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The lead (Pb) and cadmium (Cd) distribution characteristics was investigated in the zinc, lead and copper
smelting plants for the assessment of anthropogenic Pb and Cd emitted from the non-ferrous smelting plants.
To assess the anthropogenic Pb and Cd emitted from a smelting plant, the input materials and output materials
were collected from each process. The materials were sampled over the three times at each sampling point and
analyzed with ICP or ICP-MS. According to the input materials used in the non-ferrous smelting plants, the
ores were main input source of Pb and Cd. The Pb and Cd included in ores were produced the products thropgh
the roasting process and casting process. In addition from the roasting process and casting process many by-
product or process waste were generated as the output materials emitted into the environment. Among the out-
put materials emitted into the environment, the sludge was main source of Pb and Cd emitted into the envi-
ronment. The emission amount of sludge was not so much, but the concentration of Pb and Cd in the sludge
was very high. Therefore, the sludge dumped in landfill site should be controlled with Pb and Cd as content

value, not as leaching value.
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ZH|Fo2 ByEy Qrid JI=E-L ofdgAe) F2
o] AL, ofddA S AfdsAY Al-bskes Agol
A A =] TR AR 3,404E/4(20114
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2011 =) siEheA vijE ¥ olF HEALE ks
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ol 134 oA Al@A]e] 270 (Plant 1, 2), 13}
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& skt 131 F AEA M E T3S 7R
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Fig. 1. General process of zinc, lead and copper smelting Plant.
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Table 1. Sample type and sorts of the Plants tested

06130.b2 7500w £ vjduwo] 50 g% 33] o4}
ANFsle] E3tsle] BAA g2 ARSI
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Age] AAe= US EPA-3051AVE 7o s A8
o wkg} tha WPsle] AMESIsITh AlEe] A H Fsh
o 250 mL ®F-§719] Wi H4F 21 mL 2 7mlE

FASAT, 7R Q% PATIEAS) 282 v

Szt AlE7F BAR vE-E719 AN F 3
2o A 2A17F o AAAIA HAE] AlslEEE SIS
o, WRSESES] 255 A8 &8 SR =2
SHEE Sl A7 Bt 2 dEE fAAA 13
37t BUH HE-871E WZZL & oA Ea87)o
A4k 6mLet A 2mLE ¥ 255 AMAM3E 23
2A7F 30% Bt REEEHES FFAA Wl &
s} F-871He] §9-8 Whatman No.40 J344]
2 100mL &5k ofFstal 05M Ao &
A7) A Adoz ARSI AlE A Wl
wi} 2A1E AAe US EPA Method 200.7'90) w}z}
FeAstEel=rt 38247] (Inductively Coupled Pla-

Type Plant 1 Plant 2 Plant 3 Plant 4
Input -Ore -Zinc ore -Zinc ore -Lead ore -(é(i)lli)czerroocf
materials -Reused waste -Collected dust -Collected dust -Collected dust )
-Collected dust
Waste -Sludge -Sludge -Sludge -Sludge
-Wastewater -Wastewater -Wastewater -Wastewater
-Roasting process -Roasting process -Roasting process -Roasting process
Output -Off gas . . . .
materials -Casting process -Casting process -Casting process -Casting process
-Cadmium stick -Cadmium stick Lead ingot -Electrolytic copper
-Product -Zinc ingot -Zinc ingot 8 cathode

-Sulfuric acid

-Sulfuric acid

-Sulfuric acid _Sulfuric acid
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sma Sepctrometer, ICP (| 2FAL: Thermo SCIENTIS,
USA / =d4: iCAP6300 DUO ICP-OES)) ¥ =4
stZgl=nl R4 7] (Inductively Coupled Plasma
Mass Spectrometer, ICP-MS (A 22} PerkinElmer,
USA / 2d9: ELAN DRQO)E o]&-3te] EX31itt.
Zefzule] ¥ AlFe 2 3 (g 220.353 nm, 7}
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ug, 7F=% 0.0013 pg= 1+
i), EARAEIAIE 5] Sls 400 pg/lel
FER ol THe SHRT Y F AR #4% 5
gt whol| ef3)] EAaIAaL, L AR W 04871
pg/L, 7F=E 0.0276 pg/LE VERSTE £ Atelxe]
= 88.1%, JH=H 89.3%= UEh b, A=
= 9 6.7%, 71=F 41%S VeI
3. &3t « nE
3.1. AEY ot FIEE sS4
Table 2= A £9&E 9 wlEE & 9 7I=F
FEE 33 WHpe®E YeRNL ik 7b A A

