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Abstract

In order to predict the distribution of chemical species of copper and cadmium in water,
conditional stability constant and complexation capacity between copper or cadmium and
natural aquatic sediment have been determined in a shallow lake in Haman, Kyungnam.
Kinetic parameters were calculated by Langmuir isotherm equation. Conditional stability
constant was log Kcisee=4.78 and log Kcgsca=4.45. Complexation capacity was 1.70X107*
moles/g for copper and 5.54X107° moles/g for cadmium. Accuracy of experimental values
of conditional stability constant was checked by comparing the calculated concentration
of the metals with the measured one. Relatively good agreement between these values
was obtained. Relative errors were 89% for copper and 6.5% for cadmium. Data of the
measured conditional stability constant were put into data base of MINEQL computer
program, and concentration of various chemical species of copper and cadmium in a model
aquatic system was calculated. Aquatic sediment was associated with copper at the concent-
ration of 107°M(0.059g/¢) and with cadmium at the concentration of 107 *M(0.018g/¢), and
it significantly influenced on the distribution of chemical species of the metals. This result
showed that prediction of chemical species of the heavy metals in an aquatic system should
be taken into account the influence of the sediment.
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C. = [L] + D> n[M.H(OH),L,] 6
Cy = [H] — [OH] + Yj[M,HL.]

— Y kM (OH).L, (M
A71M Cue & BE5FE, G2 F AU=SE,

ChE % 2] ¥E 283 m, j k ne ot
ojml F& AAF=AFE F3tx [M], [L], (HIE
g Y OE FE RE FEFE A d F
Ut ojzigk fdzjol ohe} 1rE o] Westal of
al.(1976)°} 7§ ¥t gt MINEQL computer program©|
o] & AR T 2 Jl=FHY 3F AL
HP-1000 computerel]l ¢]3] d3h3}tHr}, o] T2
P AT A YHFEE A A
© 2 data basedl© 34% 9] Fo]27 57%F 9 2o
25 FEHL Qo o)5re g YA EHE
1413%F 9] g8t it A &8H A5} FEH o
Utk EF FAFo vHE FHNL oF
38t RXE ANY 5 U= E 19tE ] Ut

Aol o] L2aWE HE37] Y e A
Ao ety 24 & 84 2 259 2R 5
Ae od2zkA e 25 92 5:E AR
Fojo} gict,

flow chart= Fig. 191 JeEhA A

HFA By

A71H ==& Model CM-IDB conductivity me-
ter2 %74 3} 21 pH= Metrohm 632 pH meter £
243t &to]2 e EF-RYUFAE o)L
v o g ZASATHEASHILBGIIEE S
#8, 1981). ¢7tel e MYd-2 8 A& &7 &
A Alekg AME-3h 002N H.SO,.2 A5t
tEl g Flon Giol2e B At A
2 FYer HAYFIAHAPHA - AWWA -
WPCF, 1985). #<d®7183d9 #8532 Orion
model 701A digital pH/mV meter2 &3 3%}
(Shuman and Woodward, 1977).

3. 2ot % 13

1]

31. HAUD T2l W JI=E Alo|e] FAHR obHE
Ao} AghsH
FFol EASE B4 HAFELE ANs)
AANE Gtsel & FE9 AHEASE Lojo}
gk ol F43 ABurgol Bojsle t=e



62

o127 - u g2

SUBROUTINE FLOW PRINCIPLE VARIABLES
NAME CHART INVOLVED
initialize ITMAX, EPS, THRSH, ITER, XMU
INPUT .
input X, GX, T A GX s NN
INION ioni
ionic GK
-IONCOR strength
OINCMP print input
X, GX, T; A GK
OINSPC data
SOLID dify f
mo 1ify or A GK T
solids
SOLVE lve f
sowve for C. GC:X GX Y, Z
soluble species
ID -modi '
SOLIDX un-modify C, GC, X, GX: A, GK, T: NN
for solids
precipitate
yes
OUTCMP output solved X, GX, T,
OUTSPC problem C GC, GK A

Fig. 1. Fow chart of MAIN,

% 5= & #3538 (complexation capacity) ©]&}iL
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4% A ES ¥4 ¢ dve 5YHE YR
EF3EE HAEY 183 FHE QAT ATE
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Z79 pH, oleAx 183 2R EAHE
Z1% dA=F57E Eok

