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ABSTRACT

f :The effect of various concentrations of fulvic acid and Ca(OH)2 on the che—
mical speciation of soluble metals in five Quebec Lakes was examined by the
computer program "Geochem'". The computation showed that after the additiog
of the fulvic'acid Ca, Mg, Na, K, Fe and Al were involved- principally with
‘of the system in the water. No changes were observed in the chemical speci=
ation of Ca, Mg, K, Na, Fe and Al after the addition of Ca(OH)Z. However,
up to 917 of Cu and 15% of Ni were complexed by OH.



~ INTRODUCTION

The Noranda copper smelter was established in 1926 at the town of Rouyn-
Noranda in Quebec. Its two stacks discharge annualy nearly six hundred thou-
sand tonnes of 802, which is equivalent to about 70% of the province’s total
SO2 production. This quantity is second only to the Inco smelter in Sudbury,
Ontario for SO2 emission in Canada (1). Heavy metals present in the sulfide
ores are released upon smelting into the atmosphere along with 802
.;:Ihe impact of the smelting operation on the aquatic enviromment at the

Rouyn=Noranda area was investigated in 1982/83. Bottom sediment and water

' samples were collected to determine a number of physical and chemical para-

méeters and the distributionof metals in several lakes in the watershed. Se-

- diment. analyses clearly showed accumulation of Pb, Zn, Cu, Ni and Cr since

the beginning of the smelting operation in 1926 2).

In this study a computer program was used to investigate the dis-tribu-
tion of chemical species of the metals in the water from five lakes in the
Rouyn—Noranda watershed. The computer program was further used to estimate

the effect of various concentration levels of organic acids and lime on the

'chemical speciation of the metals in the water.

MATERIALS AND METHODS

The study area is shown in Fig. 1. The water was collected for trace
element analyses (Cu, Ni, Mn, Al and Fe) in one’litef polyethylene bottles
prewashed with 10% HNO3 and distilled water, and was acidified with 2ml
of conc. HN03. For major ion analyses (Ca, Mg, Na, K, SO4, Cl, SiO ) and '

. alkalinity, water samples were collected in 100 ml polyethylene bottles
prewashed with 10% HNO3 and distilled water. Major ions and trace elements L
- Were determined by the method described by Inland Waters Directorate Water:
~ Quality Branch, Ottawa (3). The pH of the surface water was measured during
: the sampling by a Metrohm combination glass electrode. .
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The computer program "Geochem" , developed for the calculation of the
chemical equilibria in soil solutions and other natural water systems (4),

was used to predict the distribution of chemical species in the lake water.

. The- prngam is based on chemical thermodynamics and the equilibria that

can be calculated include complexation, precipltation oxidation-reduction,

‘ cation exchange and metal adsorption. The details of the computations and

application of the program were discussed recently (5,6).
The distribution of the metals among several possible organic and inorga-
nic species in the lake water was calculated with the assumption that no so-

lid phases were involved. The data bank of the "Geochem" program consists of

_thermodynamic data at 25°C and 1 atmosphere. Therefore the equilibrium

calculations were performed at these fixed conditions. However, the tempera-
ture of the,surface lake water during the sampling ranged from 21° to 23%.
This small difference in the temperature does not affect the results sig-

nificantly.

RESULTS AND DISCUSSION

The concentration of the major ions and trace elements and pH used as

an input into the computer program are listed in Table 1. Calculated che-

mical species in the water are shown in Table 2. The results indicated that

all metals except Fe and Al were mainly as free metals in the surface water
in all five lakes studied. However, small quantities of Ca, Mg, Mn, Cu and
Ni were complexed with SOA’ in particular in lakes Tremoy and Dufault.
These two lakes are close to the smelter and had highest concentiation of
SO4. The Fe and Al in the water were completely complexed with OH and a »
small portion of Cu (2.3 to 5.9%) was also complexed with OH in all lakes. _
There is no difference in the principle in the "Geochem" program |
between the Calchlation of the chemical equilibria for inorganic systeﬁs

and systems that contain organic ligands. The difficulty is the identifica-.

