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Mineral Contents of Korean Apples and Apple Juices

Tae-Rang Kim*, Hea-Jeang Whang and Kwang-Ro Yoon

Department Food Science & Technology, Chung-Ang University
*Seoul Metropolitan Government Institute of Health & Environment

Abstract

The mineral contents were analyzed for 12 varjeties of Korean apples and 9 commercial apple juices by
atomic absorption spectrophotometry. On the fresh matter basis, the ash contents of tested apples ranged 0.21-
0.48%, Mn 0.20-2.52 ppm, Cu 0.10-1.03 ppm, Fe 0.24-9.88 ppm, Zn 0.09-1.06 ppm, Mg 21.08-99.00 ppm,
Ca 15.16-99.56 ppm, K 842.10-1788.10 ppm, Na 10.32-40.53 ppm, P 24.43-90.07 ppm, Pb nd-98.05 ppb, Cd
nd-36.08 ppb and Cr 2.25-123.76 ppb. Overally mineral contents of Aori and Jonathan were higher than those
of Fuji. The mineral contents of apple cultivated at Wonju, Kangwon and Taegu, Kyongbuk were higher than
those of the other growing region. The mineral contents of commercial apple juice were ash 0.13-0.36%, Mn
0.24-0.99 ppm, Cu 0.10-0.61 ppm, Fe 0.19-3.70 ppm, Zn 0.20-1.77 ppm, Mg 18.16-49.56 ppm, Ca 14.42-42.
30 ppm, K 785.07-1440.30 ppm, Na 14.71-52.58 ppm, P 16.57-63.56 ppm, Pb nd-95.55 ppb, Cd nd-17.65
ppb and Cr 8.60-110.98 ppb, respectively. Comparing mineral contents of apples and commercial apple juices,
Cu, Mg, K, Ca and Fe contents of apples were higher and Zn, Na contents were lower than those of apple

juices.
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Table 1. The selected Korean apple varieties

Region Varieties”

Suwon, Kyonggi New Jonagold

Yesan, Chungnam Hongok
Jongju, Jonbuk Aori
Taegu, Kyongbuk Fuji

Wonju, Kangwon

Starking Delicious”
Starkspur Red Delicious
Starkrimson Delicious
Golden Delicious

Yuko

Iwakkai

Orei

Indo

Suwon, Kyonggi

YAl varieties were harvested in fall, 1993
“These varieties were deposited at RURAL DEVELOPMENT
ADMINISTRATION of Koera

Table 2. Atomic absorption spectrometric conditions for mineral analyses

Element Amas (NI Atomized method Fuel Remarks

Mn 279.6 absorption, flame air-acetylene

Cu 3248 absorption, flame air-acetylene

Zn 2139 absorption, flame air-acetylene

Fe 2483 absorption, flame air-acetylene

Ca 422.7 absorption, flame air-acetylene LaCl, added
Na 589.0 absorption, flame air-acetylene

Mg 285.2 absorption, flame air-acetylene

K 766.5 absorption, flame air-acetylene

Pb 2833 absorption,graphite argon autosampler
Cd 2288 absorption,graphite argon autosampler
Cr 3593 absorption,graphite argon autosampler
P 214.9 emission argon ICP
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A ekgt 3 Al 5548, Wako, Japan)S- 20 m/
# 37 microwave A 42| Ax] (CEM, MDS-81D, U.S.
ANZ ARES A7) 300 25 miZ A 4-31ed A }alA 3
Alsl3 Table 29} 22 ZAA [AxEFFA A
(Hitachi Z-8100, Japan)® Mn, Cu, Fe, Zn, Mg, K, Ca,
Na, Pb, Cd3} Cr& £33t}

WakoAHJapan)2| 1000 ppm E58-998- o] &-3}o] 7]
FAE PR ofrlolA AP g9 FEE o
t}. 31%-%& A8 A5} Cu 95.8%, Mn 99.6%, Zn 99.1%,
Fe 92.7%, K 99.8%, Na 97.4%, Mg 95.2%, Ca 98.9%,
P 93.5%, Pb 95.9%2} Cd 96.2% 18]35 Cr 94.3%% 1}
ep et 3 A Bholliz el st eskeh.

