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ABSTRACT: Mn and Fe oxides are one of the most soil and
sediment components affecting various chemical redox reactions
under anaerobic conditions. The effect of MnO, on the behaviour
of some heavy metals was studied in sediment samples taken from
El-Salam Canal. It is shown that all sediment suspensions reach
reducing conditions after a few days of submergence. Addition of
MnO, importantly enhanced the removal of As, Cu, Ni and Pb
from the overlaying water particularly at the first period of
waterlogging. This effect indicates the possible role of some native
sediment components such as MnO, on the removal of some heavy
metals through some redox chemical reactions which can convert
such metals to insoluble or immobile forms which reduce their
environmental hazard effect.

INTRODUCTION sources for the water of the canal
El-Salam Canal is one of the 1n addition to Nile water (2.11
national ~ promising  projects Pillion m*) (DRI, 1993).

involves the reuse of drainage
waters. Bahr Hadous drain (1.905
billion m3) and El-Serw drain
(0.435 billion m3) are the main

The canal extends through
deposits of varying modes of
formation including fluviatile,
marine, lacustrine and aeolion
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(Said, 1990). Its total length is
about 242 km divided into two
parts viz, 87 and 155 km in
western and eastern banks of

Suez Canal, respectively.

About 400.000 feddans in

North Sinai will be reclamined :

using El-Salam Canal water,
(JICA, 1996). Heavy metal
content in the water could be a
limiting factor for the reuse of
drainage water for agriculture. In
this respect, Shawky et al,
(1994) found that the water of
Bahr Hadous drain contains high
levels of Cu, Pb, Cd and Co.
However, Farag - and - Mehana

(2000) found that the

concentration of heavy metals -

{Fe, Mn, Zn, Cu, Pb, Cd, Co, Ni)
in El-Salam Canal water are
much lower than their maximum
permissible limits for irrigation
water. The role of transition
metal oxide/ hydroxide minerals
such as Mn oxide, in rodex
reactions in soils and aqueous
sediments is pronounced (Stumm
and Morgan, 1970 ; Oscarson et
al., 1981). Mn oxide, occurs as
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suspended particles, in surface
water and as coatings on soil and
sediments. Mn (III/IV) can play
an important role in soils and

sediments via oxidation of
inorganic cations. Both
advantageous and deleterious

effects to environmental quality
can be involved. The positive
side,
arsenite (As III) to arsenate (As
V) by Mn (IIIV) oxides
(Oscarson et al., 1980). The
negative side is oxidation ‘of
chromic (Cr HI) to chromyl (Cr
VI) which is very mobile in soils
and sediments (Amacher and
Baker, 1982). As (V) can be
reduced to As (III) by bacteria
and phytoplankton (Andreae and
Klumpp, 1979).. Johnson and
Pilson (1975) concluded that As
(I} could be oxided to As (V)
under sea water conditions. Mn
(IIVIV) oxides play an important
role in the abiotic oxidation of As
(HI) 1o As (V) (Oscarson et al.,

involves oxidation of

effect because As (III) is very
toxic pollutant and more soluble .-
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and mobile (Deuel and Swoboda,
1972) than As (V). When As (III)
added to MnQO,, it can be
oxidized to As (V) (Oscarson et
al., 1981) or sorbed on the oxide
surface. The oxidation of As (III)
by MnO, can be shown by
Oscarson et al., (1983) as

follows :

HAsQ, + MnO, = (MnO,). HAsO,
(MnQ,) . HAsO, + H,0 = H3;AsO4
H;AsO, = H,AsO, + HY
H,AsO,” = HAsO,Z + HY
(MnO,).HAsO,+2H*= H;As0,+ Mn?*

Each mole of As (IIT) oxidized
releases about 1.5 moles H* into
the system. pH will be lowered
but around ~ 7.0. Each mole of
As (IIT) oxidized to As (V)
results in a mole of Mn (IV) to be
reduced to Mn (II) which can be
partially dissolved in solution
{Oscarson et al., 1981).

On the other hand, manganese
oxide, and hydroxide, may also
catalyze the oxidation of other
heavy metals such as CuZ*, Ni2*,
and Pb* by disproportionation to
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Mn?* and MnO, (Hem, 1978).
The disproportionation results in
vacancies in the Mn oxide
structure. Since the Mn?* and
Mn?* in the oxides, have similar
physical size, as Cu?*, NiZ* and
Pb?*, these metals can occupy
the vacancies in the Mn oxide
and became part of the structure,
with disproportianation or with
other redox processes involving
Mn oxide, the solubility of the
metals can be affected.

