CHAPTER IIiI

RESULTS AND CALCULATIONS

In this section experimental results and the calculation of
chemical speciation of cadmium, lead and copper ions are presented.
The analyses reported were carried out in triplicate and the numerical
and graphical representation of results were treated statistically.
The usual standardization of the methods were carried out prior to the
commenring of the.actual measurements. S and SS in the tables designate

surface and subsurface level of water sample respectively.
3.1 Determination of Anions
3.1.1 Sulphate Ion

The amount of sulphate ion was determined by spectrophotometric
method. The typical calibration curve is shown in Fig 3.1 and the

concentrations of sulphate ions in samples are in Table 3.1.
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Figure 3.1 Calibration curve for the determination of sulphate ion

by UV spectrophotometry.
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Table 3.1 Concentrations of sulphate ions in samples.

4

Date Sampling Absorbance|Concentration of soz'
station (mol. dm-3 X 103)

12/10/79 18 G717 14.52 £+ 0,17

188 ——0.%0 15.44 +0.14

25 /9,596 12.02 +0.19

258 _ZV//0328 14.33 £0.37

3 / /6388 8.06 £0.10

3 88 0457 9.37 £0.19

4 s 0,150 3.27 £0.14

4 88 0,187 4,12 £8.19

18/12/79 1 S ¢ 0.803 16,35 £0.23

1588 1.073 21.81 £0.21

28 C.698 14.29 0,21

2SS 0.984 20.31 £90.14

3.8 ROiHR 1iv3l £0.17

3 88 0.595 12.33 £0.19

4 S 0.452 $.35 £0.12

4 S8 0.532 15.94 £0.21
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3.1.2 Chloride Ion

The amount of chloride ion was determined by potentiometric

titration. Fig 3.2 is the titration curve, the equivalence point is at

the point "a" which is the intersection of the lines "ab” and "ac" on

the x-axis of the Grau's plot (see Apprendix I). Concentrations of chloride
ions in the samples calculated by using the principle of stoichiometry

are shown in Tatle 3.2.

Table 3.2 Concentrations 6£;;ﬁloride ions in samples

Date Sampling 'V/éyg;of'Agﬁ03 used Concentrations of Cl |
station '? /,/‘ (mol. dm3 X 102)
12/10/79 1s - /9.09%0.05 27.24+0.15
1SS 9.72+0.02 27.78 £ 0.06
28 “7.2249.03 21.64 + G.09
2 S 9,04+ 0.01 27.09 + 0.03
38 N 2260707 12.77+0.21
3 88 5531 £0.03 15.91+ 0.09
4 8 1.57.+ 0.02 4,71+ G.06
4 SS 1.60+ 0.03 4,79+ 0.09
18/12/7¢9 1s 10.4% + C.04 51,44+ 0,12
1 8S 14.73+ 0.06 44,15+ 0.18
28 9.03+ 0.03 27.06+ 0.09
2 88 13.77+ 0.02 41.27+ 0.06
38 6.56+ 0.03 19.66+ 0,09
3 88 7.18% 0.04 21.52+ 0.12
4 'S 5.26+ 0.01 15.76 + 0.03
4 SS 6.05% 0.02 18.16+ 0.06
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3.1.3 Carbonate and Hydrogencarbonate Ions

The amount of carbonate and hydrogencarbonate ions was determined
by potentiometric titration. The determination consisted of two parts, the
first part, the titration of the water sample with standard hydrochloric
acid yielded the sum of carbonate and hydrogencarbonate ions in the sample.
Gran's plot was constructed and given two equivalence points at vy and v,
cm3 of standard hydrochlorie acid (¥ig 3.3). Obviously, (v2~v1) was
equivalent to the sum of carbonate and hydrogencarbonate ions in that
sample. The second part aimed at the determination of hydrogencarbonate
ion concentration only. This was achieved by the titration of the water
sample taken from the same batch and. the same volume as the first part
with standard carbonate-free sodium hydroxide solution. The difference
of the results from the first and second part was the carbonate ion
content in that volume of sample. Carbonate and hydrogencarbonate ions

concentrations in samples are tabulated in Table 3.3.
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Table 3.3 Concentrations of hydrogencarbomate and carbonate ions in samples