" tion and characterization of the organic compounds present in the syateﬁ‘
vand the availability of the proper thermodynamic data. From the number of
. organic ‘ligands with available thermodynamic data listed in the "Geochen"

Lake Tremoy is sometimes called Osisko; in this report we use the name
Tremoy which appears on most of the maps of the area




. program we selected fulvic acid to estimate thé effect of soluble organic
7 "compounds on the chemical speciation of the metals in the five lakes.
Fulvic_acid was chosen because it is soluble under a Wide range of PH
conditions and abundant in natural waters} Further, the thermodynamic data -
for the fulvic acid in "Geochem program were derived from a mlxture of
of model organic acids with measured stability constants for trace metal
complexes: These values were assumed to be a good approx1mat10n of the
unknown'stability constants for the assembly of soil 501ution,organics.
The limitﬁtions of this proVisional approach used inithe progfam were not
considered to be as serious as compietely'néglecting the organic speciation
of trace metals in nétural waters k7). In addition, we considered the
fulviec acid proper for the slightly acid water (pH 6.4 to 6.9) of the five
‘Quebec Lakes with the allochtonous organic matter derived from the watershed
soils. T '
Since no:data were available for the concentration-of dissolved organic
mattér'fngthe studied lakes we used 10-4, 10__5 and 10-6 molar concentrati=
ons of fulvic acid in the calculation. This concentration range was selected
‘ : in accordance with reported concentrations fulvic acid in lake and
river water (8). The concentration of all ojier parameters Werc the same
as those in Table 2.
No changes were observed in the chemical speciation of K, Na, Al and
Fe after the addition of fulvic acid in all three concentrations. Thc ‘
addition of 10_6M fulvic acid produced complexes with up to‘1.3Z~Mh,
0.9% Cu and 6.1% Ni (Table 3). The concentration of 10_5 and 1064M of
fulvic acid further increased the complexation of Mn, Cu and Ni (up to
58.5%, 50.4% and 47% of the total metal, respectively). Major ions Ca and
-Mg were complexed up to 18.3% and 6.6% of their total concentration, re-
spectively. Up to 607 of the added fulvic acid was complexed by Ca (Table 4)
due to relatively higher concentration of this element in the lake water.
' Generally, the computation showed that by the increase of the conc¢en-—
- tration of the dissolved organic matter Ca, Mg, Na, K, Fe and Al will be
associated principally with the inorganic part of the system, while Cu,

Mn and Ni will be associated with the organic part, in the water of the

__ \ \
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five lakes studied.

The effect of Ca(OH)z_added in three different cqncentrations on the-
chemical species of.the metals in the lake water is shown in Table 5. The‘
chemical-speciation of Ca' Mg, Ky Na, Fe and Al did not change by increa-
-7 to ‘10 5M. The complexing of |
5M Ca(OH)2 was due to. OH which
is one of the domiinant inorganic ligands for Cu ions., A smell portion of

the total Mn and up to 17% of the total Ni were complexed by OH.

sing the concentration of Ca(OH)2 from 10
91% of the total Cu by the addition of 10

Binding of the metals, in particular Cu, by organic and inorganic

~ ligands significantly affects their biological and gebchemical.reactivity

in the lake water and the toxicity to the lake biota. The following con-
clusions can be derived from the computation of the distribution of the
chemical species in the water of the five Quebec Lakes: soluble Ca, Mg, K, .
Na, Mn, Cu and Ni are present mainly as free metals. Soluble organic

matter, in this study represented by fulvic aeid, affeets the chemical sﬁe-'
cies of Mn, Cu and Ni to a larger extent than those of Ce and Mg. Howeyer,
the degree of complexing of the metals by the fulvic acid depends on their
conceritrations. The additibn of the lime (in this report'represented'by
soluble Ca(OH)z) produces complexing of more than 90% of Cu by OH ions.

However, the majority of Mn and Ni remains as free ﬁeta1S’in the lake water..

of the metal speciation products (9). The results suggested that the free
Cu ion and/or the neutral and cationic¢ hydroxo complexes of the Cu are

responsible for 60 to 70% of the toxicity of Cu to aquatic life. In addi-
tion, anionic hydroxo-Cu complexes contribute 15 to 18% to the total toxi-

rcity. Changes in the chemical species of the metals in the lake water
»_should be considered together with the present knowledge of the toxicity

of each species when planning any restoration of the lakes, in particular

by addltion of lime. Recently developed multicomponent models (6) are su1—

 table for the prediction of trace element behaviour and for the design of

experiments in the field of toxicology in an aquatic ecosystem.
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TABLE 1.

