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A study on Recyclability according to heavy metal content
characteristics from industrial wastes in Busan
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Abstract

The amount of waste production from industrial business in Korea has been steadily increasing,
and about 70% of them were recycled as final disposal methods of waste on 2020. However, for the
advanced hazardous waste management, it is expected that the amount of recyclable waste will
decrease as the regulated materials for hazardous waste are going to adjusted and expanded.

In this study, the possibility of recycling as a soil cover and fill material was investigated through
the leaching and content analysis of ‘Sludges’ among 34 industrial business wastes in Busan, and
confirmed the change in recycling rate when the regulated materials were expanded.

To investigate the leaching and content characteristics in the samples, the concentrations of 7
regulated materials(As, Cd, Cu, Pb, Hg, Cr®, CN), 6 non-regulated materials(Zn, Ni, Cr, Ba, Se, Sb)
and 2 ions(Cl-, F-) were analyzed.

In the results of the leaching test, the concentration of Zn(5.9785~188.4200 mg/L), Ni(41.6950 mg/L)
and Sb(0.3120 mg/L) were detected exceeding the proposed criteria. In the results of the content test,
Zn(max concentration, 352656.04 mg/kg), Cu(61342.90 mg/kg), Pb(37271.91 mg/kg) and Sb(9978.02
mg/kg) were higher than the criteria.

According to current criteria, 16 waste samples from region 1, 18 waste samples from region 2 and
24 samples from region 3 of soil can be recycled. If standards for waste and soil are tightened, 13
waste samples can be recycled to region 1 of soil, 14 wastes to region 2 and 24 waste samples to
region 3. Therefore, When standards for waste and soil are tightened, the recycling rate will decrease.
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Table 1. The number of samples classified under industrial categories and kinds
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Table 2. Analyte and analysis method of leaching test

Analyte Analysis method Wa‘:i';’)‘gth
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Table 3. Analyte and analysis method of content test

Analyte Analysis method wa\;?:]?gth
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Table 4. Leaching and content criteria of industrial waste
28712 a8l
oS c[>mg/LI]_ ma/ka]
12|% 222 322
H]|A(As) 1.5 25 50 200
A 71=8{(Cd) 0.3 4 10 60
&= F2](Cu) 3 150 500 2000
d(Pb) 3 200 400 700
o}H(Zn) 5 300 600 2000
YZ(Ni) 1 100 200 500
O] #Al 2&(Cr) - - - _
= u}5(Ba) 10 - - -
A 5(Se) 0.05 35 70 280
QE]=(Sb) 0.07 7 7 70
22(Hg) 0.005 4 10 20
i;ﬂ 6713-2(Cr) 1.5 5 15 40
AIRHCN) 1 2 2 120
o]-4A FA0l2(Cl) - - - -
g5 240l (F) 15 - - -
Table 5. Results of leaching analysis of inorganic sludges
_ _ =T [mg/L] _
= 8371z = T e
H]4(As) 1.5 0.0027 ND®~0.0800 1
A 71=8{(Cd) 0.3 0.0001 ND~0.0041 1
&= F2](Cu) 3 0.0495 ND~0.5985 22
Z(Pb) 3 0.1868 ND~2.7385 3
o}A(Zn) 5 7.3933 0.0432~188.4200 30
YZ(Ni) 1 1.4259 ND~41.6950 21
o]-HA FE(Cr) - 0.0417 ND~0.6022 14
= H}-&{(Ba) 10 1.2419 0.0848~2.8946 30
A E5(Se) 0.05 0.0025 ND~0.0265 9
OtE]-Z(Sb) 0.07 0.0170 ND~0.3120 5
22(Hg) 0.005 0.0002 ND~0.0025 3
i;ﬂ 6713-2(Cr®) 1.5 0.0035 ND~0.1050 1
o XJ9HCN) 1 0.0117 ND-~0.1900 5
a]4A o 40]2(Cl) - 104.141 3.333~1393.905 30
= EA0]&(F) 15 9.311 ND~251.849 20

a) Arithmetic mean
b) ND, Not Detected
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Table 6. Results of content analysis of inorganic sludges