1453 AZe BAd 2570 2 4 gle
A site® 7HA I Qe YY) YL=g B 5 A

{Hohl and Stumm, 1976). oJ® 2lt=2 X == e]
FET 253 28 F e siteTE & 35
(complexation capacity) 2.2 Jehf=d e 2
38 F Jdv 559 Bexz ZAg
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Fig. 2. Langmuir adsorption isotherm of copper.
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Fig. 3. Langmuir adsorption isotherm of cadmium.
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Table 1. Theoretical and experimental values of copper concentration

Total Cu Cu concentration(xM) Error Relative
added(«M) ‘ Experimental Theoretical («M) error(%)
50 0.58 0.61 0.03 49
100 1.33 1.27 0.06 47
150 2.18 1.98 0.20 10.1
200 257 2.74 0.17 6.2
250 292 3.57 0.65 18.2
300 4.06 4.46 0.40 9.0
Mean of relative error 8.9
Table 2. Theoretical and experimental values of cadmium concentration
Total Cd Cd concentration(uxM) Error Relative
added(uM) Experimental Theoretical (M) error(%)
100 78 8.1 03 3.7
150 12.6 135 09 6.7
200 214 20.1 13 6.5
250 30.7 284 23 81
300 352 388 36 9.3
400 64.6 68.7 41 6.0
500 109.0 115.0 6.0 52
Mean of relative error 6.5

g AR AADGFAME At vz Hgo) =
RAAE dotr7] 93t AL AHHAT A
EZ4E A5l 045umillipore filter2 o343}k
F Agol AMg-stdt). olwl Al A Aie
Table 33} Zith

Table 3. Chemical composition of water sample

pH 7.36

SOz 7.75 (ppm)
ClI- 2.80 (ppm)
Alkalinity 0.73 (meq/£)
Conductivity 1.74 X 10° (xo/cm)
O.L. 107° M)

O.L. ! natural organic ligand

TFelol =g FEE BEF 3X10°ME &%
o A T 79 B HAH 6.72¢/¢9
231539 LIYX10°ME st /=g 3¢

6.44g/¢ (3.76X107*M)=Z 3] pH 4~9 H ol A]
SAME HIAA FPEFHAAAL a8 A
=357 & 48 A 0= EDTASH NTAZ 107°M Y
YolE By 2o o AYstd 1 Y s
g1tz 3t eh. Aol F2¥ Felg Ft=F
G NP LR AN YA old Al Y
AAF EAqste FEl9 FI=EFY G uiEA
doz2 AR

Bz Adde Qo 2ol T Ft=FY
T, Ad9 #3}%3, EDTA% NTAY F% 1
g2 HAFe] 383 ZA(Table 3)2 18] 1Y
o oluf o]2ArE AV|VEEE By Ats)
% tHSnoeyink and Jenkins, 1980). 12l FA &
719t Ee] 78 2 Ft=F Atole] AR A
&= *M1985)0] 2318 log Kew =5.80, log Koo =
382 9 log Kiy.=5.008 <83 Adstdd.
A3E Fig 4, Fig. 591 Vel o),
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Fig. 4. Comparison of theoretical and experimental
adsorption percentage of copper. (—) 3
calculated values for the natural water.
(- -) 5 calculated values for the natural wa-
ter in the presence of 107*M NTA or EDTA.

A4 AAFE AR 28 P AN
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3t Hgfct.

HHo] EAEe B¢ A Fe 1/l 3
G o vj(Allen and Unger, 1980) F&l&} 7t=4H 2
T A 799 &3 8 715(Cu 0.5mg/¢o] 3l
Cd 0.02mg/€o)3holl A3 gko 2 7zt 10 "M}
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£ R .
€ " ranniebis
.§ 60f- A _,/”
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o
; 40 ”/
a / = NTA
5 ’ * EDTA
2 a0l 4 No added ligand
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0 1 ! i o |
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Fig. 5. Comparison of theoretical and experimental
adsorption percentage of cadmium. (—) $
calculated values for the natural water.
(- -) s calculated values for the natural wa-
ter in the presence of 10"*M NTA or EDTA.

Table 4. Chemical composition of a model fresh

water
COy*~ 1073 M)
Cr 75X10°* M)
SOy 3.0X10* M)
LS. 2X10°? M)
O.L. 10°° M)

LS. ! ionic strength with NaNQs, O.L. : natural or-
ganic ligand

10 'ME % 3te pH 414 pH 971X ¥ 8}A| 71H A
AlA3lgot. 71 A& Table 5, Table 601 YEMY
Aok ol 7 a2 FrE A B F FE
WESE Jehiden 1% ughe BAISHA 4t
}.