Part I:( g [ l ; Part I11: ([CO] ] only) pPart I-Part II
1 cf NaGHE
s Samp%mg ; "‘T(J,‘z))o i 2Zo:cix~,.N1§2cm3 [1coy] - [c :23 !
station 5 3 | Ly il B S
{(mol x 107) samyple (mol.dm “x10 hmol.dm TX107)
12/10/79 1's 23,02 50,38 1L OSGS035 19.77+ C.35 | 32.51 £ 0.33
1 85 21.67 2071 18,61 XQ.. 23 15.91+ 0.23 | 27.5410.22
285 23,06 £:6702 22.47 + 9,56 22,47+ 0.56 6.13+0.39
2 S8 23,02 + 0702 / 22,97+ 0. 48 |22.97+0.48 | 5.07+ 0.34
38 21599 #1043 19.46 + 5.32 19,45+ ¢,.32 |25.06 £ 0,22
3 58 21.67 £ 0,34 20.05+ 0,28 |25.05+0.253 |16.16x0.31
4 S 21,69+ 0.14 26 = 3.14 21,76+ 0.14 | 2,3120.14
4 SS 22.50 + & )3 21.76 1 0o | 21.76 0.27 7.45+0.20
18/12/79 ES 25,60 + 0 gl 21.70+06A0 |21.70+0.20 |39.77% 0,22
1ss 2113+ 0.21 22,10+ 0.25 22,10+ 0.25 {30.38+ 0.23
28 236571 20.1% 22,39+ 0.3¢€ 22,59+ 0.36 26.75+ 0.27
2 8§ 25, SR8 21 . 9AH P -IB 21.37+0.13 {41.47:0.17
3.5 25,64 + 0.37 22,03+ 0.42 22.03+03.42 |38.08+0.39
3 58S 25.84 + 9.41 23,89+.0.31 23,39+ 0,31 |19.50+ 0,36
4 8 234,890, 12 1¢.38+ G.14 15.38+ 0.14 [65.17+0.13
' 4 8S 25,66+ 0,25 | 18.65+ 0.22 18.65+0.22 :70.301“ 0.23
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3.1.4 Hydroxide Ion

The activities of hydroxide ions were calculated from the samples’
pH and Kw both of which depend on salinity of the samples under
investigation (Fig 2.3). The activities of hydroxide ions in samples are
shown in Table 3.4, the typical calculation has already been shown in

section 2.3.1.4.

Table 3.4 Activities of hydroxide ions in samples.

page ||PHTLINE Salinif;}?(%)‘ N pHi (agy = longH)
station . '// =, pii+pOH x 10

12/10/79| 18 7.6/ /ACsl s h7.3e0.05 | 1.74%0.21
1 ss 16.28 13:43 | 7.630.09 | 3.16%0.61
28 13.58/ 13,17 | 7.41+0.07 | 1.74+0.30
2 88 18.95 1313 | 7.49+0.02 | 2.29:0.11
3s 08:06- 13.22 7045+ 0.09 | 1.70%0.40
3 s8 1001 13.20 A{7.3240.03 | 1.32£0.11
6 s 3.02 13.26 | 7.30%0.05 | 1.10£0.17
4 88 3.06 13.26 | 7.29%0.10 | 1.07+0.28

18/12/79| 1's 22.04 13.10 | 7.90%0.03 | 6.31%0.45
1 88 26.95 13.06 | 7.87+0.07 | 6.46%0.96
28 18.70 13.13 | 7.80£0.05 | 4.68+0.51
2 88 26.11 13,07 | 7.84%0.07 | 5.89%0.85
3s 10.75 13.14 | 7.80£0.08 | 4.57%0.77
3 58 13.05 13.18 | 7.83£0.03 | 4.47+0.30
6 s 9.92 13.20 | 7.64£0.05 | 2.75%0.30
4 88 11.09 13.19 | 7.53:0.08 | 2.19%0.37




3.2 Determination of Catiomg

3.2.1 Sodium and Potassium Ions

Sodium and potassium ions were determined by the

flame photometric

method. The typical calibration curves arz shown in Figs 3.4 and 3%,

Table 3.5 shows the concentrations of sodium and potassium ions in the

samples.

Table 3.5 Concentrations of godium and potassium ions in samples

: Sodium Ton ' Potassium Ion
gy Ty Relative {Na+} ‘Relative (k]
station -3 3 -3 4
Intensity | (mol.dm x107) - { Intensity |(mol.dm "x10°)

12/10/79 LS 65.73 ottt 0852 j 54.903 53.40 £0.82
i 8§ 69.37 Z6.09 £0.35 56.%1 56.77 £0.31