_ HF|E 5= [mg/kg] _
= =
129 22|19 339 A He

H]4(As) 25 50 200 15.58 1.52~119.48 30
A FTEB(Cd) 4 10 60 3.12 0.42~13.22 30
= T2](Cu) 150 500 2000 2307.72 7.17~61342.90 30
Z(Pb) 200 400 700 1419.84 2.51~37271.91 30
o}(Zn) 300 600 2000 15926.51 12.79~352656.04 30
U7Z(Ni 100 200 500 136.37 3.30~2321.76 30
0}7A| 32(Cr) - - - 1907.94 3.02~35836.67 30
= Hl-5(Ba) - - - 193.33 3.40~2938.21 30
A E(Se) 35 70 280 1.03 ND"~6.68 25

OtE]-Z(Sb) 7 7 70 339.94 ND~9978.02 29

22(Hg) 4 10 20 0.04 ND~0.21 24

i;ﬂ 6712.2(Cr™) 5 15 40 0.22 ND~4.81 2
. A]9KCN) 2 2 120 57.63 ND~1356.10 7

a) Arithmetic mean
b) ND, Not Detected
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Fig. 2. Results of content analysis of inorganic sludges
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Table 7. Results of leaching analysis of organic sludges

_ - ST [mg/L] -

Sk =9|= © HEA

= &&= PETT o) g
4| 4(As) 15 NDY ND -
A FtE8(Cd) 0.3 ND ND -
= 2)(Cu) 3 0.0072 ND~0.0286 1
H(Pb) 3 ND ND -
o}%i(Zn) 5 0.4672 0.3077~0.8054 4
UZ(Ni) 1 0.2277 0.0018~0.8494 4
o)A 32(Cr) - 0.0043 ND~0.0171 1
&= H}=(Ba) 10 1.4532 0.2574~2.2904 4
A =(Se) 0.05 0.0016 ND~0.0064 1
OFE]Z(Sb) 0.07 ND ND -
2~2(Hg) 0.005 ND ND -
i;ﬂ 67F3-2(Cr™) 1.5 ND ND -
° AJQHCN) 1 ND ND -
0] 7A] g 20]2(Cl) - 20.525 8.751~40.843 4
i 240 &(F) 15 6.743 ND~25.777 3

a) Arithmetic mean
b) ND, Not Detected
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Fig. 3. Results of leaching analysis of organic sludges
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Table 8. Results of content analysis of organic sludges

st i & [mg/kg] TN
12y 229 339 e e

H]4(As) 25 50 200 1.41 ND"~2.85 2
A FHEB(Cd) 4 10 60 0.62 0.16~1.47 4
g2 ~22)(Cu) 150 500 2000 168.68 33.26~477.91 4
H(Pb) 200 400 700 36.99 4.95~89.23 4
o}%i(Zn) 300 600 2000 2522.38 158.81~8158.75 4
UZA(Ni 100 200 500 435.80 6.84~1704.10 4
o)A 3=2(Cr) - - - 26.77 3.80~41.92 4
T2 v}2(Ba) - - - 169.64 13.51~573.38 4
A 5(Se) 35 70 280 1.31 0.78~2.30 4
QFE]2(Sb) 7 7 70 1.50 0.42~3.40 4
22(Hg) 4 10 20 0.37 0.02~1.41 4
i;ﬂ 6713-2(Cr"™) 5 15 40 ND ND -
° X]9HCN) 2 2 120 1.55 0.88~3.04 4

a) Arithmetic mean
b) ND, Not Detected
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Fig. 4. Results of content analysis of organic sludges