~ Concenttation of metals and ligands used -in the computation
’ (=log molar concentration)

Lake

Tremoy Dufault Macamic Preissac Opasatica

Ca = 3.15 © 3.24 3.58 3.81 3.63
Mg 352 3.75 3.89 416 3.82
K 4.23 4.59 4.48 4.71 4.55
Na ©3.20 3.68 4,08 4.16 3,93
Fe¥? 5.40 5.67 4.57 5.03 5.46
w2t 5.74 5.93  6.4h - 6.4 6.44
cu®” 6.57  6.55 710 7.10 7.10
Ni 7.7 7.77 7.77 7.77 7.77
Aiv  VZ'  6.25 6.02 4.39 4.93 5.28
cod” 5.8 5.5 5.2 5.4 5.2
s0z™ 507 3.23  4.02 4,06 3.88,
ci” - 3.28 4.15 4.32 447 N "_4@17.

PH . 6.9 6.5 6.4 6.7 6.6




. TABLE 2. '

Distribution of chemical species of soluble metals in lake water (percent of total metal)

Lakes: Tremoy ‘ Dufault Macamic ~ Preissac Opassaticé
€a -as a'free metal 92.1 . 93.8 98.7 ' 98.8 98.3
bound;with.so4 | 7.8 6.1 1.3 1.2 1.7
bound with C1 0.1 w0 * * *
‘Mg as a free metal 93.6 95.0 199.0 99.0 98.6
‘bound with S0, 6.3 4,9 1.0 1.0 1.4
bound with Cl 0.1 * * | * &
K as a free metal 99.5 99.7 99.9 99,9 99.9
bound with SO, 0.4 0.3 * * *
Fe bound wit OH , 100.0 100.0 . 99,9 100.0 99.9
Mn as a free metal .92.1 93.8 98.8 98.7 98.2
bound with 804 7.8 : 6.1 1.3 1.2 1.7
Cu as a free metal 83.5 87.6 91.1 .  89.5 88.2
bound with CO, 1.7 2.6 5.2 4.5 6.2
bound wth SO, 8.9 7.2 ' 1.5 1.4 1.9
bound with OH 5.9 2.6 2.3 4.6 3.6
Ni as a free metal 92.0 93.7 98.3 98.4  97.8
bound with CO,. 0.1 0.2 0.4 0.3 0.5
bound with 80, 7.8 6.1 1.3 1.2 1.7

Al bound with OH : 100.:0: - 100.0 100.0 100.0 100.0

'* .
less than 0.1%

- note: "bound with' means in complexed form and does not include solids (same in Tables 3 to 5)
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Fe

Cu

Ni
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Distribution of chemical species of soluble metals in lake water after the addition of fulvic acid

Lakes
* Fulvic a%' 4

as; a free metal “84.3:
7.3

‘bound: with S0,
‘bound: with CI 0.1

bound with Ful:a.-8.2

as a free metal 90.8
bound with_SO4 6.3
bound with Cl 0.1
bound with Ful.a. 2.8

ds a free metal 99.5
bound wiith SOA 0.5

a8 a free metal 99.2

bound with SO4 0.7

‘bound with.OH. 100

‘as a free metal 58.8

bound with 804 5.1
bound with Ful.a.36.0

a8 a free metal 59.3
bound with CO3 1.2
boqnd with 304 6.5
bound with Ful,a.28.8
bound-withFOH 4.2

.a8 a free metal 67.8

bound*,w;ithISO4 5.9

‘bound’ with Ful.a,26.2
‘bound: with.CO *

3

bound with oH 100

Trenoy
5: 6
91.3 92.0
7.7 7.8
0.1 0.1
0.8
93.3 93.6
6.3 6.3
0.1 0.1
0.3 *
99.5 99.5
0.4 0.4
99.3 99.3
0.7 0.7
100 100
87.5 91.7
7.4 7.8
5.0 0.5
80.4 83.1
1.6 1.7
8.6 8.9
3.7 0.4
5.7 5.9
89.0 91.7
7.5 7.8
3.2 0.3
0.1 0.1
100

100.