238 39585 20.35 10,48 46.23 40.3C £1.12

2 585 66001 24,00 +07L7 52.12 50.33 £1.05

358 47.08 12,.52a40.17 34.29 20.66 £0.14

3 8S 52,85 16.00 +£0.35 42 .05 33.86 +£0.92

4 8 34.03 4,69 £0.35 23.50 3.78 £0,51

Ss 33.56 4,52 £0.49 27.22 9.92 £{0.51

18/12/79 18 7152 23526 £0,17 58.13 60.05 £1.31
1 8S 86.54 36.35 £0.20 69.27 78.46 +1,12

28 62.27 21.74 +0.18 54,11 53.40 +0.51

2 SS 77,35 30.78 £0.52 67.03 74.73 £0.41

38 56.82 19.65 +0.20 45,57 36.59 £0.41

3 88§ 60.51 20.52 £0.35 49,21 46.03 £1,12

4 S 52474 16.00 +0.19 42,56 34.78 +0.21

4 85 54,85 17.22 £0.17 45,59 3%.69 +0,.61




> 100 b .
&
.§ %/@/
a
2 75 } ——
4 @//
2 50 o
b o T
o A
r~
(0]
o /
25
d /l 1 i L
0 0.05 /;b,io 0.15 5.20 0.25
e mg of Na

7 /
/
Figure 3.4 Calibratief/gurve for the determination of sodium

/
ion by flame /photometry.
)

> 100 | oy
&
o
193]
g 75
9 L
[e]
i
2 50
o
4
o
-
825
! { ! H i
0 ! 0.25 0.50 0.75 1.90 1.25

mg oi K
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3.2.2 Calcium and Magnesium Ioms.

50

The amount of calcium and magnesium ions was determined by the

atomic absorption spectroscopic method. The typical calibration curves

are shown in Figs. 3.6 and 3.7. Concentrations of calcium and magnesium

ions are given in Table 3.5.

Tatle

3.6 Concentrations of calcium and magnesium ions in samples

pai'cium ion Magnesium ion
Date Safipling Absorb(n;é ; [CF ] Absorbance ‘[Mg2+]
suEien l// (mol.Jdm 3xlOl’) (mol. dm—3x103)
12/10/79 15§ 0.258 51.15 40.99 0.370 26.82 +0.33
1SS 0.290 / 58.38 #0.62 0.380 27.64 +0.66
28 0.210 . 40,17 £0.75 0.288 20.57 +£0.23
2 8§ 0= 54589148 0.383 28.11 £ 0.33
38 0.1,’45_‘ 25,20 £ 173 0.160 11.19 + 0.483
3 88 0.165 29.69 0,75 0.232 3.39+0.49
4 8 0.110 17.46 £0.75 0.068 4,11+ 0.47
4 8§ 0.120 12.71 ¥ 0.99 0.075 4.77+0.23
18/12/79 18 0.290 58.58+1.51 0.356 28.13+0.66
1SS 0.365 75.60 £ 1.50 0.415 30.27 +0.82
28 0.245 47.90+0.75 0.335 24,18+ 0.33
2 SS 0.330 67.61£0.99 U.498 36.52+0.23
38 0.19% 36.68* 1.50 0.268 19.25% 0,11
3 8SS 0.197 36.93%+0.99 0.320 23,20+ 0.19
4 8 0.158 27.44%1.25 0.205 14,15+ 0.82
4 SS 0.182 33.681 0,99 0.258 18.43+ 0.11
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3.2.3 Cadmium, Lead and Copper Ion

Cadmium, lead and copprer ions concentrations were determined
simultaneously by the anodic stripping voltammetric method (37, 57, 58).
Under the present employed working conditions the reductiorn peaks
appeared at -0.70 V, -0.55 V and ~0.35 V vs. SCE for cadwium, lead and
copper ions respectively (Fig 3.8). Since Fig 3.3 indicated that standard
addition method could be applied for the determination of cadmium, lead
and copper ions in the water sample both at natural pd and at 0.16 mol.dm-'3
HNO3, the method was therefore- zdopted for such a purpose with the

percentage error of the ﬁeak height readings being smaller than 4%Z. Results

are shown in Tables 3.7-3,12.
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Table 3.7 Data for DPASV analyses of cadmiutm ion in samples at 0.16 mol.dm—3

HNO

3
Sampling i_ sample i_ sample g Cd dm-3 -3
Rate station - (uA) & szandard ; added et e
(ug)-
12/10/72 xS 0.26 0.42 557 0,91+ 0.09
188 053 0.76 0.22 0.67+0.03
255 0.24 0439 0.28 0.46+ 0.01
2rss .20 0.65 .85 0.35+ 0.02
38 0.20 QL3¢ 0.29 0.48+ 0.03
3 S8 0.18 0.36 0.58 0.32+ 0.02
4 8 1.24 158 0.58 1.07+ 0.05
4 SS 0.68 =10 0.29 .46+ 0.04
16/12/75 TS 0.76 1.44 0.5% 0.62+ 0.05
1 SS 0.60 (N 0.59 0.60+ 0.09
S 0.79 TTVA’ 0.58 0.93+ 0.08
2 §S 1.40 21D 0.86 1.24+ 0.02
38 0.80 1.18 0.28 0.58+ 0.05
3 8s 0.41 0.33 0.59 0,55+ 0.01
4 8 0.41 0.82 1.16 1.09+ 0.12
4 SS 0.33 0.48 0.58 1.25+ 0.09

