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Abstract The environmental fate of cyanide in gold processing tailing dams has raised con-
cerns over the last two decades especially the presence of residual cyanide and metals which
may lead to chronic groundwater contamination. Results from the TSFs at Gold Fields Ghana
Limited (GFGL) Tarkwa Mine TSFs show that WAD and total cyanides for the two dams increased
significantly with increase in depth of decant which is inversely proportional to pH of decant
pond. Significantly, metal concentrations (Na, Fe, Cu and Mn) increased proportionally with
depth in the decant pond and consistent metals identified in ore geochemistry and under-

drainage sump.
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Introduction

Cyanide concentrations in the decant ponds
vary with depth, season and temperature
varies with respect to depth of burial and dis-
tance from the discharge point. Total
cyanide is independent of depth although
constraints like time lag may affect it, but
that cannot be said about Weak Acid Disso-
ciable (WAD) and free cyanide. The possibil-
ity that cyanide salt and complexes occur at
depth is high and under anaerobic condi-
tions in non-sterilized soil mediums it is
converted to nitrates with the potential to
migrate into the groundwater system. Free
cyanide concentrations decay with increased
depth of burial and this makes migration
into the groundwater system difficult. Met-
als and other trace element concentrations
may vary with depth due to association with
cyanide. This study is to assess the decay and
concentration of cyanide and metals at
depth variations in the two tailings dams at
GFGL and the associated impact on the im-
mediate environment.

Study Area

The study area is the operating tailings dams
of GFGL. It is located in the Western Region of
Ghana at latitude 5°15'N and longitude 2°00"W.
Tarkwaian formation in the concession is
mined as ore and geological tests on the ore
proves that there is no potential for acid gen-
eration due to high level of neutralizing min-
erals present in the rocks (Arthur et al. 2004).
Gold is extracted from crushed ore using the
cyanidation technique via a Carbon in Leach
(CIL) plant and a heap leach facility. This gen-
erates on the average 900,000 m? of tailings
every month and is deposited in two clay lined
TSF’s (TSF 1 and TSF 2). The TSF site is generally
underlain by Huni Sandstone with the south
western boundary of the site by a ridge of
Tarkwa Phyllite. In addition more recent Qua-
ternary deposits formed by the fluvial system
in the area overlie these.

Methodology
Sampling of the two TSF was carried out in
three areas comprising the two supernatant
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ponds (decants), three underdrainage sumps
which collects seepages from the network of
underdrainage pipes, slurry from spigotting
points along the discharge pipeline. Profile
depth sampling was carried out in the decant
ponds on the TSF 1 and 2 respectively. Sam-
pling regimes started from July 2010 to July
2011. Sampling locations were selected at ran-
dom and accessed by a canoe. The depth sam-
pler was used at 1.0 m interval and the con-
tents emptied into a dark (500 mL) and
1000 mL sterilized sample bottles. A total of
eighty-nine samples were taken at thirteen lo-
cations in the TSFs.

Results and Discussion

Cyanide Decay with Depth

According to Botz et al. (1999), cyanidation of
tailings disposed in a surface impoundment
experiences a loss of cyanide due to natural
degradation, frequently reducing the cyanide
concentration to very low levels. Quantifying
cyanide losses in terms of pond geometry,
local weather conditions and feed solution
chemistry has been largely empirical though
in many cases mining operations rely on sur-
face impoundments to reduce cyanide to
below an internally regulated concentration or
an effluent limitation. Cyanide, depending on
the form and concentration tends to react
readily with many other chemical elements
and molecules to form, as a minimum, hun-
dreds of different compounds (Flynn and
Haslem 1995). Several of these compounds
break down and are generally less toxic than
the original cyanide. However, these com-
pounds are known to be toxic to aquatic or-
ganisms, and persist in the environment for
significant periods of time. In addition, there
is evidence that some forms of these com-
pounds can be accumulated in plant tissues
(Eisler 1991) and may be chronically toxic to
aquatic life; in fishes, micro vertebrates and in-
vertebrates (Heming 1989). WAD and total
cyanide levels at two monitoring locations in
the decant ponds of TSF1 and TSF 2 increased
significantly over depth of pond water (Fig. 1).

The UNEP Baia Mare report (Moran 2002) in-
dicates that elevated total cyanide concentra-
tions were detected for hundreds of kilometers
downstream, for up to four weeks after the
Baia Mare spill. The report stated total cyanide
in the Tisza River did not decompose quickly
as expected or from studies carried out to date.

