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A Study on the Elution Characteristics of Heavy Metals from
the Industrial Sludges by the Variation of pH
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ABSTRACT

This study was carried out to find out the elution characteristics of 4 kinds of sludges and
a dust by the variation of pH. Four kinds of sludges were obtained from the Industrial wastes,
and the dust, from the iron-and-steel waste. These samples were analyzed by “Official Method
for Waste”, and the results were summarized as follows.

1. The amounts of heavy metals

The concentrations of Cu were 1,940 mg/kg in dust and 1,110 mg/kg in sludge from fabricated
metal, while those of Pb were 31,000 mg/kg in dust and 1,790 mg/kg in sludge from fabricated
metal. The concentrations of Cu and Pb in these two sample were much higher than those
in the others. Meanwhile, the concentraion of Cd in dust was 593 mg/kg while those of T-
Cr in dust and sludge from fabricated metal were each 1,700 mg/kg.
2. Elution characteristics of heavy metals

2-1. Elution characteristics in sludge from textile industry

The eluted solution at pH=10 contained as the highest concentration as 18.5 mg/kg (4.6%
elution rate) of Cu, 28.8 mg/kg (4.5% elution rate) of T-Cr and 0.0097 mg/kg of Hg. And
the elution rate at pH=10 was 100 times higher than that at pH=2,
2-2. Elution characteristics in sludge from paper industry

The concentration of Cu, Pb and Cr'% at pH= 10 were as the highest as 0.226 mg/kg (0.003%
elution rate), 0.107 mg/kg (0.23% elution rate) and 0.039 mg/kg, respectively. Hence, the con-
centration of T-Cr was as the highest as 0.152 mg/kg (0.48% elution rate) at pH=86, while
that of Hg was as the highest as 0.0023 mg/kg at pH=4.
2-3. Elution characteristics in sludge from fabricated metal industry

The Cu and Cd were highly eluted at pH=6 as much as 0.436 mg/kg (0.039% elution
rate) and 0.015 mg/kg (0.046% elution rate), while Pb, T-Cr and Cr'%, at pH=10 as 0.571
mg/kg (0.032% elution rate), at pH=2 as 1.06 mg/kg (0.062% elution rate) and pH=2 as
0.101 mg/kg, respectively. But, in case of Hg the eluted was almost similar to 0.0060 mg/kg
at pH2, 3 and 10 each.
2-4. Elution characteristics in sludge from leather industry

The eluted solution at pH=6 contained as the highest concentrations as 0.332 mg/kg of
Cu (20.9% elution rate), 0.864 mg/kg of Pb (40.0% elution rate), 0.017 mg/kg of Cd (89.5%
elution rate), 35.7 mg/kg of T-Cr (29.0% elution rate) and 0.643 mg/kg of Cr'*. The elution
rate of leather sludge was much higher than those of the other sludges.
2-5. Elution characteristics in dust from iron-and-steel industry

The eluted solution of pH=4 contained as the highest concentration as 2.28 mg/kg of Cu
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(0.12% elution rate), 15.0 mg/kg of Cd (0.05% elution rate), 22.0 mg/kg of Pb (3.7% elution
rate), 0.115 mg/kg of T-Cr (0.011% elution rate) and 0.112 mg/kg of Cr*®, while that of pH=10

highly contained 0.074 mg/kg of Hg.

Keywords : Sludges, dust, heavy metal, elution, concentration.
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16 Jong Hwan Park and Moonshik Zong

Table 1. Buffer solution by Clark & Lubs method

Classif. pH Description
Sol. I 2 02N HCI 1,060 m/+02 N KCi 5120/ Mark
Sol. 1II 4 0.1N NaOH 80 m/+0.1 M KHCH,0, 107207 Mark
Sol. III 6 0.1N NaOH 1,140 m+0.1M KH,PO, 101207 Mark
Sol. 1V 8 0.1N NaOH 9,360 m/+0.1 M KH,PO, 10/-20! Mark
Sol. V 10 0.1N NaOH 8,780 m/-+0.1 M »HBO, 10/—20! Mark
Table 2. 34 sley 3 39 FF5% i E4EH (Unit : mg/kg dry base)
T + pH Cu Pb Cd Total-Cr
A 9 24 8.0 404 ND ND 644
Fol 1% M 7.1 63.0 46.1 ND 319
e o A 8.1 1,110 1,790 324 1,700
1Ry F 2 7.7 1.59 2.16 0.019 123
AAA7 AF A 86 1,940 31,000 593 | 1060