Y& Aabeked
3}ed Duncan®] 2.3
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5 A = vl 8 ] vk
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Table 33} 7t} ot Q2] E£2] Cu, Fe, K §Hek2 =
2b Ayshe] HEFEco) oha & 048 ppm, 3.79 ppm,
1336.19 ppm. 2 & v}E}utir Na, Cr &k 76.83 ppm,
37.22 ppb R FHFAE AFR <l 19.92 ppm, 42.46
ppb .t ¢k S Holrh Mn, Fe 2 74l #1o
oll4} 0.96 ppm, 5.83 ppm o2 T}E A 9] {23} 7
A 2 aE vel 3 9J o Cu, Mg, Ca, K, Pb,
Cd, Na, Cr3} Znoll A& 313k ko) 7} gl

&z E229] Mn, Fe, K &2 0.59 ppm, 2.22 ppm,
1271.59 ppm 2.2 0.77 ppm, 2.83 ppm, 1302.04 ppm ©.
2 ovtehd @Ak A Ak} G A Mok oha A v
e on] 7], 7 FA]ellx] Mne] greFo] fr2f =l
2fo] 7}t QITh(P<0.05). Cuz A&, HE A2 4 F
Fo] ¥ x| Hr} geko] ). Fe, Mg, Ca, Pb, Cd,
Na, Zn @32 F-23al )7t glek. A5 F-2] 4]
K grefo] ebx| o] vlsf o] A5 ®ola glrt.

TRV g S £329] Mn, Fe, Cr #2k2 0.85 ppm, 3.
20 ppm, 47.81 ppb2 A A} HF ¥} o4 =t Ca g
2F2 32,82 ppm S & 37.00 ppmel| Hl& Tha o H
ojtk, Mn ek 7}l 2jedofx| 1.51 ppmo 2 9 H
o2 #A vebgrh Cu #Fe 3, A5 A4
0.45 ppm, 0.49 ppm o2 e} A 3xc} Eci(P<0.05).

=
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Fe A 22 &9, 739 x4 4.96 ppm, 3.73 ppm.2.
2 Feo) whr). Mg, K, Pb, Cd, Cr, Na k2 §9] 3}
7} $IEHP>005). 74 Ca F3h A% Zn ke 7
Z} 43.45 ppm, 0.47 ppm 2.2 €} ||| nvlz] ko)
Ec}.

E-2 FF2] Mn, Cu, Cr ko] 0.93 ppm, 047
ppm, 47.97 ppb & A A FFH} ki £ Mg, Zn2
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Lejele] oAl 47 EE9] Starking Del-
icious, Starkspur Red Delicious, Indo, Starkrimson Del-

7} FEel Ao

icious, Golden Delicious, Yuko, Iwakkai, Orei 52| %
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Aupd o2 ye BExEE vehllz gli=d P
Cd, Cr, Na @ere §2l371 gchP>0.05). 0154
Orei2] Mn ?ﬂ'o% Z+zt 1.13 ppm, 1.14 ppm o2 FQ
F52] il F219] 053 ppmF Z o] E Helw
¢l2n] Starkrimson Delicious®] Mn &ek2 0.34 ppm
o= A4 3] A S WET oleh. Cu B