T2l A HFE HE nysiA gow pH
6ol3toll M= zFol 2 T HA {F71EH
ZAgst ez Ay EA43HA "Hed pH W
ol HA 2ol 247t Frletg e HA /7]
B3 A% dde T AT pH 7 e 't
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Table 5. Speciation of Cu(Il) and Cd(II) in a model aquatic system as a function of pH
in the absence of sediment

Species pH 4 pH 5 pH 6 pH 7 pH 8 pH 9
Cu®* 70.0 42.1 31.2 119

CuS0, 1.2

Cul 28.7 57.0 64.1 423 21

CuCOs 33 271 8.7

CuOH* 1.1

Cu(OH). 17.5 50.1 50.1
Cu(OH),s 38.3 489
Cd** 939 91.5 89.3 88.2 825 49.3
CdSO, 1.6 1.6 1.6 1.6 15

CdCrr 39 38 3.7 3.7 34 2.1
CdL 3.0 54 58 54 33
CdCO, 4.8
CdOH~ 6.2 36.8
Cd(OH), 29

Concentration as percentage of the total metal concentration, L : natural organic ligand

Table 6. Speciation of Cu(1l) and Cd(Il) in a model aguatic system as a function of pH
in the presence of 1g/¢ sediment

Species pH 4 pH 5 pH 6 pH 7 pH 8 pH 9
Cu** 515 15.5 7.5 5.2

Cul 22.8 328 30.0 244 2.1

CuSed 248 514 614 50.3 34

CuCO; 11.9 8.7

Cu(OH), 7.7 50.1 50.1
Cu(OH)zg 349 489
Ca* 87.7 62.0 413 376 36.1 279
CdSO, 15 1.1

Cdcrr 37 2.6 1.7 1.6 1.5 1.2

CdL 2.0 25 25 24 1.8
CdSed 6.5 32.3 53.7 574 56.2 435
CdCO; 27
CdOH* 27 20.8
Cd(OH). 1.7

Concentration as percentage of the total metal concentration, L : natural organic ligand,
Sed ' sediment
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A3 £ JehAA apfrol &/d st M4
7183 AFT Fu7t FasAct pH 8043l
AE gRE £ e a2 £ §3
Ao EAE nYste EF 7o B& %ol
AAx 2% Jeg EAHA == pH 70]3)
dre oe 3eFoz e AAZ olFHA A
A7 Agsloz o2 &g BXx P & 4TS
Fuh ae)x Ads A§S AL pH 6914 614
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g 3EdFEEL 15~62% oW 2y A
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382 JAFF 559 ST ELE 453
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g3t EXZE AN £ glSS o F U}k
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A Ao AE Ao] pHe| Wil wet A3 F7t

E #ZastA sed olRe £ ezt 44
o FF sitedl] Al F£40]23 F4o|29]
AYHog FLeo A7t FL Fholo] &
1o g At F&o|&& §9%02 FaA
717] wjFolgti & Salim(1983)9] B s} T
x| 8} o},

a3 318HE o Solle ¥HEA] A o] 1 H
oo} st SHEHE X o] L 1A 7] A Fshe
A9 G o= HEARE Lol 7] 35l 22
2d U458 A8 pH 794 AAY FE
(F353)E 10 Mol A 10 °M7HA] HEAFIEA
TFelg 7= o] SRFREE AMs 2 2
= Table 73 9kt

TFelot Fl=gS 22 A Fol 107°M(0.059g/4),
107°M(0.018g/D) ol d=E A A2 HAYYP Reol U
El7] Alztste] o2 st EE ¥ 4¥s F
Ade v=rt AAFE 1 A= ¢ AJE &
F ANt

¥ FAsFY dYEHY FEE 20~560
mg/éolRen (- %, 1990), 5% 379 %
H42 3L 3.73 ~175.25mg/¢ ol A THE, 1991). °
€ T 388 59 79} =g AF

i

Table 7. Speciation of Cu(Il) and Cd(II) in a model aquatic system of pH 7 as a function

of the concentration of sediment

Concentration of sediment (M)

Species 107 10°° 10° 10°* 10°
Cu?* 117 116 109 6.7 14
CuCOs 277 26,9 25.1 154 33
CuOH* 11 11 10

Cu(OH); 174 173 162 99 22
Cul 423 421 404 204 83
CuSed 6.0 378 846
ca* 88.0 86.1 710 257 35
cdcl 37 36 30 11

CdSsO0, 15 15 12

cdL 58 56 46 17

CdSed 24 196 709 9.1

Concentration as percentage of the total metal concentration, L . natural organic ligand,

Sed : sediment
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