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Table 1 Primary equations for the chemical equilibrium model
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Table2 Complexation capacities of river water and conditional
stability constants of organic-metal complexes
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cd 0,042 0,027 0,034 | 8,47 8,55 8,50
Pb 0.19 0.14 0,16 8,08 7.95 8,00
Cu 0.12 o.16 0,15 7.43 8,07 ° 7,90
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(pH<5.8
{PH>5.8

logK =0,48pH -1, 63
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~Adsorption isotherms of cadmium on suspeaced sediment
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Table3 Measured concentrations of dissolved metals in river
water from Xiawan section

BB RS, 15 Juliff EiSs—S. pEx 0 =S, S, ( 2t R ES,—S,
NEmB : 7 | ; =<
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pH 6.5 | 2.5 |50 (7.5 &2 l7e |70 fs2 |76 |75 |82 |18

Cax 10-3 0,8 | 3,0 '1,5 (0,4 |i,7 |0,7 [ 0,4 [0, 7 {05 |0,3 |07 [0,5

Mgx 1074 | €5 [ 5.0 l3.0 0.5 /6,0 ]1,0 0,4 |50 |30 ;0,5 |2,2 [1,0

Nax 1077 .0 2,5 [2,2 {0,2 |53 (0,3 |04 |05 |0,6 [0,1 |04 |0.3

" Kx 1074 0.2 10,7 |05 |01 fo9 |06 | — | — |04 [0,1 |04 |0.3
Fex 1073 0.8 |10 9,0 |04 |50 2,0 |06 |[2,0 |1,0 |03 1,0 |0,5

L Max 1073 1.0 (3.0 |2.0 |10 |3.0 |20 | — | — | — | — | — |o.s
Cux 1077 1.0 |16 8,0 |10 58 30 0.7 | 1.0 0.8 |07 |1,2. | 1,0

& Pbx 1077 4,0 |25 6.0 | 1,0 |25 10 0.6 | 4.0 [ 2,0 [0.,08]|10 |o0,4
Cdx 1073 1,0 |40 8,0 | 0,2 120 10 0.1 {3.0 (1,0 |0.,08{0,09]|0,00

# Zax 1078 — - 12,0 |2,7 |3,5 [3,0 [0,1 [0,8 |0.5 — — lo.2
Asx 1077 0.8 |3.4 [20 0.8 | 3.4 |20 | — | — |50 | — | — |¢.5

o+ Hgx 10°* — | =20 | = | =110 | — | — 1098 | — | — [0.9
mol/ NH*(x107¢ J22 65 35 0.8 (18 13 3,0 (12 7.0 [ 0,15 4,5 (2,0
LY\ HCO-,x107% | 1.4 |3.0 | 2.6 |0.8 |2.2 | 1.8 |14 | 1.8 | 1.7 | 1.6 | 1.9 |'1.8
CO%* "y x10"4 | 2,4 |5.0 | 4,0 |0,04| 0,14 0,08 0,03]0,12|0,08(0,08/0,15]0,1¢
PCO4x 1078 0,03/0,17 |0,05|0,6 [1,1 [0,8 |2.,6 |0,9 !1,8 |1,8 |0,8 [1,0
SO,,"x10°% 10,8 |2,0 |1.4 {04 [0,8 |06 [0.2 |0.4 |03 |0,1 0.3 |0,15

. NO7gx1074 0.8 J2,0 |14 J1,5 |2,0 |1,3 0,5 |1,0 |07 0.4 |1,0 [0,7
Cl-x10°# 4,6 |15,0 (10,0 {o0,5 | 9,8 (1,1 [0,2 |0.,6 |04 [0,06|0.8 |08
Fx10-4¢ 2,0 |12 6,0 [0,5 |4,0 [1,2 (0,1 [o0,8 102 |01 |[7.,0 |0,2
PO%-,x 10 0,06 |10 0.5 | — | — |05 |0,02|0,08|0,04]0,01][0,030,01
CN-x107¢ — |20 — — — |13 -~ — — — — |o,8
S3-x107¢ — | — |15 | = — |15 | —- ] — - | - | = -