The aim of the current study is
to investigate the effect of Mn
oxide on the behavior of As (II),
Cu (II), Ni (I) and Pb (II) in the
sediments of Ei-Salam Canal.

MATERIALS AND
METHODS

Five sediment samples and
five water samples were collected
from Bahr Hadous
intersection point with El-Salam
Canal. The sampling was
repeated five Km far along. The
sediment samples were air dried

Drain

and crushed to pass a 2 mm sieve
before use. The samples were
analysed for total form of Fe,
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Mn, Cu, Pb, Ni and As after
digesie in acid  mixtures
(Chapman and Pratt, 1961). pH
of the samples was determined
“using a standard method. Some
physical and chemical properties
of the sediment samples are
‘presented in Table 1. Some
‘chemical characteristics of the
water samples are shown in Table
2.

All experiments were carried
out on soil .suspensions made up
by putting 50 g of sediment and
140 ml of deionized water in 250
ml conical flasks. All flasks were
received 10 ml solutions in order
to add 5 pgl™! from As3+, Cu?*,
NiZ*, Pb?* using NaAsO,,
CuSO,. SH,0, NiSQ,. 6H,0 and
Pb (CH; COO),. As such
sediment to water suspensions of
1/3 was obtained.

The cxpcﬁment carried out in
ten flasks, haif of them treated
with 0.2% freshly prepared
MnO, (bimessite} (Mckenzie,
1971) while the rest were left
without treating. Each treatment
was repeated 3 times. Al flasks

were
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‘were flushed with nitrogen gas

and coniinuously stirred for half

an hour at the begining of the
_expcrimerit. After that, all flasks

incubated under closed
system conditions at 20°C +
1.0°C. There were a set of flasks

for every period of determination.

After 0, 2, 4, 6, 8, 10, 12 and
14 days, redox potential (Eh) and
pH were measured using
platinum and glass electrodes,
respectively while a calomel
electrode was used as a reference.
Suspensions were centrifugated
and filtered and the filtrates were
analysed for Fe, Mn, As, Cu, Ni
and..Pb according to standard

methods.
RESULTS AND DISCUSSION
Redox potential evolution

The rodex potential (Eh) is one
of the most important sediment
physico-chemical parameters

expressing its reducing power.

The evolution of the rodex
potential measured at intervals
following submergance is given



Table (1) : Some physical and chemical properties of the sediments used

rN Festure CaCo, g’f;::c T‘Kf’ CEC pH | Fey0, T;t:l 7;’;:‘ Total heavy metals(mg kg")\
N ke | (ghgt | ™ E" T e | % | | as | cu | M| o
1 | Clay | 296 19 14 3.2 178 | 146 6.62 1095 | 290]321 182|282
2 | Cay | 301 13 11 357 176 | 139 6.58 1036 26271306 | 181 | 283
3 Clay | 278 13 1.0 354 179 | 131 6.67 1012 § 2331292 {176 27.7
4 | Caay | 310 1.0 1.2 M9 172 | 128 6.66 1003 2211297 | 178 | 278
5 | Clay § 2i9 18 1.3 338 111 119 | . 641 1006 | 2061299 | 17.7 | 263
J

2007 (9)°0N 6T " 10A “s2Y "2uBy [ Szvdvz
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Table (2): EC (dsm'l), pH and concentrations of total heavy

metals (pgl-l) in water samples at different
studied locations along El-Salam Canal.

(zg " Heavy metals concentration ug |1 )
s | ECdsm! | PH :
mﬁ Fe Mn As Cu Ni Pb
1 1.22 783 1 1832 | 1652 | 76 197 | 337 | 224
2 1.20 779 1 1522 | 1521 | 62 151 | 276 | 23.12
3 1.26 7951 1493 | 1503 | 58 13.1 | 282 {1760
4 1.18 786 | 1309 | 1321 | 41 114 | 25.1 | 1090
5 1.23 782 ) 1220 | 1217 ) 38 11.8 ] 196 | 860
\ y