ND : Not determined. These data are the average value of five runs.
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Table 3. 5+ 5 dseve 534 &5 P79 (€%2F Unit : mg/kg dry base)
pH 1 pH 11 T R Cu Pb Cd Total-Cr Cr(6+) Hg
) o L3eF 0.122 - - 0.273 0.166 ND
" 228 % 0.030 - - 0.042 -
) o Sza) 0.161 - - 0.649 0.283 ND
' L2328 % 0.040 - - 0.101 - -
43 1.36 - - 1.68 0215 ND
6 6.8 -
428 % 0.337 = - 0.261 - —
. "o sz 15.8 - - 26.3 0.180 0.0083
' 428 % 3911 - - 4.084 - -
L5 185 - - 288 0.488 0.0097
10 96 -
228 % 4579 - - 4472 - -

pH 1:&vi2] pH, pH II:

g 1:10(W:V)e) ulg2 500m/ ko] Abzps
glaFe] Wo AE 40 mm, 25C o4 647 EF

ek oy, HA] AL Agbel4 Whatmann 41
ol A2 o] gt LEHS B FEwF _;“7]E

FAA Y o wel "A2]g F Cu Cd % 671
gEg ZH3tgl om Table 3~7of el 47
= 7t “%ﬂ?l% Alge] Fsd w3 Az
7|5 wiste] 5 oz el
dutdo g Fg %° 228 pHoL 2 44
Soiv} e pHYE 8 7hebabe|Ad Svfol A 22
L}EMZIUJ, 3315, AbSE gl palslE So B4
I o= 2 %—%% 3}gE> 54 pH % &4
Ab iz A7 gl A A felsHE 49w o,
ol F 3B B SNl 3t Laf WA= gtew
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e Ao s el KTable 2 #x) pH % Cu, &
A%, 67} 28, Hgel 40 $5% 598 &4 sl
AzA71 8 5 SRk dHd £5 &S
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429 pH, ND: Not determined. These data are the average value of five runs.
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18 Jong Hwan Park and Moonshik Zong

Table 4. $°] 9% dAv2 T4 &5 TM43 (#%% Unit . mg/kg dry base)
pH I pH 1I T 2 Cu Pb Cd Total-Cr Cr(6+) Hg
+5% ND 0.027 - 0.030 ND 0.0015
? o2 458 % - 0.059 - 0.094 - -
45 ND 0.033 - ND ND 0.0023
! o7 LEE % - 0.072 - - - -
S5 0.170 0.095 - 0.152 0.032 ND
° > 228 % | 0270 0.206 - 0476 - -
&5 0.119 0.080 - 0.054 0.003 ND
i o LE8 % 0.189 0.174 - 0.169 - -
45 0226 0.107 - 0.057 0.039 ND
10 % 455 % | 0003 0.232 - 0.179 - -

pH 1:8wie] pH, pH II: &3&19] pH, ND: Not determined. These data are the average value of five runs.

Table 5. 5% 4F Avede F55 §53 4925 (£%32 Unit - mg/kg dry base)
pH 1 pH II 7 ox Cu Pb cd Total-Cr | Cr(6+) Hg
+&3 0.079 0.068 0.011 1.06 0.101 0.0060
? 52 LE8 % 0.007 0.004 0.034 0.062 - -
45 0.163 0.207 ND 0.199 0.056 0.0037
* o9 224 % | 0015 0.012 - 0.012 - -
+E% 0436 0526 | 0015 0.278 0.034 0.0037
6 7o 458 % 0.039 0.029 0.046 0.016 - -
453 0.128 0.267 ND 0.105 0.053 0.0060
; "o 458 % 0.012 0.015 - 9.350 - -
&3k 0417 0571 ND 0271 0.038 0.0019
1 o4 458 % 0.038 0.032 —~ 0.016 - -
pH [:4vi¢] pH, pH II: %992 pH, ND: Not determined. These data are the average value of five runs.