340 FlEE 98 T W 7IEE s AR,

L FET - olo}g

C 1=y - 2198 - A
Plant 13} 29] oAz oM= 7l=F T=7} 2,850-
3,655 mgkgl 2 vl =A UEEA, § FEE 61.5-
461.8 mgkg® & UERITE 7l=F w57t g w59 of
8~47 A YERSET, ole 7l=go] i old%
Aol gf=le] 947] wiiZolt). Plant 13} 2014 AM8-H
olAFA L FARE FE eI QA k=], o]
= U olAFA] FU=l ut e FYEE A7
w} 27 w&e) Ao 2 AR} Plant 39 Wd
AollMe F S BHOR s 952 H '%
259,681-264,984 mg/kg, 71=F FEE 23.0-26.6 mg/
kgo 2 W F=7F 953 =4 JERAL, Plant 491 &
AN E F FEE 89.9-924 mgkg, 7IEE FEE
12.8-134 mgkge 2 |3} 7l=F BF thE 34 H
3 W2 5Eolqth BE A M E U7 LAUAIAIA
oA EFE AL BobA AFE o Z thA] HjARE
of FYEe] YEE AMEH7] o] JAe HER
AMHE kA Eahal wAaRE Tl A wjagAgolA H
2tElo} O] RolR]= FaEgo|ng P31 IR
o7 HY FUFEE &I Plant 4904+ 5%
A g JRA ez A 982 AREE, FAE
oA FIEE-S HEHA BUAL, Hol thhk FHrEe] 9
= AoE YERTH

7} Al g AT FEEAEOM AikEE AlE T
g3 Jl=F 525 AR, Plant 15} 2004 AJAks
= 7I=E £F T V=R SEE 698,168-997,802 mg/
kg 2 YEQ] ol 9] FH} oF 241~275H] =

Table 2. Cd and Pb concentration in samples of the Plants tested (n=3)

Items Unit Plant 1 Plant 2 Plant 3 Plant 4
Cd Pb Cd Pb Cd Pb Cd Pb
Ores mg/kg 200184 6194  3,623.07 44940 2473 261,894.26 13.16 92.03
Collected dust mgkg 2,901.84 6194  3623.07 44940 2473 261,894.26 13.16 92.03
Silica rock mg/kg NA NA NA NA NA NA ND 6.74
Wastewater mg/L 0.20 0.01 ND ND 0.02 0.01 0.04 ND
Sludge mghkg 138.19 8514  521.26 77953 13819 8514 38044  2,834.97
Off gas from s 943 031 0.04 0.19 0.15 1.37 3.26 42.55
roasting process
Off gas from — s 002 10.24 96.07 0.19 22.15 0.38 3.25 14.47
casting process
Zinc ingot mg/kg 1576 28.29 171.70 28.89 NA NA NA NA
Cadmium stick mgkg 698966.34 11.14 995327.37  24.46 NA NA NA NA
Lead ingot ~mgkg  NA NA NA NA 279 292,006.06 NA NA
Coﬁi‘;tré’;i’sg o mgke  NA NA NA NA NA NA 115 6.68
Sulfuric acid mgL  0.02 0.06 ND 75.87 ND 0.02 0.02 0.10

*ND: Not Detected, NA: Not Applicable.
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Al VERRt ole AlFeEe] AR flsl ZAAE S
A BEC] AAHL =g el wokxl7] o
Folt}. o}y F & FEE 265-315 mgkg, 7HEE
FEE 10.6-174.2 mgkgl ® olAZA w} v Uel
WAL, JIEE 2 5 9 FEE 10.3-26.6 mgkgl =
olAFA Ht Bl JERTE o] Hgk HA|FES AA
FAOZRE] AF At ast AR Qe BEER
ﬂlﬂfﬂi’iﬂ wZo|t}, viAaFA S B3l FAHER Ak
= FiM e g 7lEF F5= Plant 19] 9=
22k 0.02 mg/L, 0.06 mgLE wi$- SA vERtoL)
Plant 29 ZA9E o] 759mglE A velgth
Plant 304 A== 939 T =& 266,334-
315,165 mg/ko 2 WA RTH 118 =4 Yelyitt, o]
= 30N EEo] AR o el =2