in Table (3). Data reveal that
redox potential rapidly decreased,
reaching reducing conditions
within a few days. A rapid
decline was associated with the
non MnO, treated samples
reaching Eh values of 0.0 to
-27TmV comparing to 10 to -12
mV for sediment samples, treated
with MnO, after 2 days of
flooding. Atta and - Cleemput
(1981) found that a rapid decline
in redox potential is characteristic
of soils with a low content of

reducible iron and manganese
and a high content of easily
oxidizable organic matter. It is
note worthy that although the
relatively high content of the
pative manganese in the five
sediment samples (Table 1), but
it could be mostly subjected to
conversion to well crystatline
form via aging processes, hence
its  reduction
conditions could be lower than
the freshly precipitated form. The
former is characterized by its

under such



Table (3): Evolution of sediment suspension Eh (mV) as affected by MnO2 addition

during the term of incubation

rSnet:h'l'l'umt MnO. % Time, days )
No. 2 0 1 2 4 6 8 10 12 14
1 0.0 300 90 0.0 7 423 | -153 | 205 20 | 230
02 315 100 100 -| -63 100 | -142 | 82 193 | o197
2 0.0 305 82 21 -83 27 | 162 | 209 230 | -234
02 310 93 12 61 105 | 143 | 178 196 | -199
3 0.0 302 90 27 92 121 Q67 | 212 235 | 239
02 315 83 8 71 -103 248 | 187 189 | -191
4 0.0 305 100 2 93 a2 | a0 | as 241 245
0.2 312 82 9 g6 | -105 | -141 -189 -i96 | -198
5 0.0 307 102 23 95 17 | o | 220 236 | 239
02 310 87 -10 1 202 | 146 | o167 202 | 206
\, »

7007 (9)°0N 6T " 10A “s3Y ou8y [ 31vdvg
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hard reducibility comparing to
the freshly prepared
(Ponnamperuma, 1972). The total
changes in Eh between the intial
and final values were 512, 509,
506, 510 and 516 mV for MnO,
treated sediment samples,
respectively. The corresponding
values for the non treated
‘sediment were 530, 539, 541, 549
and 546 mV. This indicate that

one

'MnQO, addition maintains the

redox potential of the system at
higher Eh values.

pH

Data in Table (4) show that the
pH of the sediment suspensions
changes towards the neutral side
after submergence. This effect
was found true with all sediment
samples under study. Patrick and
Mikkelsen (1971) reported that
the pH of acid soils increases
upon water logging, and the
opposite was that for alkaline
soils. This tendency indicats that
the pH of suspensions is buffered
neutrality by
substances produced as a result of

around some

reduction processes.
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and
in the

- Iron

compounds
hydroxides and carbonates and
carbonic acid are likely to
involve as buffering pH materials
conditions

manganese
form of

under such

(Ponnamperuma, 1972).
Water soluble Fe

The effect of MnO, addition
on the water soluble Fe is
presented in Table (5). It is clear
that in the case of absence of
MnQ, which posses a relatively
low Eh values (Table 3) the
considerable increase in water
soluble Fe occurred after 4 days
of incubation. This delaying
period, can be due to the well
known fact that
compounds are reduced before

manganese

iron ones. The relatively low
amounts of water soluble Fe in
all sediment samples treated with
MnO, may be due to the higher
Eh of the system. :

- MnO, addition poisoned the
redox system at a relatively high

oxidized state (Patrick and
Mikkelsen, 1971). Under such
conditions, relatively few



Table (4): Evolution of sediment suspension pH as affected by MnQO2 addition during
the term of incubation '

@t}!‘i{z&em Mn0, % Time, days

. 0 1 2 4 6 8 10 12 14

1 0.0 7.79 7.53 7.50 7.43 7.33 7.26 7.20 7.13 7.11

0.2 7.78 7.56 749 7.33 721 7.18 7.14 7.12 7.10

2 0.0 1.78 7.56 7.43 7.38 7.20 1.14 7.1l 7.10 7.10

02 1.79 7.62 7.41 7.36 7.21 7.15 7.10 7.08 7.06

3 0.0 1.79 7.71 7.43 7.30 7.26 720 7.13 7.11 7.11

3 0.2 7.19 761 7.45 7.32 7.24 7.20 7.12 7.10 7.10

| 4 0.0 173 7.63 7.41 7.30 7.21 7.17 7.15 7.11 7.10

| 02 1.74 7.60 7.42 732 7.23. 7.16 711 7.10 7.10

5 0.0 7.26 7.63 7.40 7.31 7.19 7.16 7.10 7.08 7.05

‘ X 0.2 7.25 7.65 742 7.36 7.18 7.15 7.13 7.11 7.03
| | 8

2007 (9)'ON 6T " 10A “S3Y o3y [ S1zvsSvgz
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Table (5): Water soluble Fe?* concentration (mgl‘l) in the sediment suspensions as
affected by MnO, addition during the term of incubation