GG



Tabie 2.8 Data for DPASV aiialyses of cadmium ions in samples at natural pH

Sampling ip sample ip sanple ue Cd.dm-3 -3 % of Cd
. station (ud) + standard added il s - natural pH
12/10/79 15 025 2322 7, 0.29 [ 0.73:2 003 80.22
1 Es k! 1.01 : 0.15 0.65 +0.02 97.01
28 0.29 1.30 /| 2=0+89 051 7-+0503 36.96
288 4 1,03 355 0.29 0.12 +0.04 34,28
38 0.33 0.93 .29 0.16 £+0.02 33.33
3 SS G.19 0.68 028 0.11 +0.02 3437
4 S 0.80 131 0729 0.46 +0.03 42.99
i 4 88 1.22 2,00 §.28 0.43 £0.05 $3.43
18/12/79 18 C.44 102 0.56 C.44 +G.03 74.58
1 8§ 131 2,43 B.a2% 0.34 £0.,07 56.67
218 1.68 QT 0.58 0.86 +0.04 92.47
2 SS 1.40 ZolD i 1. 16 +0.09 9355
38 0.32 1.30 J.59 0.19 +0.01 32,76
3 8S 2.68 3.43 0.59 0.45 +0.03 89.09
4 8 1,57 3.25 0.58 0.54 +6.02 49 .54
E 4 8§ 0.27 0.58 0.59 0.48 +0.05 38.40 @
i




Tahle 2.9 Data for DPASV analyses of lead ions in samples at 0.16 mol.dm_3 sample

Date Sampling ip sample ip sample He .Pb.dm—'3 o Pb.dm-3samp1e
station (pa) + standard added ;
(u)

12/10/79 18 1.51 231 1.48 6.85+ 0,07
| LS 3.84 A6 3 1.46 6.20+0.12

2.8 2571 /U422 2.%4 5.03+0.19

2°8S 3.08 3.95 1.43 4.75+0.09

38 4,09 6.28 2.54 7.08%0.13

3 S5 2.03 2.73 2.93 8.05+0.25

4 'S 2.09 Ny 5.84 8.43+0.09

4 S8 5.52 10.34 5.78 6.16 + 0.14

18/12/79 15 2.49 4.93 5.83 5:59 £0.17
1 88 6.43 10.63 4.38 6.34 +0.24

28 2:35 4,20 . 9e8D 6.98 +0.15

2 88 3:17 4.56 ‘ Z294% 6:37 £0.13

38 6.40 8.99 2.94 6.91+£0.20

3 8S 1.44 1.86 1.46 4.77£0.19

4 S 5.45 9.22 2.91 4.02,20,23

4 S8 2.12 2.85 291 7:96 0,17

LS




Table 3.10 Data for DPASV analyses of lead ions in sample at natural pH
ot e Sampling sample i? sample LE Pb.dm-3 & Pb.dm—3sample % of Pb
station (1:A) + standard added at natural pH
(u.p) ‘

12/10/7% 18 372 5723 G.73 1:.2540,13 20.00
1 ss 2.26 3.43 0.74 1.41+ 6.07 16.07
28 1.95 3.28 2.17 2,12+ 0,20 47.43
2 SS 2,97 4,12 0:74 1.86+ 0.14 23.70
38 0.7° 1.55 2.36 2.97% 0.09 42,65
3 88 0.88 1.65 .47 1.66+ 0.13 26.82
4 S 2.63 4,27 47 2.29 40,13 34,60
4 SS 32 1.83 0.74 1,87+ 0.22 58.67

18/10/7¢9 18 4,25 6.5% .74 1:35% 0.03 40,14
1SS 6.45 1l 52 1.47 1.80+ 0.21 62,08
ZS 5.06 aus 1.47 1.80%0.13 26.82
2 SS 1.02 1.80 0.74 0.9520.07 13,02
35S 6.40 8.99 06.74 1.77+£0.10 47.60
3 88 5:45 6.85 0.74 2.36+0.12 70.63
4 S 5+90 7.90 0.73 2,10+ 0.20 43.30
4 SS 155 10.02 0.73 2.17% 0,15 24,12