AN x107e - - j20 | — | —J2,0 | — | — |20 | — | — ]1,0
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Fig. 4 Calculated metal speciation
1.free ion 2,inorganic complex 3.organic complex 4.adsorbed form 5.precipitate
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Table 4 Total concentrations for model input
#“€ 5 ®Y S: S3—S4 Ss—Ss l Sv—5,
pH 8.5 8.0 | 7.5 7.5
pE 6,0 6,0 6.0 6.0
Ca 1 2,00 2,52 | 2,00 2,70 1,50 2,82 1,40 2,85
Mg 2 0,15 3,82 0,15 3,82 0,10 4,00 0.10 4,00
K | a 0,07 4,16 0.07 4.16 0.06 4.22 0,04 4,40
Na | ® 2,40 2,62 1,90 2,72 0,80 3,10 0,30 3,52
Fe(ID 6 0,003 5,52 0,005 5:30 0,003 5,52 0,002 5.70
Fe(1) 7 0,006 5,22 0,003 5,52 0,004 5,40 0,005 | 5,30
Mn 8 0,02 4,70 0.02 4,70 0.01 5,00 0.008 | 5.10
Cu 9 6,5x10°3 | 5,19 5,0x107% | 5,30 | 3,5x107% | 5,46 1x1073 | 6,00
Cd 11 0,5x107% | 6,30 0,3x1073 | 6,52 0,2%x10°3 | 6,70 1x107¢ | 7,00
Zn 12 0,02 4,70 0,02 4,70 0,02 4,70 0.018 4,74
Hg 14 | 0,7x1075 | 8,15 | 0,4x1075 | 8,40 | 0.2%x1075 | 8,70 |0,1x1075 | 9,00 -
Pb 15 0,014 4,85 0,010 5,00 0,004 5.40 1x10°3 | 6,00
COs 1 1,60 2,80 1,60 2,80 1,00 3,00 1,00 3,00
SO, 2 1,00 3,00 0,80 3,10 0,40 3,40 0,20 3,70
8 1,80 2,74 1,10 2,96 0,20 3,70 0,05 4,30
F 4 0,18 3.74 0,12 3,92 0,09 4,05 0,07 4,16
NH; 7 2.00 2,70 1,50 2,82 1,00 .| 3,00 0,40 3,40
S 8 1,5X1073 | 5,82 1.3%1073 | 5,89 0.8x1073 | 6,10 0.20 6,70
PO, 9 0.01 | 5,00 0,01 5,00 0,01 5,00 0,01 5,00
CN 14 | 0,1x1073| 7,00 | 0,1x1073 | 7,00 0. 7.00 0,1x1073 | 7,00
HA 15 1,4xX1074 | 6,85 1,4x107¢ | 6,85 1,4x107¢ | 6,85 1,4x1074 | 6,85
AD* 16 | 0.5 0.3 0,25 0.6 0,20 0.7 0.19 1,00
AsO, 54 0,8x107% | 6,10 | 0,8x1073 | 6,10 | 0,8x10°3 | 6,10 0,8x107% | 6,10
NO, 57 0,1 4,00 0.1 4,00 0.1 4,00 0.1 4,00

#: ADBfrkg/L
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Fig, 5 Calculated metal speciation at pH 5
1, free ion 2, morgamc complex 3, organic complex 4, adsorbed form 5. precipitate,
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ER B R RS X A R AR R B R 7S, BS Bt 1 78 oK BE PR AT pHER.
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A STUDY ON HEAVY METAL SPECIATION IN POLLUTED
RIVER WATER USING A CHEMICAL EQUILIBRIUM MODEL

Xue Hanbin, Bai Naibin, Tang Hongxiao

(Research Center for Eco-Environmental Sciences, Academia Sinica,Beijing)
ABSTRACT

Speciation of cadmium, lead and copper in polluted river water from
Xiawan section of Xiangjiang River was investigated wusing a modified
REDEQL2 chemical equilibrium program, 12 metals and 12 ligands that
form 134 complexes, 42 precipitates, 2 mixed solid precipitates, 5 oxidation—
reduction reactions and adsorption of the metals on suspended solids were
considered according to water quality data collected during a period of
1982 to 1985, The precipitation diagrams were simulated and the comple-
xation capacities, conditional stability constamts and adsorption constants
were measured so as to derive the model input parameters, The calculated
results, which were quite consistent with measured data,indicated that at
pH 7,.5—8.0the dominant species are precipitates and adsorbed forms and
the dissolved spec1es,1ncludmg free ions and inorganic complexes, account,
for less than 10% of metals in the system, As pl—% decreasés, the fractions.
of dissolved metals increase sharply,
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