r.!?edimem MnO. % Time, days
No. ? 0 1 2 4 6 8 10 12 14
1 00 0.01 0.13 0.62 0.66 070 | 075 0.32 0.22 0.12
02 0.01 0.09 0.21 0.27 0.35 042 0.20 0.13 0.10
2 0.0 0.02 0.26 0.76 0.8 0.92 0.76 0.37 026 | o014
0.2 0.02 0.08 0.26 0.32 0.33 0.40 0.25 0.12 0.12
3 0.0 0.11 0.29 0.68 0.71 0.81 0.89 0.42 029 -| 016
0.2 0.11 0.09 0.22 0.30 0.36 0.41 0.27 0.13 0.10
4 0.0 0.01 0.23 0.76 0.88 0.93 0.95 0.43 0.23 0.17
02 0.01 0.07 023 { 037 0.40 0.43 0.23 0.14 0.12
5 0.0 0.02 0.29 060 | 072 0.81 0.87 0.51 0.26 0.16
0.2 0.02 0.09 0.20 0.23 0.32 035 0.27 0.14 0.14
.
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amounts of Fe are converted to
‘water soluble Fe via reduction
and hence remain in a solid form
{Rabenhorst and James, 1992 ;
Leonard et al., 1995
Rabenhorst, 1997 and Hussein
and Rabenhorst, 1999).

Table (5) also reveal that water
soluble Fe continued to increase
in all sediment samples from 4 to
10 days then sharply declined by
the end of the incubation course.
This effect may be due to the
precipitation of water soluble Fe
by sulfide ions formed as a resuit
of reduction of 3042' under such
extremely reduced conditions as
shown in Table 3 which indicates
that all sediment samples have Eh
values between -191 and -254
mV which satisfy the reduction
of -8042' to S2° ions (Jakoben et
al., 1981).

Water soluble Mn

Data in Table 6 depict that
flooding of sediment samples
resulted in an increase in water
soluble-Mn in all studied

treatments  particularly when

1961

MnO2 added. It is
worthwhile to note that water
solubie Fe started to increase

was

- only after 4 days (Table 5), while

water soluble Mn started to
increase almost immediately after
The
among the two elements may be
due to the high positive redox
potential for Mn
reduction comparing to Fe. Saoud
et al., (1986) attributed these
effects to the differences in
solubility between Fe and Mn
compounds.

submergence. differences

required

The final lowest concentration
values of water soluble Mn may
be due to its precipitation as Mn
sulfide (Ponnamperuma, 1972).

Water soluble As

Data in Table 7 manifest the
effect of the oxidizing power of
the M-nO2 treated sediment
samples with respect to As (II).
It is shown that MnO, addition
caused a sharp decrease in the
water soluble As (IIf) content in
all sediment samples during the
initial period of incubation. This

suggests as was found by
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Table (6): Water soluble MnZ* concentration (mgl'l) in the sediment suspensions as
affected by MnO, addition during the term of incubation

rSetj:}:;tent Mn0, % o Time, days

: 0 i 2 4 6 g 10 12 14

1 0.0 1.01 1.79 1.81 121 1.01 0.80 0.61 032 021
0.2 1.21 3.86 39 3.12 296 1.21 1.1 0.71 O..32

2 00 1.10 1.62 1.68 1.12 1.01 0.62 0.52 0.21 0.18
0.2 1.20 3.13 3.52 3.02 2.81 1.10 0.96 0.62 0.29

3 00 1.20 1.52 1.62 1.10 0.92 0.53 0.42 0.24 0.17
0.2 1.30 3.21 3.70 3.00 2.65 1.21 0.86 (.50 0.23

4 0.0 1.22 1.43 1.52 1.13 0.86 0.46 0.39 0.26 0.18
02 1.35 3.51 3.81 312 5.25 1.31 0.76 0.43, 0.25