84.5

5.7
*

9.8

91.7

&9

*

3.3
99.7

0.3

99.5
0.5

100
55.7
3.7
40.5

58.0
1.7
4.9

33.6
1.7

65.4
bk
30.3
0.1

100

TABLE 3.

(distribution as percentof total metal)

Dufault
5 6
92.9 93.8
6.1 6.1
* *
1.0 0.1
94,7  95.0
4.9 4.9
* *
0.3 %
99.7 99.7
0.3 0.3
99.5 99,5
0.5 0.5
100 100
88.2 93.2
5.8 6.1
6.0 0.6
83.6 87.1
2.5 2.6
6.9 7.5
4.5 0.5
2.5 2.6
90.0 93.3
5.9 0.2
3.9 6.1
0.2 0.3
100 - 100

1 : '
-log molar concentration fulvic acid

£
lesg than 0.1 ¥

83,9

1.1

14.9

93.7
1.0

5.3

99.9
0.3

99.5

99.9

46.8
0.6
52.5

50.2
2.8
0.8

44.8
1.3

58.0
0.8
41.0
0.2

100

Macamic .

5 6
97.1 98.6
1.2 1.3
* *

1.6 0.2
98.5 98.9
1.0 1.0
* *
»0.5‘ *
99.9 99.9
* ok
99.9 99,9
* *
99.9 99.9
89.5 97.7
1.1 1.3
9.3 1.0
84.7 90.4
4.8 5.1
1.4 1.5
7.0 0.7
2.1 2.3
92.4 97.7

1.2 1.3
6.1 0.6
0.3 0.4

100

100

~ 80.7

1.0

18.3

92.4
0.9

6.6

99.9

99.9

100

40.9
0.5
58.5

44.3
2.2
0.7

©50.4

2.3

52.1
0.7
47.0
0.2

100

‘Preissac
5 6
96.7  98.5
1.2 L2
*  x
2.0 0.2
98.4 98.9
1.0 1.0
*, *
0.7
99.9 99,9
* *
99.9 99.9
* *
100 100
87.3  97.5
1.1 1.2
11.6 1.3
81.8 88.7
4.1 4.4
1.3 1.4
8.6 0.9
4.2 4.6
90.9 97.6
1.1 0.8
7.6 1.2
0.3 0.3
100

100

4
83.3
1.5
A:*
15.1
93.3
1.3°
*
5.4

99.9
*

99.9

99.9

46.2
0.8
53.0

48.9
3.5
1.1

44,5

2.0

57.3
1.0
41.4
0.3

-‘Opasatica
5 6
96.7 . 98.1
1.7 1.7
' * -
1.6 0.2
98.1 98.6
1.4 L4
* *x
0.5
99.9 99.9
* *
99.9 99.9
* *
99.9 99.9
88.9 97.2
1.5 1.7
9.5 1.0
82.1 87.6-
5.8 6.2
1.8 1.9
6.9 0.7
4 36
91.8 97.2
1.6 1.7
6.2 0.6
0.4 0.5
100 100

100




TABLE 4.

Distribution of fulvic acid complexeSIin.lake‘watgr (. in percent of tqtal!fulvic.acid)

Lake Tremoy rDufaulf ‘ Macamic Preiésad Opasatica

Fulv.al 4 5 6 4 S5 6 4 5. 6 4 5 6 4 5 6

Free ligand : 32.9 31.7 31.5 37.3 35.7 35.5 53.7 50.9 50.6 66.9 63.5 63.1 56.1 53.4 53.1

~ Bound with Ca - 57,9 59.1 59.2 56.1 57.7 57.9 39.3 42.1 42.4 28.3 31.5 31.9 35.5 38.3 38.6
Bound with Mg 8.4 8.2 8.1 6.0 5.7 5.7 6.8 6.6 6.6 4.6 4.5 4.5 8.1 7.9 7.9

Bound with Mn o 0.7 0.9 1.0 0.5 0.7 0.7 0.2 0.3 0.4 0.2 0.4 0.5 0.2 0.3 0.4

Bound with Cuand NI = -~ less than 0.1 — —

1--log molar concentration fulvie acid

S o S - .