27} AR ] witoloh wlARe] FAkEE ALkEE
FrM = 7tEES AFHEA 2%, B2 0.02 mg/L

2t AEF9 Plant 40014 AitElE A7 £ 9
FEE 6.29-6.89 mgkg, 7H=F FEE 1.12-1.19 mgkg
o7 AR ZkzF oF 114, 149 Zaske e
el o] B3t W78 ALke fal g 7=l
AN BeER AAEN] wZolt). wjige]
—‘?J%i At GelME 7EE-2 0.02 mg/L, &
< 0.10mg/LE HEH At
7} A w8 FEFAA wiEEE wiETt
2 T 99 e FEE A9EY, Plant 1 ¥143F
HiE7ks 5 9 FEE 0.28-0.35 ugSm’, 7H=H =
£ 0455.74 ng/Sme 2 Yepdal, FE534 mE7ks
% 9 ¥EE 751-1343 ug/Sm Jt=E F=E 0.01-
0.04 pg/Sm*o 2 HAg Ao M= Jt=go], FEFH
A ol o =4 UrEP)ﬂ Plant 2 ¥i&3d wiE7k=
F 9 BEE 0.14-0.30 pg/Sm®, 7JI=F FEE 0.03-
007 pgSm*e g Jelgty, FE234 STt £ 9 5
= 0.16-020 pg/Sm®, F1=E FEE 71.7-1204 pg/
Sm3_§ v oM = del, FEFAAME 7t=F
o] B ¥4 Uetsth 53] Plant 2 FE34 W&/t
Mol Tteg s WAL Vi F st M =
Al UERTh dibd o g ofdy] A AEA TEg
2E 2 ol AYake] FAREE AgldEolA ofde A
2ksl7] 91gh FAolA Th=go] o] ¥HEeiA7] of
ol FEFH WiETkRA Fh=go] A UERE A
o2 o3l oL} Plant 194+ viA&3A oA Fl=E<]
O =7 Uehd 0= Hol Al duitt FA ] 27iAte]
7h #lE7Ree] ARl IS PIAA des E

ASATE. Plant 3 W2z WSS F 9 F=E 057-
182 ngSme, 71=H s 0.12-0.16 pgSm’e g 7o

TIF oA A UERGL, FEER WERs T
%Et 0.23-0.48 ug/Sm®, 71=8 =& 21.8-22. ug/
SmPe 2 Jl=F st =4 e Plant 4 vl
A wE7ke F 3 FEE 35.7-52.0 uglSm’®, 1=H 5
TE 1.834.04 pgSmPe 2 Fe] Frrt EA Yeps,
FEFA M2k F 9 BEE 13.0-169 pg/Sm , 7t
TH T 264-361 pgSmPe g 9o Fwvt =4 U

Epgt). 7 A wj AT 9 FEIAOAME J T}
CRo] BE AZSHT 1 78k Tak A AW A
olgiA|qh BE lé- RE ZHAM g3t TI=E sEE

25 713 2NN AAshs W& 87 E(d 2
mg/Sm’, 7F=H 05mg/Sm3)13>iv} - G| YeRdh
7F A AR ggellA] wlEEE XElEs 2 o
FAZ Y T g Jl=g FeE AvEd, A
T 9 7= e o1 A BT WA YeRgo,
Hexg ey F |9 7lEg sEE g 24 JER
t}. Plant 1%} Plant 3& 22 Fx|9] &E3A2] AlAdo]
3L, Plant 28} 4= /WEAERE A A2 $ A2jHF
= ol 32 viE WRskal ddgleH, HiRE|eYe
ZF e E st JAT). Plant 12+ 39] #5320y
9 FEE 79.9-885 mgkg JEE FEE 130.2-
1435 mgkeg® 2 YERIT, Plant 29 #H5-xgley &
g FE 754.2-8105 mgkg FIEW E¥EE 512.1-
5314 mgkgl 2 YEPRIT) Plant 13} 204+ dol o}
AFAET =A YEREDL, Plant3ollA= k=gl W
ARk 274 Jepdth Plant 4] d5eA2loY & 9 5
T 28142866 mgkg, 7IER EEE 378.6-382.5
mgkgo 2 F3AHT; e oF 31|, Fh=E-S oF 20w
A depgth ol ulagd 7| S duRAI M=
W R 2 7S AlAE) sle] e <5
2AAETAS 7R Q7] wiEell Tl wiEEE ¥
Aol PPl 2 gal=o] e Wi 7=l
HAga ol S54 33 5ol <8l X2)=o] Hl
Z57] wiol =7t B4 Uehds AR HoZin
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Table 3. Input and output amount of Cd and Pb in the Plants tested (n=3) (Unit: ton/yr.)

