF HHYHOZ Whgde AoS AR
3] 433 e A7|3eHH dges A B o
TFolMe FIARYAA &FvFe FFE Pajste EFoE
3} o3 FM) o< 7ty A% 7l Al(mask-
ing reagent)& ©]-83td LIHE AA= WPE AL
31, ol #lsy] $8) ICP-AESE 3 ARS-atyoh
ICP-AESE Z2}Zrl BEEOoE 420y AAE B 3§
Aoh7t v E EortAA WHEse WEMY AYE
AFES A WYPLEA nFdAN 1FEAA 3
o] AAZHeE WejEAY] A Wil flo] 948 &
Fhe 2AS5E EAMolth Umemura§(2003)2 EY 3
GFHF T AEH wstE FAAY, F3o £z
F 4FvEe §FE FARAY, Gz FEE F ¢F1
5 FA4sAY A §(2000)0] dFrE &7]0A &&F
< ¢FvEE AFE W EF ICP-AESE o83t =
3t Coscione5(2000)2 <F9|EE xylenol oranges} %3}
FEE TEo] BAREYes e WS AF
913 ICP-AESH £ o83ttt 398 B3RPy e £
FAPolA F&5-ZYolERY HUEFFAFY] Fup o
T4 F3AFE SV, 2 ofE frled gl
EE ARZAEA7L vio]d(micelleye FAsHA dathe
EF dUAE AEAA FREEE SV F FA @
Agte] 724 ZFrx SV 4ED ez Algdd
(Skoog T, 1998). AHBHAE LFuly B4 H&3
Adde Bt Rojas 5(1994)S FIAE o] &3l9 &%
mEE Triton X-100 AHEFAA 3}oA salicylaldehyde
carbohydrazone(SACH)3} Zo|EZJEE wHEo| HP7
2712 ZZ3IA3L, Royset(1985)% FIAZR UFv|§E A
7] A dol2 AHEAAQ CTABE AMHsigh 2
2} flo] A" EAHES gFvEe] ond =}
A% JodA 73 A oA &53=Ag 33
3 d 4 vk meba ohkd Fee iz & Eo]
< Fe9 ¢FvEE o2 IABRmEIIHIHIOY =AH
719l F(CE)ys 22 ot AFEAE vt 9o €A
¥ UL Table 10 st gkt
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Table 1. Summary of analytical methods for determining aluminum

Method Reaction mechanism Detection Reference
Extraction (Oxine method) Al/8-HQ complex and extraction with CCl, absorption at 390nm 5)
Extraction A?/lumogalllon complex and extraction fluorescence, Ae=500nm, Aen=580nm 32)

with n-hexanol
AAS atomization of Al using C;H»-N:O flame  absorption at 309.3nm 5), 20)
ICP-AES atomization of Al using plasma flame emission at 396.152nm 1), 17), 18), 26), 28), 29)
FIA flow analysis of AVECR/CTAB absorption at 585nm 24)
FIA flow analysis of AVSACH/Triton fluorescence, A=368nm, Aen=443nm 23)
IC ion exchange postcolumn complexation detection at 310nm 8)

postcolumn complexation detection at

CE electrophoretic mobility 366.5nm interference filter and 33)

500nm cut-off filter

3 XZE Y gy

31 A Ex| o AlY

B d7dAE FIA ZFXE 48404 A AFssdch
B A A3 ¢FujE EFELEL At 34Ed
Mo, gEgdogME JNEMIEFT MHE
g E¥EY Az, 289 AR 1080 JF
ANAA 71EE AAS T A8 h Eriochrome Cyanine
R(ECR)9] pHE 622 ZAH3I] H3ld olHEAE A&