o] ¢}7}o], Orei, Starkrimson Delicious %o} 0.45 ppm,
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Table 5. Comparison of mineral contents of Korean apples according to varieties (edible portion, wet basis)
Regi Mineral Mn Cu Fe Zn Mg Ca
CBION  Varieties (pm) (ppm) (ppm) (ppm) (ppm) (ppm)
Newlonagold  0.624020° 045£010° 4972249 0452019 47.42% 1729321749
Yesan, ,0E° 086007 061009 245+221°  035+0.07° 5I° 49.28+29.45°
Chungnam Fuji
Mean 0.66+0.23 0.44+0.19 3224188 0.37+0.13 52.89+17.86 38.251+22.68
Newlonagold 0424012 035£010° 271163 0.47+021° 47.63+ 15.3579+15.51°
Jongju, pore’ 069+0.17 040+0.11* 247+106°  033+0.18 60" 38.75+13.65°
Jonbuk Fuji
Mean 0.63+0.24 0.39+0.16 221+1.31 0.38+0.16 463911404 34.64+17.74
gewlozagold 1.05+0.26% 0.49+0.13° 2.84+1.03 0.42+0.18° 47.91+12.32.63+12.28
ongo
Tacgu, Aort 0.98+0.16° 049+0.18 2.40+147 033+0.11" 67 34.44+10.58'
Kyongbuk Fuji
Mean 0.86+0.29 0.47+0.20 2.90+1.56 0.39+0.19 4796+14.76 34.77+13.43
Newlonagold | 151075 0282011 373+139% 0292009 51.99+ 18434542077
Wonju, Ao’ 1444074 0434021 248+090  036+0.11° 95 42.85+ 7.89°
Kangwon Fuji
Mean 1064009  041x014  345+211 0314009 460541427 424811805
Newlonagold  0.66+022"  025+0.13"  1.76:£0.86 0.41£0.10° 57.19+13.2291+ 3.50°
Suwon o’ 0.69+0.19° 0.40+0.11° 247+106' 0334018 98 38.75+13.65°
Kyonggi Fuji
Mean 0.63+0.19 0.35+0.11 2414091 0.361+0.12  51.63+15.77 35.29+14.27
Table 5. Continued
Regi Mineral Na P K Cr Pb Cd
cgton Varieties (ppm) (ppm) (ppm) (ppb) (ppb) (ppb)
Newlonagold 17,62+ 5814942+ 10.1238.15+ 182.4946:228.86' 24 .68 = 24.11.433:9.26'
H
Yesan, aort 21.74+ 831" 96° 76" 51.55+25.25' 46* 10.48+5.72°
Chungnam Fuiji
Mean 20.08+ 7.44 55.41+13.58 1328.001+172.43 42.59+29.05 21.37+22.18 9.44+7.50
Newlonagold 2434+ 9.0147.66+ 12.1378.35+ 160.4836-39.79" 23 .48 +- 24. 9892833
Jongju, o’ 23.68+ 836" 84° 8s* 46.79+38.12" 42° 874+ 6.43"
Jonbuk Fuji
Mean 22.86+ 7.61 0.86+13.72 1262.56+186.49 42.34+30.77 22.43+22.51 8.0415.86
Newlonagold  24.61213.90" 5334 g 18 1255.70+ 178.56.44+36.00° 17.74 + 15. 6.20+4.18"
Hongok 1991+ 7.71° o ‘
Tacgy,  pori 20714 597 54.12+ 1139 44.68-+35.06' 28° 7.89+4.70°
Kyongbuk gy 16.82+ 533
Mean 20.51+ 877 5257+ 8.85 1339.264+211.86 43.64+33.09 18.17+18.40 8.41+5.85
I:{ewlmﬁagold 1547+ 4.69°52.36+ 17.1299.66+179.47.46+31.83 18.28 + 14. 7.65+5.71"
Wonju, acr 21.20% 824' 37 86" 40.29+35.73" 86° 11.32+10.
Kangwon Fuji
Mean 18.82+ 6.74 52.84+14.25 1274.26+171.75 42.80+30.90 23.02+24.87 9.17+7.00
Newlonagold 17,62+ 11.36" 56.06= 4.53' 1339.02:+ 108 44882653 18.34 £ 17. 508497
Suwon  ort. 23.63+ 836 49.28+ 6.65 61° 4679+ 18.11° 48° 8.74:6.43°
Kyonggi Fuji
Mean 19.91+ 8.00 5151+ 920 1294.76+164.74 43.54+31.02 21.92+20.43 7.79+£5.81

YMean -+ SD of ten times measurement
“Means with the same lettered superscripts in a column's aren’t significantly different at the 5% level by Duncan's multiple range
test (DMRT)
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Table 6. Mineral contents of commercial apple juice

Mg 53.12 ppm, Ca 37.00 ppm, K 1302.04 ppm, Na 19.92
ppm, P 54.02 ppm, Pb 21.90 ppb, Cd 8.56 ppb L& 1L
Cr 42.46 ppb. 2.2 4] K, Na, Mg, Ca, P 59} glefo] =&
Holvj 53] Kef ek %7 1302.14+181.25 ppm 2.
249 ol Gislo] ek olelR Ak 33, ohee),
ZHEE, 38, F4 5L AT AF AREN
S, FA, 52, A 1, EBE, 26 E 24 2
F0m) up@o] o} - Azl 1000-1200 ppmci= thh
_‘r_;q] b}-E}‘ﬂL_D% Na-2- Al U-o:]?./\(lml’\/]_ Al = /H HE
2] 20-40 ppmi’r HlSgh A8 Bol Fagleh wgk
Cadle F5olut Al 2ol we} zpe]7} =4 o}
ekl Ha1Ael w]e) ol oldel Al e
alr}. Pbe} Cd 28}z Cr ek Tkebe 59¢] o 72]
ol vlaroe EAaA| e Egolu} Aol whep 54)
el Ao) % 1ol 21t AAE 2 vhsk o) o)
= A AL) Bokh £450) Aol oja) Hoa g7t
i},