Item Plant 1 Plant 2 Plant 3 Plant 4
Cd Pb Cd Pb Cd Pb Cd Pb
Ores 3,119.73 66.59 2,254.86  279.69 7.76 82,240.30 9.34 65.34
Tnput Col%e:cted dust  58.04 1.24 67.65 8.39 0.74 7,856.84 0.04 0.28
Silica rock NA NA NA NA NA NA ND 0.18
Total 3,177.77 67.83 2,322.51  288.08 8.50 90,097.14 9.38 65.80
Wastewater 0.04 0.02 ND ND 0.04 0.02 0.03 ND
Sludge 2.03 1.25 21.64 32.36 2.03 1.25 3.77 28.07
Off. gas from i ) i i i i i 0.04
roasting process
Off gas from i i i 0.16 i i i
casting process
Output Zinc ingot 8.01 14.37 54.69 9.20 NA NA NA NA
Cadmium stick 3,145.35 0.05 1,387.09 0.03 NA NA NA NA
Lead ingot NA NA NA NA 0.56 58,639.78 NA NA
Electrolytic — \s NA NA NA NA NA 0.38 221
copper cathode
Sulfuric acid 0.01 0.02 ND 45.61 ND - 0.01 0.07
Total 3,155.44 15.71 1,463.42 87.2 2.79 58,641.05 4.19 30.39
Input vs. Output (%) 99.3 23.2 63.0 30.3 32.8 65.1 44.7 46.2

*ND: Not Detected / NA: Not Applicable / - : showed only 0.00 value calculated by ton/yr.,, but the amount was exist

FAlel] o3l T AT Plant 29 W £ 7
288.1-296.0/d, 71=¥ FYHF 2,290-2 344/ 0=
97% oV’do] o}AgAel &l F9l=ar ATt Plant 3
o] o EQl2ke 89133691 1605/, 71=F TS 7.9-
9IEMOZE 91% o)’de] FdAol| 23l FUSL AU
th. Plant 49] ¢ FUFE 6436715, 7I=F FY
F 9196EM 02 99% o)do] FdA e 28] Ty
3L AQLE a3 EE 13} AEA N gt =g wilE
o] 32 920 AMEEE B 7101dke & 5 2
ol9] Aol ost wa} =] FUH 1
2 A B & 9 mIRA] X3l AU
Plant 4914 F4== AL &gt |3t 7h=
ggFo] 79 e Aoz YEehth

Plant 1¢] g W& 14.8-1748/3, 71=8 Hi&T
3149-3 159/ 02 Fear} vlwsl| HH, W oF 232%,
FIEE-2 F 99.3%% vlEstaL AT TtEES TI=
¥ 2=gof 93l g2 oA ofsf tFE miEE L
AATE Plant 29 ‘g viEHS 118.3-12228/M, 7h=
¥ EF 1,458-1466=/d 02 Tk} vwsEs,
FIEE-2 oF 63.0%, 32 F 303%5 wiEslal AT
7tEE-2 71=E 29 o8, W ik dAeE e
Yol oJal] giFE miE= 1Ak Plant 39] W ulE
2 53,590-63,292% /4, J1=F wiEY 24-3.1E/420
2 B vws|EH, JlEES oF 325%, 9 oF
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1
i