3ttt Ao AMEE EL 13 SR EE olkud F
g TN BEFE 25 AZRFAY I ¢ 57
N7 2$4E AMSsIYY. TISAB(Total lonic Strength
Adjustment Buffer)& 500mLol 65% olMEAF
28.5mL, NaCl 29g, TAAHEF 0.15g& EF38 NaOH
E F71shdA g9 pHE 52 ZAsld AR B
A7 AHEE E471719F A8FXE Table 2¢] 29319
31, AFEE A|oFE Table 3¢ Q98T

y B W
=TT

Table 2. Analytical instruments and equipments used for this study

Items Specification Company Usage
FIA manifold
- peristaltic pump Minipuls 8-roiler/4-channel Gilson transportation of reagents and sample
- Injection 6-port valve 77251 Rheodyne sample injection
» UV-VIS detector M-720 Young-Lin sample detection
- Integrator D520B Young-Lin peak register and integration
- tubing PTFE (0.5mmIDx1/16in) Supelco reaction and mixing coil
pH/lon meter D-23, F-lon selective electrode Horiba determination of fluoride ion
Chemical balance Explorer Ohaus weighing of reagents
ICP-AES Ultima Jobin Yvon determination of Al
Ultrasonic cleaner 120watt Bransonic removal of dissolved air bubble
Milli-Q 18.3MQ - cm Millipore preparation of pure water
Table 3. Reagents used for this study
Reagents Specification Company Usage
Al standard solution 995ppm/1w% HCI Aldrich calibration & determination of Al
Sodium acetate A.CS. reagent, 99+% Aldrich buffer salt
TISAB
Acetic acid A.C.S. reagent, 99.7%, Aldrich ) n
Sodium citrate ACS. reagent, 99+% Aldrich gﬁﬁzr:““ removal  for  determining
Sodium chloride A.C.S. reagent, 99% Aldrich
Sodium hydroxide A.C.S. reagent, 97+% Aldrich
ECR GR Fluka chelating reagent for Al
CTAB GR, 99% Fluka cationic surfactant
Ascorbic acid GR, 99.5% Fluka masking reagent
Boric acid A.CS. reagent, 99.5% Aldrich masking reagent
Sodium fluoride GR, 9% Fluka determination of fluoride
Nitric acid A.C.S. reagent, 70% Aldrich pH adjust
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32 A&

ECR, &389d, 3/4E d5H=ZE 5l g2 g @
U3 BEL FAAL BEELY € AEEY IAFE
ANg FUTFE T FYstd, ¢58937 CTABY] &£8&
3-8 T-unionol|A EFAA, HZE(PTFERH, 0.5mmlD.x
1/16inch 0.D) AAZ & EFILA A pHE FHF} o
o}A ECR#} T-unionolA] E§=o] ¥hGaUZ o] F3HA
dFnF o]c] ECRF yg3icl waE 4FuEe
585nmi}gol A UV-VIS HE7|2 HEHT HEAZFH
B9 ol B9 WHE ALATE £ AP A
23 FIA AAE Fig. 19 =4xo2 Jehygla, Fig. 2
de AFuF AFELAY 3 B9 wEAS YERIA
k. A5 A2 0.5m WtgE Y FHAA AE s
A% F903h FIA A2 7¢ ¢FvFY S
Hwaly] ¥3] ICP-AESE AME-3}4t). ICP-AESE ©] &%t
S2uEe] B4 396.1520mo)%01, W2 L o]F o}
22 7149 $%e 27 12L/min, 1.5L/mino]Qon, B

Peristaltic
Pump
ECR| 05
Acetate 0.5
CTAB
Carrier 05 )
Tt M
mL/min

Water Bath Waste
Thermostated at 40°C

Fig. 1. FIA manifold for the determination of aluminium.
V, 6-port injection valve(200uL sample loop); T1
and T2, mixing tee; D, UV-VIS spectrophotometer.
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Fig. 2. Repeatability for AVECR/CTAB derivative peaks by
using FIA.
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A g ¥ ZYd Q7HE 233 46.8MHzo| AT

¥ dFvlE FEEUIERE dRvvd §2%e ¢
ol®7] A ANwHE LFrlFE FEE7 SFES
€ 3571 05, 1.0, 4 20mg/Lo] HES AZ2E FEFE
300mL 7}ste] 87)vl} 1083t AsHA HEstict 7t
¢ i AxFE Ygsi AN o pH 352 =
Atz olAzEWAY 0.1pMT} F4F 10mMe] HEE H7}
& o HF 23S 10mLE B5YNHA §58 LRUF
o] ¥%& FIAS} ICP-AESE AF3qct. ¢FrF F44
712RE GRuEY §& IS vind] AY dxTe
22X 2HRJHA2Esu)T £2] 8718 ol8st FI@
79 d3oz 4FvF 8F TEE AFHAT oW
FolE &2 AFd AHEE 8rle AlF AREHR 3
E ¢FuE 87 4%, dExTore ZHUHALY e
2% % #4871 138 AHESAT-