5 - 0.0 1.20 1.36 1.42 IR 0.93 0.52 0.22 0.29 0.17
0.2 1.30 362 ) 394 3.01 2.46 S 1.03 0.71 0.46 0.28




Table (7); Water soluble As>* concentration (mgl'l) in the sediment suspensions as

affected by MnO, addition during the term of incubation

rSed}:‘{rgent Mn0,% Time, days
: G 1 2 4 6 g 10 12 14
1 0.0 3.64 3.01 2.12 1.13 087 | 036 0.22 0.17 011
02 3.65 2.02 1.32 0.91 0.36 0.20 0.13 0.10 0.02
2 0.0 3.62 3.12 2.13 1.19 0.96 042 0.26 0.16 .| -0.1¢
02 3.62 2.11 1.34 0.82 038 0.23 0.16 0.08 0.02
3 0.0 3.60 3.31 2.16 122 091 0.51 0.29 0.18 0.11
0.2 3.61 2.02 1.37 0.65 041 0.21 0.16 0.09 001
4 0.0 3.43 3.06 2.19 123 0.98 0.59 031 0.19 0.11
02 3.42 2.11 1.42 0.56 045 0.26 0.17 0.08 0.06
5 0.0 - 342 3.11 222 ] 136 0.86 0.66 033 0.18 0.10
02 341 | 203 1.51 0.69 0.51 021 0.12 0.07 0.02
.,

7007 (9)°0N 67" 10A “s3y a3y [ 312vdng
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Oscarson et al. (1981) that Mn
(IV) oxides were very effective
abiotic oxidant with respect to As
(111). This behavior means that at
the initial period of submergence,
as MnO, is subjected to
reduction, it acts as As (lI)
oxidant, hence water soluble As
decreases. The _covérsion of As
(II) to As (IV) through the
oxidation of As (IIl) by MnO,
leveled off with elapsing time.
Luh et al, (1973) and Gohda,
(1974) stated that manganese is
the main sediment component
responsible for the oxidation of
As (III). Deuel and Swoboda,
(1972) cleared the difference in
solubility between As (III) and
As (V). As (V) has very low
solubility comparing to As (1II).

- The oxidation of As (III) to As
(V) by Mn (V) is a
thermo-dynamically ~ favorable
(Oscarson et al., 1986 : Oscarson
et al.,, 1981). It was found that
-synthetic Mn (IV) ngdc was very
effective  on lo{varing the
‘concentration of addfcd As (I to
“the sedimf‘.:nt.samplés. This was

Hassan, M.A.M.

found true under all sediment
samples.

Since the reduced state As (1I)
(arsenite) is much more toxic
{Webb, 1966 and Penrose, 1974)
and more soluble and mobile than
the state  As (V),
consequently, the obtained data is
of great importance with respect
to aquatic environmental quality.

oxidized

After 12 days of submergence,
data in Table (7) reveal that the
As (III) concentration reaches the
lowest values which may be due
to its precipitation as sulfide
under the extremely low redox
potential conditions (Table 3)'.

The MnO, treated sediment
samples had a higher Eh than the
untreated sediments (Table' 3).
The lower the redox potential of
the system, the more energy was
required to affect the transfer of
electrons from As (III) to the
sediment because the electron
activity is greater (Sparks, 1995).

Cu, Ni and Pb

Data in Tables (8, 9,10) reveal
that Mn (IV) oxide was very



Table (8): Water soluble Cu?* concentration (mgl'l) in the sediment suspensions as
affected by MnO, addition during the term of incubation

@tgggem MRO, % . Time, days )
’ 0 i 2 4 6 8 i0 12 14
1 0.0 4.64 4.01 2.10 1.81 1.61 1.24 1.02 0.76 0.21
0.2 4.65 222 1.72 1.02 1.03 0.72 0.61 0.21 0.11
2 0.0 4.82 4.10 221 1.71 1.51 136 1.12 0.65 0.11
0.2 4.81 2.36 1.65 1.02 0.92 0.61 0.73 0.21 0.l0.
3 0.0 4.92 432 2.36 1.82 1.63 1.30 1.16 093 0.19 |
0.2 4.92 213 1.51 1.23 0.82 0.7 0.52 0.36 0.12
4 0.0 4.82 413 2.11 1.96 1.52 1.21 1.11 0.82 | 021
0.2 4.81 2.10 1.46 132 073 0.6} 0.43 0.21 011
5 00 463 4.01 2.22 1.81 1.7 1.13 1.11 0.96 ”0.20 |
0.2 4.61 213 - 1.78 1.11 0.70 0.72 0.37 0.12 0.1l
_ y