WAD and total cyanides for the two sam-
pling location increased significantly with in-
crease in depth of decant which is inversely
proportional to pH of decant pond. pH of sam-
ples ranged from 9.5 to 10.0 for both sampling
locations. According to Lighthall et al. (1987),
the rate of natural degradation is a function of
cyanide type and concentration, pH, tempera-
ture, bacteria, sunlight, aeration and pond con-
ditions, such as area, depth, turbidity, turbu-
lence and retention time. At sampling location
PBM (TSF1), alkalinity increased from 9.8 t0 9.9
over a depth of 5 m of decant pond and total
cyanide increased proportionally from
0.36 mg/L to 1.11 mg/L. A similar trend was
documented for WAD cyanide concentrations.
Higher decant pond depth (10 m) monitored
at location PAM (TSF2) with alkalinity increas-
ing from 9.4 at 1 m to 10.0 at 7 m and declined
to 9.9 at 10 m; returned elevated Total (from
0.1 mg/L to 0.28 mg/L) and Wad (0.01 to
0.17 mg/L) cyanides with increase in depth.
Toxicity cyanide calculated from the difference
in Total and WAD cyanide ranges from 0.04 to
0.16 mg/L and there is clear indication from
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Fig. 1 Total and WAD Cyanide Levels at Depth
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the sampling regime that cyanide concentra-
tions increase with increase in depth which
could be attributed to dissociation of cyanide
metal complexes. Many aspects of the geo-
chemical behavior and toxicity of complex
mixtures such as tailings are poorly known.
For example, mining literature frequently
states that cyanide naturally breaks down
quickly in the presence of sunlight, into rela-
tively harmless, non-toxic substances (Botz et
al. 1999).

Practically, there is a restriction on the
depth of light penetration in the tailings de-
cant pond due to high turbidity. According to
Moran (2002), studies conducted over the last
twenty years by various authors represent use-
ful discussion on the presence and toxicity of
cyanide forms on the environment. A report
sponsored by the Mining and Cyanide Manu-
facturing Industries states: “Since cyanide ox-
idizes when exposed to air or other oxidants,
it decomposes and does not persist. While it is
a deadly poison when ingested in a sufficiently
high dose, it does not give rise to chronic
health or environmental problems when pres-
ent in low concentrations” (Logsdon et al.
1999). This statement is misleading and pres-
ents a falsely benign picture.

Metals, Trace Elements, Physicals and Anions
Concentration

According to Clarke et al. (1987), cyanide
species may be considered to act chronically
on the environment in three distinct ways. The
first is to produce a direct and ongoing minor
acute poisoning, resulting in chronic symp-
toms, including anomalies in the nervous sys-
tem of many of the higher organisms. The sec-
ond is by the formation as well as the action of

its compound thiocyanate in interfering with
certain common metabolic pathways. Lastly,
because cyanide (and thiocyanate) is capable
of complexing metals contained in natural
water supplies, organisms using this water
could either be subjected to toxic doses of cer-
tain metals or deficiencies of others. The sur-
plus could arise from metals being retained in
solution in assimilable complexes (e.g. Cu),
while deficiencies in naturally occurring trace
metals could result from the retention of these
in non-assimilable complexes (e.g. Fe, Cu, Mn,
Mg). Variation of average pH with depth in the
decant ponds is insignificant and pond ranges
from 10.0 at 1 m to 9.9 at depth of 8 m as
shown in Table 1. Average conductivity values
increased with depth implying elevated Total
Dissolved Solids (TDS) as a result of metal-
complex dissociation which releases metals
into solution corresponding to WAD and total
cyanide speciation levels at depth.

In analyzing the concentration of metals
and trace elements in the decant pond of the
tailings dams, reference was made to chemical
and mineralogical characterization carried out
on the tailings and whole ore samples (Anon
2011). Averaged multi-element analysis of de-
cant pond at various depths shows variations
with concentrations in the supernatant pond
and tailings slurry at the spigoting points and
significant metal/trace metals are Ca, Mg, Fe,
Cu, Na, Mn and K (Table 2). Significant ele-
ments identified conform to both ore and tail-
ings chemistry and geochemistry respectively.

Averaged Na, Mn, Ca, Fe, Cu and Mg con-
centrations increased significantly with in-
crease in depth whiles K decreased (Figs. 2 and
3). Comparing the concentration of these ele-
ments in the decant pond to levels in the su-