4. ot ¥ n#

4.1. FIA F*| zxs}

E dFdMe & 2 55 22 5EHS A #F
glo] B A8 F YFrES A3k FUsiA ARde
FIAYPHS A A8t} Chester $(1970)2 4Fu]HE ca-
techol violet¥#} FEA|AH Fr1&viZo 8 35319 UV
3R 4% WA CTABE e EZH
Fxd HAdFSIEE F 50nme] A o) F(batho-
chromic  shift)s} 48Xl EF-3FE7}8 3K hyperchromic
effect)E JEMAACH Rayset(1985)2 FIA AAE o] &3l
4FnF3} ECRZ #H3§HE9 CTABE =91dezH
oF 45nme] Fupg o)FF ¢ 2v) Fxo| FAFIIAHNE
el S-S Eadtqrt olgk go] CTABS} #e AWE
AAe BAEE Ao R olFAIL EEFBRATE F
ZW7le &E7E vehln ok gdetx £ dyexe ¢
FolE S 98 FIA ZAE #4359 CTABY {7
g YFoHF-ECRY FEAE UV HE7E EAE7
A% A" A E4 deiriEe AHEHzDE Tk,
4% setujele] WslE ¥im HEHYC. Table 4014 2
5 Sk vk 2o] CTABE AHSHA dgte W 24 &
g 2 g Y] dolrt #Z 2mét 4molRiy, & A+
AqrxE CTABE AHE3Rer 3 & whg Zd Zol7}
21z} 3mo] itk Royset(1985) £3 2 vk 3o} ZHo]
7t 42 5me}t 05mel A& AHESIATE ECRY F=E&
CTABE AHR-3lA| ¥%& 7ZFET CTABE AME3 A9
234 ¥4 Jelgted, ©)13& CTAB7 ¢%viE F9°
FAE micell& 3 AIECRZES] FEA8E #A43)
7] $13) ECRo| ©] && Folojo} &FuF ol2xe F
E 7137 golxly] BEQd Aoz Al ¥l Al-ECRZEY
Fedel HoF4aAe 535nmolley), CTAB7F H7HH
02X AVECR/CTABZte] HUESdA-L 585nmz Zot
% olFo] HULH, oY ZArk: FIFEHUC Hx F
Ae g7 FHAANA €7, mE dms] HY &
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Table 4. Comparison of analytical parameters between
literature and this study for aluminum analysis by

FIA

Parameters Choi et. al.? Rﬁysetz") this study
Mixing coil(m) {2 5 3
Reaction coil(m) |4 0.5 3
ECR conc.{mM) |0.56 1.0 1.68
Buffer conc(M) |IM acetate |{3M HMTA® |IM acetate
CTAB(mM) . 5 10
Temperature(°C) |40 room temp. |40
pH 6.0 6.0 6.0
UV Amx (am)  |535 585 585

m= 11039 m= 37473
Regression eq” | b=53990 - b=110211

R =0.9999 R’=0.9982
Detection limit 50ug/L 18/l 3ug/L
Repeatability(%) | <1% 1-2% <1%

. AA(10-TM

Masking HNOs(pH3.5) | AC(O-2M) BA€10mM))
reagent phen(0.01M) HNOx(pH3.5)

"HMTA: hexamethylenetetraamine

®m: slope; b: intercept; R*: coefficient of determination
‘HAC: hydroxylammoniumchloride; phen: 1,10-phenanthroline;
AA: ascorbic acid; BA: boric acid

8.0E+08
A Buifer
m Buifer+CTAB
6.0E+06
s y = 37473x + 110211
@ R? = 0.9982
% 4.0E+06
[ ]
a
2.0E+06
y = 11039x — 53990
R? = 0.9999
0.0E+00
0 50 100 150 200 250

Al conc.{ug/L)

Fig. 3. Comparison of calibration curves between AVECR
and AVECR/CTAB derivatives by using FIA system.