(Table 2 #7)° 2] Table 5ol bl ubel o] abzhe)ad shgolola] 71d whol £%50] 00060
A 9 ol Q19 ool vl 8F BN mykgd ehict

pH°ﬂ deg Fol 853 pH2,4,68 % 109 & F4re] £20]8S A5¥d Cu ¥ Pbi pHé6
wjol] thate] S&Me pHB2, 6.9, 75 76 % 849 3 109 ekEglelx zHzk 0039% W 0.038%2}
T4 H okedbateld SN2 wHsiE ek 0.029% % 0.032%°.2, Cde pH2 ¥ 69 st3&

24 4532 27 Cu ¥ Pb= 85 % pH6  Aelr] 0034% 2 0.046%E, 78S pH29 3}
2 109) fufel A 47t 0436 2 0417 mg/kgH FENeAM 0.062%FE 7HA S £EF8S Hych
0526 % 0571 mg/kg, CdE pH2 % 62] Sujol A 4) 7HEN ) 9% dApede F35 &5
0.011 % 0015, &3F % 67} AE-g pH 29 744 NEra] g]Ee] #4592y Table 60 el
BufelA] 747h 1.06 2 0.101 mg/kgo s B2 <Fo]  wiel 7o)l &% 2 pH 69 FAbA shE4-olef A Cu,
#&=glon, Hge pH29 74itd o pHB2 2k Ph, Cd, 38 ¥ 67} =LEo] 2z} 0.332, 0.864,
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Table 6. 7}523 4% dyede] 354 £53 2449 (8-%#2 Unit : mg/kg dry base)
pH I pH II S S Cu Pb cd Total-Cr | Cr(6+) Hg
45 0.077 0.269 0.007 592 0.112 ND
? o5 258 % 4483 12454 | 36842 4813 - -
L5 0.112 0.332 0010 12.7 0.259 ND
4 62 428 % 7.044 15.370 52.632 10.325 - -
429 0.332 0.864 0017 35.7 0.643 ND
f 62 458 % | 20881 40000 | 89474 | 29.024 - -
43 0.136 0.298 0.007 115 0.119 ND
) 7 458 % 8553 13.796 36.842 9.350 - -
: 45 0.241 0.489 0009 | 247 0.199 ND
R 2428 % | 15157 | 22639 | 47368 | 20.881 - -

pH I: &vl¢] pH, pH II: 8% 2} pH, ND:Not determined. These data are the average value of five runs.

Table 7. A HA7 4F 3 A=A & F345 $5% 2A4EY (223 Unit . mg/kg dry base)

pHI  pHI | 7 % Cu Pb Cd | TotalCr | Cr(6+) | Hg
&5 0.203 0.829 0.165 0.028 0.100 0.051

? o1 228 % | 0010 0.003 0.028 0.003 - —
4z 228 15.0 22,0 0.115 0.112 0.040

! 4 458 % 0.118 0.048 3710 0.011 - -
sz 0.187 0.260 0.025 0.102 0.044 0.037

° o8 425 % 0.096 0.001 0.004 0.010 - -
s 0.333 1.60 212 0.020 0.032 0.063

’ "8 858 % | 0017 0.005 0.358 0.002 - -
Szt 0.292 1.99 0.074 0.024 0.023 0.074

10 % 28 % 0015 0.006 0012 0.002 - -

pH I:&vi¢] pH, pH II: 8% 2] pH, ND: Not determined. These data are the average value of five runs.

0017, 357 3 0643 mg/kgo. 2 713 wo] 825 334 &%
slew, pH 109 =zl 4o, pH49 Abxd8-n, AMHA 7 sdEe] ¥2& Table 7o viehd ule}
pH82 oferztel4l ol 3 pH2ol ZHabd 8w 7ro] £v) pHAS| b4 £ 4] Cu, Ph, Cd, 38
$oF 8Z%eko] Wobi, Wi Hge: 589 RE 0l 67} m8e] 77} 2.28, 150, 220, 0.115 2 0.112

ool 4 ZAZEH = gkatrt mg/kg o & ebdd, Hge pH 109 dzald &
53], 559 ‘%‘?“%?_ B 2 21 v]s ool 4 0074 mg/kg o2 7FA} EA £&Egdon,
53] 2 v ER £3E Cu 4.483~20. 881%, E3] Cu, Pb 9! Cdx= pH 4| 4] t}& pHe} &vjnir)

Pb: 12454~ 40.000%, Cdi= 36.842~89.474%, % ofF 10MF AHEe ¥g §Z2S vlehc)

FEL 4.813~29.024% 2 »}Em_cq, 2% pH69] wit 2588 pH49 kg4 Cdat 3.710

ol P12 FL 58S e %2 thi ¥, 1 vh&22 Cur} pH 42 &ule A
5) AFEA7Y g% #+3 HOP:} el & sl 0.118% % Jeh s 5 wj$ 2o w2 4359

t}.
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