Ca

Na

Fe

Cu

Ni

Distribution of

Lake
ca(om);

as -a free metal
bound with SO&
bound with C1

as a free metal
bound ‘with SO
boynd with C1
bound with OH

4

as. a free metal
bound with 804
as a free metal

bound with 804

bound with OH

as a free metal
bound>w1th 003
bouné'with SQ&
bound with OH'

as a free metal
bound wi_t;ih‘co3
bound with SO

. R 4
bourrd with OH

as a freg.metai
-bound with CO

3
bound<with soa

bound with OH

bound with OH

~log molar concentration of Ca(OH)2

less: than 0.{%

TABLE 5.

\’

chemical species of soluble metals in lake water after the addition of Ca(OH)

(distribution as percent of total metal)

Dufault

Tremoy ) ‘Macamic: ',freissac' Opasatica
5 6 7 57 6 7 5 6 7 5 6 7 05 -6 7
-90.8 90.9 90.9 92.9 92.9 92.9: 98.5 98.6 98.6 98.6 98.7 98.7 98.1 98.1 98.1
9.0 9.0 9.0 7.1 7.1 71 k& 1.4 1.4 1.3 L3 L3 1.8 L.8 1.8
0.1 0.1 0.1 * * & * * * * * * * *
92.5 92.6 92.6 94.1 94.3 94.3 98.7 98.8 98.9 98.8 98.9 98.9 98.3 98.5 98.5
7.3 7.3 7.3 5.7 5.7 5.7 1.1 11 L1 10 1.0 1.0 1.5 L5 1.5
10:‘1 0.1 0.1 * * * * * * * * * * * %
0.1 & ¥ 0.1 % * 0.2 * * 0.2 =* * 0.2 * *
99.5 99.5 99.5 99.6 99.6 99.6 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
0.5 0.5 0.5 0.4 0.4 0.4 *. % * * * * * L
99.2 99.2 99.2 99.4 99.4 99.4 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
0.8 0.8 0.8 0.6 0.6 0.6 0.1 0.1 0.1 * * * 0.1 0.1 0.1
- 100 >~
88.5 90.8 90.9 90.4 92.7 92.9 95.3 98.2 98.5 95.6 98.3 98.6 94.9 97.8 98.1
0.2 * * 0.4 % * 0.8 0.1 -* 0.5 * * 0.8 0.1 =*
8.8 9.0 9.0 6.9 7.1 7.1 1.4 1.4 1.4 1.3 1.3 1.3 1.8 1.8 L8
2.3 0.2 % 2.3 0.2 2.5 0.2 * 2.5 0.2 * 2.5 0.3 *
6.2 45.5 80.7 5.9 43.9 80.7 5.6 42.7 8l.7 5.6 43.9 84.2° 5.5 42.1 8i.1
1.9 2,47 1.8 3.8 5.0 3.9 8.0 10.7 8.6 5.2 7.1 5.7 7.8 10.5 8.5
0.8 5.7 10.1 0.6 4.2 7.7 0.1 0.8 1.5 * 0.7 1.4 0.1 1.0 1,9
91.1 46.4 0.1 89.7 46.9 7.7 86.3 45.9 8.3 89.0 48.3 8.7 86.5 46.3 8.4
74.8  89.6 90.7 73,3 90.9 92.5 70.8 95.0 97.8 73.8 95.9 98,1 70.4 94.6 97.3
2,7 0.5 0.1 5.8 1.0 0.3 12.2 2.3 0.7 8.3 1.5 0.5 12.1 2.3 0.7
7.4 8.9 9.0 56 6.9 7.0 1.0 1.4 1.4 1.0 1.3 1.3 1.3 1.8 1.8
150 Ll 0.1 15.4 1.2 0.1 15.9° 1.3 0.1 17.0 1.3 0.1 16.2 1.3 0.1
- .100 H et i e e —_— 1
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