2007 (9)°0N 67 " 10A “say uly [ 31zpdpz
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Table (9): Water soluble Ni2* concentration (mgl'l) in the sediment suspensions as
affected by MnO, addition during the term of incubation

rSecﬁr:em Mn 02 % Time, days Y
: 0 1 2 4 6 8 10 12 14
| 0.0 4.82 4.21 2.01 1.96 1.73 1.38 112 0.82 0.11
02 4.83 2.01 1.63 1.43 .11 0.82 0.51 0.30 0.10
2 0.0 4.85 4.32 2.11 1.81 1.65 1.22 1.02 0.76 0.09
0.2 4.84 2.10 1.53 1.36 1.22 1.03 0.41 0.21 | 0.08
3 0.0 4.83 413 2.23 .62 1.53 1.45 1.02 0.65 0.12
02 4.82 232 2.02 1.26 1.41 1.1l 0.51 031 0.09
4 0.0 4.16 422 £.96 1.71 1.46 1.36 1.06 0.71 0.13
0.2 4,75 204 1.52 1.12 1.00 0.89 0.62 0.22 0.08
5 0.0 4.75 4.36 1.82 1.82 1.23 1.21 1.07 0.63 0.11
0.2 4.74 2.1 i.33 1.12 1.03 0.83 0.73 0.21 0.11
\ -




Table (10): Water soluble Pbh2* concentration (mgl'l) in the sediment suspensions as
affected by MnQ, addition during the term of incubation

rSedﬁ:em MnO, % Time, days Y
0 1 2 4 6 8 10 12 14
1 0.0 4.70 22 1.70 1.50 121 .10 | 093 0.21 0.1
0.2 4.68 15 1.00 0.92 0.30 020 | 0.10 0.01 001
2 0.0 4.62 2.1 1.60 1.4 1.22 1.12 096 | 023 0.13
0.2 4.60 1.4 1.02 091 © 036 022 0.11 0.02 0.01
3 0.0 460 22 1.72 15 1.29 1.14 0.82 026 0.16
0.2 a6t | 13 | 1 | es | 03 | o2s | o3 | oo | oo
4 0.0 458 2.1 1.63 1.32 120 | 116 .0.87 029 0.13
| 0.2 4,58 1.3 1.10 0.82 0.30 0.27 0.12 0.01 0.01
5 0.0 453 2.2 151 133 127 118 0.81 027 0.16
02 a5z | 14 112 | 09 | 036 | 024 | onn 0.02 0.02
e J

20027 (9)°0N 67 " 19A “say "oudy [ 31zvdvZ
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effective in removing Cu, Ni and
Pb from the overlying water of
the studied sediment suspensions.

| MnQ,  treated  sediment
samples exhibited a sharp
decrease in water soluble Cu, Ni
and Pb particularly. during the
initial period of incubation,
where after, a gradual decrease

was noted in all sediment
samples by then, a sharp decline
was noted by the end of

incubation period. The first
decrease in water soluble Cu, Ni
and Pb particularly in MnO,
treated sediment samples can be
due to éataly’zing the oxidation of

these  heavy  metals by
disproportionation to Mn?* and
MnO, (Hem, 1978, Sparks,

1995). The decrease in water
soluble forms of these elements
thercafter may be due to
destruction of MnQO,
reduction reactions which can be
noted from the increase in the
concentration of water soluble
Mn (Table 6). The net result is
the libiration of heavy metals
which adsorped on the surface of
MrO,,

via

Hassan, M. A.M.

the
concentration of water soluble

The final decrease in

forms of these elements may be
due to the precipitation of these
metals as sulfides under the
extremely low redox potential
(Table 3). Stumm and Morgan
(1970) pointed out that on the
basis of solubility product
constants of sulfide compounds,
elements such as Pb, Co, Ni, Hg,
Ag, Cu and Zn remain essentially
fixed in reducing sidements of
the pore water with a sulfide
concentration of 10 mol per
litre. The solubility product of
metal sulfides are 6.3 x 10736, 3.2
x 108, 1.4 x 10715, 32 x 10719
and 3.2 x 10?7 for Cu S, Fe S,
Mn S, Ni § and Pb §,

respectively.
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