BE ARPFALL AR AlntFEAS 27| E2t
AlFollal F-EET gl 100 A AlFEA(5F)
2 50% At TSR EE)e] 713 RS Table 63
Zheh 100% Al F40] 3)5-2 0.32%, Mn 0.66 ppm,
Cu 023 ppm, Fe 1.50 ppm, Zn 0.76 ppm, Mg 37.85
ppm, Ca 26.23 ppm, P 41.32 ppm, Na 29.10 ppm, K
1105.78 ppm, Cr 53.88 ppb, Pb 26.39 ppb, Cd 6.66
ppb FAEo] SITh. Mn ke A% ALRFEA 4o
A 0.53 ppm.S.2 e} sl wla) Fepe] oo, Al
AbhFs 32 Fe hgko] 211 ppm o2 -2 #o|ch.
Al Al 12 Mg, Cadb K 3FeES 41.71 ppm,
30.98 ppm, 1204.25 ppm. o & F& $F-g Holw P
G2he 35.89 ppm Ot ThE Fanch ) A A

(edible portion, wet basis)

Sample No Mn Cu Fe Zn Mg Ca Na
' (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

1 073+0.14° 025+009" 1254073 091+£041" 4171568 30.98+6.82° 2632+ 5.40°
2 05910.09" 023+0.04 1374066 0.86£028" 3564+£525 2524+6.65 2834+ 587
100% 3 0714018 0174004 21141100 0774029 3670401 2582+7.42" 28.03+13.00a
Commercial 4 0.53+0.07" 0214014 1.51+£1.09" 0.62+033 33.30+4.92° 23.96+4.91' 29.58+13.98"
Juice 5 0754011 029+0.11" 1274109 066+0.18 41.88+£338 2513+6.90" 3321+ 6.64°
Mean 066015 023£010 1504092 076+032 37854569 2623+679 2910+ 9.29
6 0241008 0.17£0.11° 1664083 0.78+026" 18164528 2385+5.53 1490% 411"
50% 7 041£0.15" 0.18%0.10° 2894095 0.68+0.18° 18924447 2401x£6.09" 1657+ 5.85°
Commercial 8 0262008 0161009 198+0.93" 050£021' 1855+4.64° 24.09:585" 1784+ 5.16°
juice 9 0324003 020£0.11° 149+ 1.11° 064+£020° 1836+312° 2238+590" 2244+ 6.61°
Mean 0.31+0.11 0.18%0.09 200+1.07 065£023 1850+428 2359+585 1794+ 5.82




96

Table 6. Continued

gAERets)A) 4 289 A 15 (199)

Sample No P K Cr Pb cd Ash
) (ppm) (ppm) (ppb) (ppb) (ppb) (%)
1 35.89+ 9.59° 1204.25+180.69° 54.03+30.67°  3.13+2567 6334632 0334005
2 47.66+14.59° 1121.58+179.93° 56.62+37.44° 23.92+2376° 629+6.64" 031+0.11
100% 3 39.17+14.42°  1065.44+131.96° 6049+26.26° 2981+29.13 429+454  0.27+0.07
Commercial 4 41.97+11.49° 103824+ 87.06° 43.70+23.19°  4.16430.62* 7.74+571°  0.36+0.15
Juice 5 43.18412.76" 1099.39+239.62° 54.55+24.53*° 20.73-18.22° 8.65+6.79°  0.30+0.13
Mean 413241210 1105.78+212.14  53.88+2825  26.39+2519  6.66+5.99 0.32--0.09
17.60+ 6.65°  487.42+154.15* 43.15+31.78"°  49.25+3401° 656+527  0.17+0.03
g 19.84+ 537  461.11+158.68°  43.72+3228  37.48+3292° 6224611°  (.18+0.04
50% 8 16.57+ 535  466.49+121.67° 39.34+22.59° 39.80+2942° 655+6.17°  0.13+0.04
Commercial 9 18.44+ 643 444.03+133.01" 35.06+2696" 40.49+36.19° S.77+5.43%  0.1940.05
Juice
Mean 1802+ 562  465.01+137.97  4032+27.77  42.49+3224 6274554 0.14+0.04

"Mean+ SD of ten times measurement
“Means with the same lettered superscripts in a column's aren't significantly different at the 5% level by Duncan's multiple range

test (DMRT)