Table 3.11 Data for DPASV analyses of copper ions in samples at 0.16 mol.dm'-3 HNJ3
e Sampling i sample i sample ug Covd 5% Cu.dm-3sample
station (pss) + standard added
()

12/10/73 18 1.92 3,02 1.48 2.47:0.20
1 SS 2.95 BLDE 2297 3:254+0.18

28 1.60 2613 1.47 2.00+0.07

t 2 8§ 0.80 1.38 4.31 5.46 + 0.21
38 1,12 1,39 1.47 5.83+ 0.20

3 8§ 351 4.98 2,93 3.35¢0,13

4 S 1,03 2.42 2,91 2.06+0.05

4 SS 0.64 222 122 2.73ix 007

18/12/79 18 6.52 1.01 2.91 2,94+ 0.13
188 3.50 5.82 1.46 2.84+0.13

2S 0.81 1.18 1.4¢ 3. 05¢107141

2 SS 4.60 6.12 1.47 4,26+ 0.08

38 2.95 4,07 1.47 3.72+0.05

3 8S 0.66 1.22 282 3.28+ 0.06

4 8 2.50 4,22 4,36 5495+ 0.21

4 S8 5.52 6.75 2.97 5+76 £ 0.32




Table 3.12 Dats for DPASV analyses of copper ions in samples at natural pH

o Sampling ip sample ip sample ue Cu.dm“3 - Cu.dm"3sampl.: % of QU
station (uA) + standard added at natural phk
(ua)
12/10/79 18 125 2a21 1.47 1.86 +0.08 35.30
1 85 1.65 3.65 1.47 1.19 + 0.02 36.84
25 0.93 2.05 1,49 1.2140.05 60.50
2 S8 1.40 2.36 1.48 2:3140,10 38.64
35 0.89 1.98 1.47 1.19 + 0,05 20.42
3 SS 138 1.59 1.47 0.93+0.05 27.76
4 S 2.41 4,30 1.47 1.45+0.11 70.39
4 SS 0.78 1.66 1.48 1.28+ 0,02 46 .89
16,12/78 18 2,82 5419 .48 1.75+£0.03 59:52
1 SS 1.02 P 1,49 0.57£0.02 20.07
28 2.42 4.48 1.48 k20 + 011 55.55
2 SS 2.98 502 1.48 2:11+£0.07 49.53
38 0.82 1.37 1.48 2.15+0.09 57.79
3 8s 0.43 0.93 1.48 1.25+0.03 3811
4 S 4.20 12:23 2,94 1.49+0.08 25.04
4 SS 3.82 9.42 2.94 1.95+0.04 33.85

09
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3.3 Calculations of the Distribution of Metal Species in Samples

In order to calculate tine distribution of chemical species, a mass

balance aequation as used by Zirino and Yamamoto (27) was written for each

metal. For any given metal, M the equations are,as gshown in section 1.3,that

b
[M] total = [M] +I 3 MG Jam nesnoans e onwsaans (363 14
n=l i=l (i)n
v _ n n
ang e sy | =8y MIEGE o 6.3.2)
Fi n (i) .
Y
(1)
- b 13 1 n
therefore, [M]total & [M] FSEO(E B(.) [H][L(i)J Ya'L «e(3:3.3)
n=1i=1 “'n [€9)
ML,
1)

The percentage of the uncomplexed metal ior and the percentage of the

were expressed by equations (3.3.4) and 3.3.5) respectively,

complex ML(i)
n
% [u] - CwaLaroncrorne UnieRsity o)
it e okl oL L) .. (3.3.4)
Ya
@)
b 4 Yn
M
g I il . ok
% [1L(“)n] 100 B, [L(i)J Wi,
n * ..{(3.3.5)
S TR (P i
+1 0% By (Lo 0T vy
n=1 i=1 (1)n (1) L L(i)
Y
M1y
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The utilization of equatioms (3.3.4) and (3.3.5) is possible if

Yo Y0 ML and Bi are known. The values of the later were taken from

Sillen and Martell (32,34) and are shown in Table 3.13. As for y's, they

were calculated by the conventional method and results are shown in

Table 3.14. It is worth mentioning tict the ionic strenmgth, 1 = l I CiZi 3

2
which is part of the computation of y's were calculated Ly assuming that
in the water sample only free ions of the abundent constituents were present.
A typical calculation for/the percentage of metal species is shown
in Appendix III for cadmium. Re¢sults from such calculations for cadmium,

>

lead and copper species are tabulated in Tables 3.15 and 3.16.