65.1%= wiEstal Aot TH=E2 dleAiE] el 9
all, E= goll ofaf thF2 iS5l 91Tt Plant 49]
G iSRS 302-308EM, TIER vlEY 424350
2 FAR Vs B, ThEES oF 44.7%, W2 oF
46.2%= WIEstaL QSIT. Th=gat @ B deAE e
el ofsfl thF-E wiEE Al AU Fig. 29 32 7} A
A g 7k=ge] B 2 aEEEE = EeAE
ERASL itk Plant 13} 20041 |} 7k=80] @732
2 wfEss AR TE AR ¥ 8ol Eehwof
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7tEg2 o wiEE e wiAlel o wol] Egkue]
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Zinc ingot 21.19
Zinc ore 98.17 Plant 1 Cadmium stick 0.07
Collected dust 1.83 Sulfuric acid 0.03
Total 100.00 (Pb) Total 2129
<Unit : %>
Off gas from roasting process 0.00
Off gas from casting process 0.00
Sludge from wastewater treatment plant | 1.84
Treated wastewater 0.03
Total 1.87
Zinc ingot 3.20
Zinc ore 97.09 Plant 2 Cadmium stick | 0.01
Collected dust 291 Sulfuric acid 15.83
Total 100.00 (Pb) Total 1904
<Unit : %>
Off gas from roasting process 0.00
Off gas from casting process 0.00
Sludge from wastewater treatment plant | 11.23
Treated wastewater 0.00
Total 11.23
Lead ore 91.28 Lead ingot 65.09
Collected dust 8.72 Plant 3 Sulfuric acid 0.00
Total 100.00 (Pb) Total 65.09
<Unit : %>
Off gas from roasting process 0.00
Off gas from casting process 0.00
Sludge from wastewater treatment plant | 0.00
Treated wastewater 0.00
Total 0.00
Cupper ore 99.30 Electrolytic 3.36
Collected dust 0.43 Plant 4 copper cathode
silica rock 0.27 (Pb) Sulfuric acid 0.11
Total 100.00 Total 347
<Unit : %> -
Off gas from roasting process 0.06
Off gas from casting process 0.00
Sludge from wastewater treatment plant | 42.66
Treated wastewater 0.00
Total 42.72

Fig. 2. Mass balance of Pb in the Plants tested (n=3).
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Zinc ingot 0.25
Zinc ore 98.17 Plant 1 Cadmium stick | 98.98
Collected dust 1.83 Sulfuric acid 0.00
Total 100.00 (Cd) Total 9923
<Unit : %>
Off gas from roasting process 0.00
Off gas from casting process 0.00
Sludge from wastewater treatment plant | 0.07
Treated wastewater 0.00
Total 0.07
Zinc ingot 2.36
Zinc ore 97.09 Plant 2 Cadmium stick 59.72
Collected dust 291 Sulfuric acid 0.00
Total 100.00 (Cd) Total 52,08
<Unit : %>
Off gas from roasting process 0.00
Off gas from casting process 0.00
Sludge from wastewater treatment plant | 0.93
Treated wastewater 0.00
Total 0.93
Lead ore 92.29 Lead ingot 6.59
Collected dust 8.71 Plant 3 Sulfuric acid | 0.00
Total 100.00 (Cd) Total 6.59
<Unit : %>
Off gas from roasting process 0.00
Off gas from casting process 1.88
Sludge from wastewater treatment plant | 23.88
Treated wastewater 047
Total 26.23
Cupper ore 99.57 Electrolytic 4.05
Collected dust | 0.43 Plant 4 copper cathode
Silica rock 0.00 (cd) su":l;:dd ::;
Total 100.00 -
<Unit : %> -
Off gas from roasting process 0.00
Off gas from casting process 0.00
Sludge from wastewater treatment plant | 40.19
Treated wastewater 0.32
Total 40.51

Fig. 3. Mass balance of Cd in the Plants tested (n=3).
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Fig. 4. Emission contribution of Pb in the Plants tested (n=3).
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Plant1_Cd
0.0°

%
1.9%

0.0%

=Treated wastewater
=Sludge

Off gas from roasting process
u Off gas from casting process

Plant 3_Cd

= Treated wastewater
= Sludge

Off gas from roasting process
= Off gas from casting process
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Plant2_Cd
0.0% 0.0% 0.0%

=Treated wastewater
=Sludge

Off gas from roasting process
= Off gas from casting process

Plant4_Cd
0.0% %0% 0.8%

= Treated wastewater
uSludge

Off gas from roasting process
= Off gas from casting process

Fig. 5. Emission contribution of Cd in the Plants tested (n=3).
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