Table 7. Mineral contents of an authentic apple juice from Fuji variety cultivated at Yesan, Chungnam

100% 50%

Element(unit) 100% Juice 50% Juice 25% Juice Apple Commercial Commercial

Mn (ppm) 023+ 0.13” 0.11+ 012 0.04+ 0.03 0.62+ 033 0.66+ 0.15 031+ 0.11
Cu (ppm) 020+ 008 011+ 0.08 0.07+ 0.01 021+ 0.08 023+ 0.10 0.18+ 0.09
Fe (ppm) 1.49+ 0.77 078+ 1.09 035+ 0.12 201+ 0.89 150+ 0.92 200+ 1.07
Zn (ppm) 056+ 656 039+ 0.32 0.19+ 0.09 033+ 0.09 0.76+ 0.32 0.65+ 023
Ca (ppm) 4259+ 540 28.67+ 4.67 1595+ 2.21 4459+ 2891 2623+ 679 1850+ 4.28
Mg (ppm) 5423+ 580 31.65+ 3.88 17.38+ 145 55.76+ 15.63 3785+ 5.69 2359+ 5.85
Na (ppm) 23.14+ 898 1426+ 546 8.35+ 0.08 2150+ 993 29.10+ 929 1794+ 5.82
K (ppm) 1382.63+178.90 623.65+132.87 306.27+112.76 1337.02+102.13 1105.78+212.14 465.01+137.97
P (ppm) 58.24+ 2587 2732+ 5.76 14.18+ 0.09 5690+ 19.60 4132+ 12.10 18.02+ 562
Pb (ppb) 16.21+ 2215 1047+ 23.21 754+ 0.07 12,774 10.80 2639+ 25.19 4249+ 32.24
Cd (ppb) 459+ 4.65 277+ 5.45 0.77+ 0.02 757+ 3572 6.66+ 599 627+ 554
Cr (ppb) 4841+ 2232 2342+ 23.56 1554+ 1.41 3494+ 2525  53.88+ 2825 4032+ 27.77

YMean + SD of ten times measurement

F2 32 Cd §eko] 4.29 ppbE it}

50% A F2o) 714 @S B 0.14%, Mn
0.31 ppm, Cu 0.18 ppm, Fe 2.00 ppm, Zn 0.65 ppm,
Mg 18.50 ppm, Ca 23.59 ppm, Na 17.94 ppm, P 18.02
ppm, K 1465.01 ppm, Cr 40.32 ppb, Pb 42.49 ppb, Cd
6.27 ppbelt}. Al Ap3F2 78] Fe aF-S o2 50%
Al AlsEse]] vls) 2.89 ppmo 2 Y53 ) A
I Al3HF2 99 Na @38 2244 ppm 02 -8 o]
o K gkt Cr §ek-2 444.03 ppm, 35.06 ppb 2 93]
2} geh Al A2 62] Pb §Hed2 49.25 ppb 2 v}
E Tl vl ot

Absh F2o] A ol R K| §eke] A4 Erha
Az gloem™, Ryan™2] ol7-oll4l= 130 mg/100
m/, Brause 5%"9] o FolAl&= 116 mg/100 miZ A}
ok, =3k Mattick 572 1979-1981+3 31d-E<ke]

- §ko] Cd 6.22 ppb , Ca 38.61 ppm, Fe 1.09
ppm, Pb 33.65 ppb, P 125.36 ppm, K 1073.0 ppm, Na
20.80 ppm, Zn 0.37 ppm £2] A3}E Yehf 3 gt
B ool = P ek 41.32 ppm 2§ Mattick S-2]
AFwe} thh G A E ol T glont, vhuix)
w71 e A dAT AoE wolw ik

Aztet BF AppFe) v oAk F2
E3S AF, ofFelel UE Foof o4 gL
Table 73} 7t} Mn, Fe, Cd& Al#ticts 25 FA
oAlA gedol o] WAl vebgtrt. 2t Cu, Ca, Mg,
K, Nazt P @ #ol7k A9 gich. Wl Cr, Zn @
e ot Z7bstadrh oleld Aol EF Fago
2 AMEE Abske] Al Folw gl Ao AR,
Ao Fosh Al 2o Hel vlola Ao
2 grhdd.
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EF ATF20) A AR ao] v|d  BF S
2} 100% A& F=25 v 23l Cu, Mg, K, Ca, Fe, P
o] ke AlFtellA] o #A4 Yelt o} Zn, Nag A
7 FollA gheFe] vig- Eghel w3 Mn, Cd, Pb,
Cre- Abgte} Al F200| 4 §-2) 271 99 =HP>0.05).