4 QI%ith. AVECR fEAe] 7 m=11039%] ¥4,
AVECR/CTAB fEAl9 M+ m=37473-& Yehiich &7
oEe BEE 40-200ug/L7tA  WEA)F|EA AVECRH
AVECR/CTAB #=xl¢] §3% W3E Fig. 3¢ =3o
2 Jehlifich CTABE =Y 24 oF 3u] ojie] ZHx
7b FAEReH, HEIAE 3pg/LEA 158 o) o W
A =30t} Royset(1985)& B A7 R} of ¥ 1u/L
o] AEPAE U oY, AL &R AETAE 3t
= ztY old Aog wddrh

42 gtsfo|2 ¢i+
HA FA 7 ol REH e o]&FEC] Na',
K', Ca”, Mg”¢] Fo]2E3 CI, NOj, SO,7¢] &o]&H

olt}. we}r AVECR/CTAB #xA8] FHTo olzd &
o] 2EFH} Fol&E0] oW FFE vAeAE ZARBIA
o} @] EY S RARBLY] Y3 EFEvIEY FEE
04mg/Le] RAAF) 3, Walo] 25 BES 0-1000mg/L7}
A HIAIF|EAM GFvEH FEAA FIAZ SHHIYH
I A} Fig. 494 B ¢ Y& vie} Fo] FolEL
1000mg/L7tA] A WaE dodA e AE E F U
Q. 2y Fe'olge] A4 dutHolAE AT HAF
o 1000mg/L7AA] EAE 735 o 2874 FrEA 4
=8 Z/MEtE welM Fe'olgd]  71e]$-Al(masking
reagent) 2] ofxz2 WM B ESFE JYERA e F
9 0.1uME A9} Fe''7l EfE Az fde] FEAA
z489ch. 1 A3} Fig. 594 HE upe} o] Fe''7}
6mg/L7AAE F=A FExol obrd WaElE Rolx st
o} 2ol A% 1000mgL7lAe AY U EFIx
£ et g¢t 24502 YA gAT EF
223} ojo] EXNE AY ¢FvF A=A FH=
Adg 9L vtk $FvEY FEE 04mg/Le] 14
sl EFR0E3 ol FEE 2mg/L7tA FNHE W,
ZFHFAME ER023 o2 5% 7 g FEE71
Z4a8gct a2 ojfe ALF ke FHolRE A
AVECR 78] A& w)sl7] wj&elth. ALF 2to] A

[Al/Al+cation ]area ratio

0.5

0 200 400 600 800 1000
Cation conc. (mg/L)

Fig. 4. Effect of cations interference on the absorbance of

AI/ECR/CTAB derivative.

2
1.5
]
4 ./0\‘/0\/0
)
i 1
&3
=
0.5
0 . :
] 1 2 3 4 5 6

Fe3* conc.(mg/L)

Fig. 5. Effect of ascorbic acid for masking of iron(Ill) on
the absorbance of AI/ECR/CTAB derivative.
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1.2E+07 1.E+07
1.E+07 m TW+BA.
1.0E+07 |
] ! * g 8.E+06 y = 23633x + 389245
o = 2 .
x -3 R* = 0.9988
® x 6.E+06
a q 3
8.0E+06 | &
4 ~-DW 4. E+06
-3 DW + HNO3 y = 22971x + 151688
2
—A—DW+HNO3+H3BO3 2.E+06 R° = 0.9984
6.0E+08
0 0.5 1 1.5 2 0.6+00 ! ; .
F~ conc. (mg/L) 0 100 200 300 400
Fig. 6. Effect of nitric acid and boric acid for masking Al conc. (ug/L)

interference by fluoride ion on the absorbance of
AVECR/CTAB derivative.