Table 3.13 Stability comstants of metals ion-ligand complexes

. _
i | L log Bl log 62 log 83 log 64
-+ -
ca? cL,_ 1.46 1.83 1.96 -
so5 1 - - -
coy” 52 - - -
HCO,, 1.2 - - -
- TR 10.6 10.0 10.0
, 0K, C1 6.1 - - -
2+ - ]
Pb c1 0.88 1.49 1.09 0.94
502 1 - - -
coé~ 3.0 - - -
)m
HCO 2.2 - - -
gk 6.0 10.3 13.9 16.3
oH , Cl 6.2 - - -
cu? g7 1.2 0.9 0.8 0.9
SOQ 1 - - -
co3” 5.6 - - -
HCO3 | - -
o _| 6.4 14.0 15.0 16.4
o , C1 i - = =




Table 3.14 Activity coefficients of anions and metal species

63

' v ! 7 ' YL
& Sampligs | Iomic - (*§ an%:ns . yY's metal species
station |strength Y1~ |Yyuo0™ YCCE' YSOZ" Yo Yy Yo
; 3 3 4
12/10/79| 1 8 3.354 10.654]0.71410.262 (0.213]0.956)0.706 0.217
1SS 0.371 D.654|0.710|0.255 {0.199(0.954{0.704 10.213
28 0.286 [0.656/0.727(0.281 [0.257G.964(0.716 0.236
2 S§ 0.356 D.654]0.712]0.259 0.213(0.956/0.706/0.217
38 0.129 [0.754]0.777|0.365 [0.361{0.264/0.76310.322
3 8§ 0.132 754]10.7771¢.365 0.361}0.983|0.761/0.319
4 S 0.067 10.799]0.814]0.437 |0.434]0.992/0.803 0.406
4 SS 0.070 l0.797]0.81210.434 {0.432(0.991{0.501{C.400
18/12/7% 1 S 0.382 l0.654]0.7084¢.252 [0.195}0.253|0.70210.211
158 0.527_10.648] 0,69010.226 0.164]0.335/0.6900.186
25 0.334 550,719 10,268 [0.227]0.359|0.709]0.222
2 88 0.49 .?5?‘0.694 0.232 {0.163]0.932{0.652}0.191
38 0.2 65G{0.727]0.281|0.257{0.964{0.71610.236
3 8§ 0.292/10.65610.72710.281 10.257]0.964|0C.715 0.234
4 8 0.143 {0,722|0.772|0.357 {0.37410.962 0.75610.310
4 SS 0.24 ;ggs 0.735{0.293 |0.251|0.962{0.724]0.251
© Gy vy V1V
YCl’sYsoi-sYﬁcog ani\ycog- qaiculated from e Yl Yz using the published

v . =E5rand .
Pt & YtKCl**tKZSSfT§25' Y hC0, 2 Ai)C0,, (§0)

: i i
%% y'g metal species calculated from the Robinson and Stoke modified Debye-

Huckel expression (30)

where Z is the ionic charge, in this case is equal to O, 1,

9 2 s .
corresponding to Y's of various species; neutral species (Xn)s

10g B D =

i}

5115 22/1

1

4+ 1.316V1

+ 0,055 1

monovalent species (Yl) and divalent species ( yz).

I is th2 ionic strength.

2
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Table 3.15 Perc:ntage speciation of cadmium, lead and copper ions

in samples on 12/10/79

]
Sampling S %|oH Metal {%#Free LComplex Ligands (L)
00 %
station (M) |ion | (M) cl soz" cag' Hco; oi |[oH ,Cl
18 175154738 Cd2+ 23.43 ML1 37.0111.64 |0.99]0.16 | 0.25 120.73
ML, At 41 0.64
MLL 3.72
sz+ 45 74 ML1 19.0140.32 |1.22{3.15 [24.43 1.77
MLO 0.49 2.49
ML3 0.98
ML 0.40
2+ | /IS
Cu ¥. V7 MLI 1.02]0.01 L2.49 0.02|1.58 6.56
- NLZ 0.07 77.06
M )
| _E4 0.9¢
1 8§ |18.2817.63 Cdz+ 28.83 MLI 45,7110.20 {0.72|0.18 | 0.55 4,66
ML2 14,37 2.56
ML 4,77
24 3
Pb 32.24 MLl 13.4410.22 {10.50(2.08 [30.84 6.55
ML2 7.43 542
ML3 0.72 2.02
ML 0.31
2+ 4
Cu 0.41 }ﬂl 0.35| =~ 2.5410.011]0.98 4.15
ML, | 0.02 90.84 | 4.15
ML 0.01
3 -~
ML4 0.62
| i
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Table 3.15 (continued)