100% A F2291 50% F53H S22 vlwsid
Zn, Pb, Ca, Cr, Fe& 50% #5848 S golA §eko)
A vehdoh ubH o] K= 100% 20l dhafo] #
oHeg Fr} 100% F2:9 50% H5Tf S8 ¥
LA, Cr, Cd, Pb 28] 3 Ca ke 37| alo] & Ho|
3L 9lth 50% A53 250 HE olE £ 0]
ghage] 2 olf= o & glot A Aulut 4]
Tl £299E 7 iAo gt

AE 399 4 7]1EC] ="l Pb 0.3mghkg
o]}, Cd 0.1 mg/kg ©]3}, Sn 150 mg/kg o]&}to]c}. o]
O F T8 f5E e A FaFY T35
F=F AALE AAIRE vl gle o], AellA] Pbx} Sn £
L o] SANE Bl o AHEEE dae] R4 v
£33 4 olcha gich Pb g3k A A7) 7be] Hoid g
2 Friy v B A3 juice 3(100%), juice
8(50%)2 A Folw v = AAF| 7] wlie
$% 7FsAel A&k ¥ 4 Qloh zev Pb %
2] ekl {33 47|13 0.3 ppmell= LU A= 5
Folglch

2 %

gk Abte] A F5] rEvE e, 35, F
Z], o}¢2]2} Starking Delicous, Starkspur Red Del-
icious, Indo, Starkrimson Delicious, Golden Delicious,
Yuko, Iwakkai, Orei®} As8= 7 ¢l 100% Hed Al
Fo6F)k 0% ABaE SREF) 1A P
& oo 3k,

Abbol| 4= Mn 0.20-2.52 ppm, Cu 0.10-1.03 ppm,
Fe 0.24-9.88 ppm, Zn 0.09-1.06 ppm, Mg 21.08-99.00
ppm, Ca 15.16-99.56 ppm, K 842.10-1788.10 ppm, Na
10.32-40.53 ppm, P 24.43-90.97 ppm, Pb nd-98.05 ppb,
Cd nd-36.08 ppb, Cr 2.25-123.76 ppbo]%l2.m K, Na,
Mg, Ca 5= §rafo] &3 Pb, Cd, Cre w3 &xj19
F57 A3 g Apolrt ). w& Mn, Cu, Few
FEF Fol A7t =AY, Po, Cd, Cr g5 2
27 ok wRUEE FEM e S0t oheksich
Hupr 0 2 o} o), F8ollA kel ¥, 4] FF
& O ghepe] o) AbAW f-olAd FAE AAg
ZA3}, Mn, Cu, Fetr= §2o]x7} Frejzict. Mg, Ca,

Pb, Cd, Cr, Na= §-914} ¢lo}. AU E x| Go|A] =
HE foA<l ol7t FeelA A vehda k. 4
2wl Ak g e, A Alzke ghak
ol xov] Met, 4 A9 AdA 28 Fapo] Yr}.

100% A} F=2~2] 7-9- Mn 0.37-0.99 ppm, Cu 0.10-
0.61 ppm, Fe 0.19-3.70 ppm, Zn 0.20-1.77 ppm, Mg 24.
47-49.56 ppm, Ca 14.42-42.30 ppm, Na 14.71- 52.58
ppm, K 785.07-1440.30 ppm, P 22.01-63.56 ppm, Pb
nd- 95.55 ppb, Cd nd-17.65 ppb, Cr 8.60-110.98 ppb.2.
2 ORFE Foo) 100949 Foao) geke vmsh
Cu, Mg, K, Ca, Fe 3t5F2 R5 F2olA] v =}, Zn,
Na& 35 F2olj4] §eko] 2}l Mn, Cd, Ph, Cre
AbRe} Fofl 4] F-2)27F ¢ih(p>0.05). 100% A=
Z 101 50% A5k A2 v|wabd Zn, Pb, Ca, Cr, Fe
AE-L 100% Al F2ollA] gheFe] Arh K 100%
Algt F2uellA] gheke] v gt Fe, Pbi= 100% Al
Fol| A Fo]F o ghefo] Ao m Na, Cd, Mge &
2|27} ek(p>0.05).
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