Depth  pH EC TDS  NH; SO, PO, Cl NO;  NO.
(m) (nScm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mgL)
1 100 1112 744 014 3340 062 2622 17144 12822
2 100 1112 743 011 338 071 2578 16928 131.07
3 101 1154 776 013 3660 056 2674 167.22 134.94
4 100 1153 776 007 3480 058 2632 17622 129.49 .
5 101 1154 779 006 3480 067 275 22170 11663 lable1Mean Physical and
6 101 1167 787 015 3480 062 2580 16040 133.17 ; ;
7 101 1170 788 010  37.67 066 2780 177.63 141.87 Anion Levels in Decant Pond
8 99 1169 759 016 3650 077 2200 21665 11508 of TSF1and 2
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Depth Ca Mg Fe Cu Ni Mn Pb Zn Na K Ag As
m mg/ll mg/ll mg/l mg/d mg/d mg/l mg/l mg/l mg/ll mg/ll mg/l  mg/l
1 104 040 166 067 002 048 009 003 1776 2334 001 003
2 108 040 150 070 003 041 011 003 1782 2466 002 003
3 107 039 191 08l <002 057 017 002 1804 2084 002 003
4 106 043 192 079 <002 055 027 002 1809 1900 001 003
5 103 041 216 084 <002 072 010 002 183 2075 001 003
6 100 043 215 083 <002 073 015 002 1843 2068 001 003  Tlable2 Mean Metal and
7 113 053 237 083 <002 086 016 002 1842 2073 002 003 :
8 133 068 250 101 <002 120 017 006 1855 2212 ool oos [raceMetal Concentrations
SP 103 014 058 019 002 113 002 009 1690 2009 002 004 jn Decant Pond of TSF1and
TL 125 015 075 096 003 125 002 001 2108 1507 002 004
T2 114 012 090 092 003 130 002 003 2118 1961 002 003 2 Supernatant Ponds and
Note; SP = Supernatant Pond, T1 = Tailings Slurry from TSF 1, T2 = Tailings ~ Underdrainages for TSF1
Slurry from TSF 2 and TSF2
. Mineral SQ-XRD Chemical Formula WT (%)
pernatant pond (supernatant tower), which Quartz so, 379
was 22 m deep at the time of sampling and at  Albite Na(AlSi;0) 4.74
the same level as the underdrainage channels. ~ Tac Ms(Si4O10)(OH)2 2.65
Metals identified in the decant pond, under- ~ Hemaite Fe.0s 25
. . p ’ Clinochlore/Chlorite  M@Al3(SizAl)O10(0)e 134
drainage sump and tailings slurry were Naand  annite K FesAlSiz010(OH), 0.74

Mg with trace elements being Fe, Cu, Mn, As,
Ni, Zn and Cr, whiles alkali metals identified
were Ca and K. The average concentrations of
Na, Mg, Mn, Fe, Ca, Cu and K increase with
depth whiles Zn, As, Niand Cr increased at 7 m
(Figs. 2 and 3) The tailings geochemistry indi-
cated that silica was dominant as well as the
presence of Ca, Mg, Fe, Cu, Na, Mn and K. Sig-
nificant metals and trace elements identified
in the in the decant pond were consistent with
that of ore geochemistry (Table 3), tailings and
in the underdrainage system.

Conclusion and Recommendations

It has been reported in the literature that free
cyanide in nature, breaks down completely to
CO; or nitrated compounds, which is not often

188.00
186.00
184.00
182.00
180.00
178.00

\

\

—

176.00
e Average Na

174.00 Concentration
172.00 ———

1 2 3 4 5 6 7 8
Depth of Decant (m)

Average Na Concentration (mg/L)

Fig. 2 Na Concentrations with Depth

Table 3 Ore Geochemistry at GFGL

the case as demonstrated in this study. Com-
pounds of metals do form and resist decom-
position in natural environments for long pe-
riods of time. Cyanide compounds assumed to
be “destroyed” or “not-present” are in fact
present and continually emit harmfuL/toxic
components.

Both WAD and total cyanide concentra-
tions increase significantly with increase in
depth in the decant pond and consistent in
both TSF 1 and 2. Total cyanide ranged from
0.1 mg/L to 1.11 mg/L whiles WAD cyanide con-
centrations ranged from o0.01 mg/L to

0.93 mg/L.
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pHin the decant pond, tailings slurry and
underdrainage supernatant tower remains al-
kaline with values ranging from 9.4 to 10.6.
Comparing this to the natural pH of ground-
water (4.5 to 5.6) in the study area, an unsatu-
rated interface is created which could lead to
water movement from the facility into
aquifers.

Ore and tailings geochemistry indicates
that silica is dominant and the presence of Ca,
Mg, Fe, Cu, Na, Mn and K in the tailings dam.
Significant metals and trace elements from
laboratory analysis is consistent in the four
components of the study; ore, tailings slurry,
decant pond and in the underdrainage system.
Average metal concentrations increased in
depth of decant pond. Significant increased in
average concentrations of Ni, Zn, Cr and As
were recorded at depths exceeding 7 m in the
decant pond was recorded whiles Ag concen-
trations decreased over the same depth of de-
cant pond. It can be concluded from the study
that Ag complexes at depth due to reduced
concentration at high depths of the decant
pond
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