i
Sampling s % pn Metal |ZFree |Complex Ligands (L)
station (M) | don | (L) | €17 soZ" cog' HCO,, OH'! OH ,C1 ]
25 13.587.41 | ca®* [34.38 MLy ) | 46.32/0.26 |0.230.29| 0.39 | 2.61
ML, 4T 1.01
= 2.56
2+ ; x g P - ~ 1 z )
PbT" 4241 [/ML, | [ 15.05{0.32 [0.18]3.62(24.76 | 4.06
; s 8.46 2.49
I / N/ ey 0.4
2+ L K&
Cu 119 [as Tl 0.8910.01 |2.01/0.02| 1.72 | 5.73
EE——#0.05 88.37
he | ML 0,01
'FF.— 3
4 ML =
o .
2 55 118.95(7.49 |ca®t [29.46 ML) 146.2710,01 0.01(0.23| 0.41 | 3.42
ML, | 14.19 1.40
ML3 4,59
Pb<T [37.20 ML, |15.37/0.01 [0.012.96(26.20 | 5.43
L, 8.19 3.52
L, 0.78
ML, 0.32
2+ '
Cu 0.77 | ML, 0.66| ~ |0.09[0.01| 1.36 |5.62
ML, 0.04 ! 31.43
ML, 0.01
ML4 0.01 |




Table

3.15 (continued)
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Sampling Metal |%ZFree [Complex l Ligands (L)
dtation | > %t oH (1) | iom (MLn) €1 S“Z" cog" HCOS OH |oH ,Ccl”
g !
38 18.067.45| ca®” |38.54 ML, 45.15/0.37 | 1.83{0.30 | 0.55 | 2.59
SNML, 7,50 1.45
s N 1.32
2+ 5 : 3
Pb 4&;§é§/lMLl 12.844C.40 | 1.25(3.21 {29.85 | 3.53
7/ ML 3060 3.12
/// ,mL3 0.15
7 ME 0.03
24 V4 4
Cu 0.87 HL, 0.56/0.01 10.43]|C.01| 1.57 | 3.93
L, 0.02 33.04
18 0.02
f=—— 3
3 7 ML
| o~ »
3 ss [10.0117.32 | ca®* [33.53 ML, 48.6410.37 | 1.02/0.35) 0.37 | 2.17
ML, 10.5¢ 0.75
ML 2.21
2+ 3
) 42.57 | ML, 16.2410.47 | 0.81]4.4123.52 | 3.46
L, 6.15 1.91
ML, 0.38
ML .08
2+ 4
Cu 1.40 | ML 1.12(0.01 10.68{0.03| 1.94 | 5.71
ML, 0.05 79.03
ML .01
ML, N




Table 3.15 (continued)

67

Sampling : Metal| ZFree Complex Ligands (L)

S /“ pH = 2_. 2'..{ e sy g -}
lstation @) | To§ | @@L ) | c1” S0, |co3| HCOy| OH | OH,CL
48 |3.0217.30 |ca®t [59.95 ML/ //}32.86(0.35 10.39|0.85 | 0.66 |1.27

L, 2434 1.17
ML 015
2+ 2 7/I
7T (51,85 (L, 7.4816.03 10.21]7.34 [26.73 | 1.36
ML, 0,53 2.02
ML, 0.02
ML \\
R o $
Cu {.g2, LML 0.55(0.01 {3.00[0.05] 2.54 | 2.44
ML, 0.01 89.58
ML, -
: ML, E
4 ss |3.067.29 |ca®t 59,34 | L, 132,6610.43 [1.27/0.83] 0.63 | 1.23
UL, 2436 1.05
ML, 0.15
2t 52,21 ML .56]0.04 |0.70]7.30127.92 | 1.37
ML, .95 1.92
ML, .02
ML
24 4
Cu 1.80 | Mu 0.54/0.01 [9.66[0.05]| 2.41 | 2.36
‘ ML, 0.01 83.16
3
4




Table 3.16 Percentage speciation of cadmium, lead and copper in samples

on 18/12/79.