Table 9. Results of leaching analysis by type of business [mg/L]
HE
sk % x."zoi ¢Er 3|'¢ E ]I1|7|% F{A101 Ejd% E *|'§-|5'|‘X|
e 12 —H 2|, €& AE == M| AN
n=10 n=5 n=18 n=1
0.0080” ND ND
Ha 1S (ND?~0.0800) (ND) (ND) ND
- 0.0004 ND ND
o THEE 03 (ND~0.0041) (ND) (ND) ND
s 0.0247 0.1197 0.0356
- 3 (ND~0.1108) (ND~0.5985) (ND~0.4152) 0.0286
N ; 0.5465 ND 0.0078 D
o (ND~2.7385) (ND) (ND~0.1398)
20.3726 2.0845 05113
ot > (0.0594~188.4200)  (0.0571~9.9880) (0.0432~5.9785) 0.3179
4.2832 0.0049 0.0460
Al
o2 1 (ND~41.6950) (ND~0.0223) (ND~0.7696) 0.0028
o - 0.1011 0.0151 0.0101 D
eI (ND~0.6022) (ND~0.0755) (ND~0.0957)
sp= - 1.5056 0.8924 1.2941
okE 10 (0.0848~2.8946) (0.2808~1.6213) (0.4484~2.7995) 0.2574
0.0033 0.0020 0.0021
Al
dE 0.0 (ND~0.0265) (ND~0.0077) (ND~0.0107) ND
0.0312 0.0099 0.0083
9
A 0.07 (ND~0.3120) (ND~0.0496) (ND~0.0561) ND
o ND ND 0.0003
= 0005 (ND) (ND) (ND~0.0025) ND
A - 0.0105 ND ND
spm O713F 15 (ND~0.1050) (ND) (ND) ND
o : 0.0250 0.0040 0.0044 \D
i (ND~0.1900) (ND~0.0200) (ND~0.0800)
arole - 90.711 114.006 95.367 D
o B2 (3.333-380.819)  (11.704~489.135)  (3.689~1393.905) :
= 27.959 1.731 0.991
2a0l: 15 (ND~251.849) (0.137~5.510) (ND~7.967) 0.218

a) ND, Not Detected
b) Arithmetic mean
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Table 10. Results of content analysis by type of business [ma/kg]
g7 |= °4s
Sr2 eSS Tk, of+ L H7|E A Ao HAY F A=A
7 1219 229 3%|H —= g, g5 28 == MH| A
n=10 n=5 n=18 n=1
28.26” 7.10 8.60
H| &
] 2550 2000 (Npei119.48) (3.04~10.95) (1.52~19.27) ND
o+ . 3.88 2.03 2.60
7HE:
A f=8 4 10 60 (0.16~13.22) (1.37~2.63) (0.83~6.15) 0.31
Eis 6287.33 1193.29 55.00
= el 1505002000 (12.17~61342.90) (23.78~5800.30) (7.17~105.26) 76.68
4061.35 92.41 92.37
v}
= 200400 700 (2.51~37271.91) (26.59~141.59) (6.76~766.49) 4.95
12412.26 70704.92 511.45
o
°f 300 600 2000 (12.79~65328.20)  (144.81~352656.04)  (60.89~2178.28) 1031.35
531.33 64.84 10.55
Al
. H2 100 200 500 (3.30~2321.76) (7.75~275.63) (3.46~20.82) 6.84
4 3= ] ] ] 5414.66 552.98 23.88 2.80
A - (3.02~35836.67) (13.15~2656.54) (6.08~47.72) '
g ue ] ] ] 376.45 87.33 125.77 13,51
M s (3.40~2938.21) (30.43~120.25) (53.62~255.71) :
N 1.81 0.37 0.92
Al %
s 3% 70 280 (ND~6.68) (ND~0.53) (ND~5.96) 1.30
1006.36 3.03 6.92
e} 9
e / / 70 (ND~9978.02) (1.44~5.64) (0.64~33.41) 0.92
0.17 0.10 0.02
A0
3 " 4 10 20 (ND~1.41) (0.05~0.18) (ND~0.12) 0.02
Al 0.67 ND ND
=2
s O > b (ND~4.81) (ND) (ND) ND
= 37.78 271.22 ND
Alo
ez 2 120 ey (ND~1356.10) (ND) 1.32

a) ND, Not Detected
b) Arithmetic mean
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Fig. 7. Results of content analysis by type of business
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