& ZF7] 93 pHE HFY] pKa=3.1013}2 Y334 F
th= HFEZ EAgogx ZF0=3) o9 L& 9
F & 2oz ALgHIAT ojf pHE RF7] 98 o
bk g Ak ASE A ke aig F401 MR
woky] Wil Aiow Ag9 Ab(acidity)y ZHE 4o
2 A3t =3 pHE 350182 o ¥E 3% uEd
Fxr7l FFIPgens Ao pH 3.571A9F Z2A3
ANBE FY3FTh W Axw 2AHE 2238 o
20 g WEE g9 AAL £ o=z, g 7}
AeAZA BT A AHAF & gled, WEE g
7tAo] qrtelojA, Bk Aesyeh g B
& HF¢} Whg3le] B, #ol2g YAshe Roz UiA
Jou}, HFY &g k43 AAsAE £z B
QATHD'Ulivo, 1998). 12u} B @AFela] Ak 4Hg 3loj
A g g EF2E23) o9 slEleAE AP 2
7 Fig. 6914 BE uie} o] FF 0 23] 0] 2mg/L7}A]
AVECR/CTAB #%A|9] F3xo] A9 AL vXA &
k.

e

[

43, A|AHIS| Haky

£ AT d¥dFoz A& FFHxA oA ZAFA
& 5 /KA ez AP RERAS AL FHF
o} FEFE MYk Fig. 794 Be upeh o] 37
WM HHL Fryad tha EXg 7)1e714 &)
FEHE BAREE FRFNMY FESFA A 59
#E Ueie ALE Hol $&4d EFHE IAF 92y
¥ ol9lel & o]&FEL AVECR/ICTAB fxA sl ¥
02 4% vAA ge Aoz wvdn wa A5
F 4FvFE ols AWIY] AT HAIFHL FFEHYS}
H(standard addition method)E AFE-3}zx] ¢ JENZE
H(external standard method)2 2 3ltjElE £ Ao A
Al B4 A2"d 93 4FvE FFEH] & 35
FatA] & Rolgt AlgHuh

44. TYB7|2RE LF0IEe 8F Y
SFuEA FHETIE A AFG LAFS ASHE A

B S ssx| 20 M3B, 2004

Fig. 7. Comparison of calibration curves for AI/ECR/CTAB
derivative in distilled water(DW) and tap water(TW)
at pH 3.5 adjusted with nitric acid. Boric acid(BA)
and ascorbic acid were added as masking reagent
for fluoride and iron(Ill), respectively.

- 8000
47000
z
=
46000 €
c
{5000
T T y r T 4000
05 00 0.5 1.0 15 20 25

Fluoride(mg/L)

Fig. 8. Effect of fluoride ion on the amount of aluminium
leached from new and used Al-utensils by distilled
water(DW) and tap water(TW). NAD:new-Al-DW;
OAD:used-Al-DW; NAW:new- AI-TW; OAW;used-
Al-TW.

FolA &FulFe] 53 AolE vl A YR
' 871 2%, A3l €RulE 87] 4%, YRTFoeE &
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Fig. 9. Comparison of aluminium concentration leached
from cooking utensils by using ICP-AES and FIA
(n=95).

Table 5. Aluminum concentration leached from several cooking utensils by distilled and tap water with fluoride ion ranged

of 0.5 to 2mg/L level. (unit : ug/L)
without fluoride with fluoride
?N‘f:t FIA ICP FIA ICP
DW TW DW W DW W DW T™W
a ND~1.76 3.16~5.53 3.37~5.57 ND~6.09 3.06~6.32 4.34~10.06 7.83~12.26 7.23~9.63
sus (0.85£0.79)  (4.57x1.02)  (4.67+147)  (4.88+147)  (425:1.79)  (7.1242.86)  (9.89%2.23)  (8.42:1.20)

b 1.09~9.70 31.72~83.97 5.80~11.43 29.23~67.50 6.90~14.57 48.28~93.66 14.40~16.93  23.57~102.83
Blass’ 4 054362)  (6140£188)  (8.22221) (55.51£15.12) (10.66:3.83) (71.34£22.69)  (16.01%1.40) (50.49+45.33)
A 5.29~239.6 148~7537 8.87~374.69 141.94~7970 1.16~310.18 55.56~10810 6.43~278.51 38.51~11070

(65.86+68.49) (582.45+368.0) (74.46195.30) (575.3%61.3)  (126+108.9)  (692.6£661.0) (119.0+93.81) (683.5:664.1)

“two stainless steel pots; "one pot; ‘two new aluminum pots, four used aluminum pots
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