Sampliné s % pn Metal! ZFree |[Complex Ligands (L)
station @ | fon |Om ) | cr” sof‘ cog' HeoS | oK | o,c1]
15 P2.04]7.90 {ca®t |22.45 ML,/ ) |40.0210.16 | 0.79 0.16 | 0.85 | 8.12
A e 7.88
Mb; —4.5.35
2+ 3
pb7 2013 VML, 9.44]0.14 | 0.45(1.47 (38,19 | 9.17
M 5,82 14.10
MLy 0.65] 0.12
ML .31
24+ 4
Cu 0/11 | My 0.11 0.96 0.52| 2.48
ML, J0.01 25,80
ML, = 0.01
M
Lﬂdq —
1 ss [26.95}7.87 |ca®™ [17.35 L, |28.590.12 0.37]0.11] 0.60| 8.02
i, [19.10 5.73
ML, 9.99
p?T |18.88" ML, {11.04/0.13| 0.26|1.23|32.85(10.99
L, 9.50 12.43
ML, 1.46 0.11
ML 1.10
2+ 4
Cu 0.11 | M, 0.14/0.01| 0.62] - | 0.50] 3.35
ML, 0.01 95.23
ML - 0.01

-—




Table 3.16 (continued)
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Sampling Metal | ZFree {Complex Ligands (L)
station ™) | ion (L) v coZ” Hco; OH- [OH ,C1”
1 9
25 7.80| ca®t |26.52 L/ /661 0.70]0.22 | 0.78! 6.43
L, a0 5.37
, L, 3.91
o2t (2244 MLy | 10.5100.23 {0.45(2.23 |40.04] 8.32
L, 6.1% 11.00
Wi 0. 54 0.22
M, 0.23
cu® | 0,287 w0116 1.243.05 | 0.69| 2.85
i, 0.01 S4.83
] = i
| i 0.02
i ML& -
2 88 a4l ca?t l1a.60 ML | 29077 0.58(0.04 | 0.60] 7.55
ML, (118,46 5.22
ML 9.08
2+ 3
P |22.51| m | 12.66 0.44|0.47 |36.58|11.28
ML, 0.49 12.61
ML 1.48 0.10
ML 1.02
2+ 4
Cu 13| M 0.16 1.04] - | 0.55| 3.43
ML, 0.01 94 .65
ML, 0.01 0.01
ML 0.01
4




Table 3;16 (continued)
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Sampling S % |pu Hetal |%ZFree [Complex Ligands (L)
station @) |don |Gm) | c1” SCZ- co;" Hco,| o~ | oB”,cl
38 {10.75 17.80[ca®" B2.s1 Ly ) ) ,140.35/0.23 | 1.37/0.27] 0.99 | 5.98
ML 9, 06 6.70
= Mz =
o =1, 18 >
T 689, §.6740.19 | .70]2.2540.51] 6.15
7/ My | 338 10.92
M0 o] 0.23 0.02
¥ HETA | 0.06
24 )
ca™ | oAd [ ] 0,12 - | 0.0t - | 1.93] 2.13
i ) 94.91
ML, -z 0.01
2= s =)
| 2 ot
3 88 [13.05(7.83 ca®" [31.20 ML, [11.65{0.24[ 0.66[0. 66| 0.28] 6.03
e, 10,23 0.91
ML, 2168 6.03
P2t [26.91 ML, | 9.430.21] 0.36(2.42(33.34{ 6.53
M, 4.02 10.35
ML, 9.30 0.02
ML 0.09
2+ 4
Cu 0.20 | L 0.14] - | 1.04] - | 0.72] 2.40
ML, 0.01 95,47
.rV —
ML, 0.01
ML, -




Table 3.16 (continued)
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i,Metal

i

Sampling %#Free |Complex Ligands (L)
station | 5 % [P | p) | son (ML) | el soz' cog" HCO; O |OH ,C1|
2+
4§ | 9.9217.64/Cd 32,71 ML, 144.03{5.36| 3.81]0.30 | 0.74 | 4.07
ML,/ 18, 04 3.12
—= M F1.86
pb2" ILATP AL, ¢ [13425(0.35| 2.33|3.06 [35.87 | 4.98
57/ "N 6.04
m3 ¥ 0:24 0.02
. ¥/ HLQV \ 0.05
Cu 0,36|7 MLy 11 0.26] - |10.40{C.01| 1.01| 2.79
‘e p0.01 85.15
' ESD)
L\ o
4 ss [11.097.53|ca®* g;.% m'q_”as.o(sl 0.06 | 2.93]/0.27 | 0.53] 3.14
L) 9.58 | 1.74
ML 2415
. 5
Pb"" 38.97] ML, |12.75/0.28 | 2.09{2.93 [29.56 | 4.35
L, 4.83 3.84
ML, 0.32
ML 0.08
2+ 4
Cu 0.65 ML 0.44f -~ [13.75{0.01] 1.23] 3.62
ML, 0.02 80.26
|
| MLS - |
ML, | - |
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