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Heavy metal accumulation in the food chain is an issue of global concern because it eventually leads to toxic effects on humans
through the water we drink, contaminated soils, crops, and animals. Reports of toxicant levels in environmental media (air, water,
and soil) and biota in Ghana were sought in SCOPUS, PubMed, MEDLINE, and EMBASE. Of 1004 bibliographic records identified,
54 studies were included in evidence synthesis. A disproportionately large number of papers (about 80%) focused exclusively on
environmental media. Papers focusing on biomonitoring and human health were relatively few. Studies reported a high degree of
spatial variability for the concentrations of 8 metals in groundwater. Generally, heavy metal concentrations in soil reported by the
studies reviewed were higher than metal concentrations in riverine sediments. Urine and hair were the most common biological
markers of heavy metal exposure used by the studies reviewed unlike nails, which were sparingly used. By and large, published
results on the levels of heavy metals in goldmine and non-mine workers yielded contradictory results. Mostly, concentrations of
heavy metals reported by the studies reviewed for nails were higher than for hair. A high degree of variability in the heavy metal
concentrations in human subjects in the studies reviewed is likely due to heterogeneity in physiological states, excretion profiles,
and body burdens of individuals. These, in turn, may be a product of genetic polymorphisms influencing detoxification efficiency.

1. Introduction

Over the past three decades, the term “heavy metals” has been
widely used in the scientific literature on ecotoxicology. It
is frequently considered as an assemblage name for metals
and semimetals (metalloids) that have been linked with
contamination and potential toxicity or ecotoxicity [1]. The
term “heavy metals” has, however, been used inconsistently in
the scientific literature. This has culminated in considerable
misperception of the significance of the term. There is also a
propensity to suppose that all the so-called “heavy metals”
have highly toxic or ecotoxic properties [1]. According to
Duftus [1], the scientifically sound designations of elements
generally considered as heavy metals are as follows: As,

Cd, Hg, Pb, and Sb (Chalcophile); Fe, Co, Cu, Ni, and Zn
(lithophile/chalcophile); and Mn and Cr (lithophile). Despite
some recognition that the term “heavy metals” is a misnomer,
we resort to its use in this paper for two fundamental
reasons. First, although the term “heavy metals” has been
queried over many years, for example, by Phipps [2], and
by Loon and Duffy [3], efforts to replace it by chemically
sound terminology have so far failed. Secondly, all the papers
systematically reviewed in this study specifically used the
term “heavy metals”

Heavy metals in water, sediments, air, and other environ-
mental media are of great environmental concern because
of their potential long-term effects on human health
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particularly in developing countries where remedial tech-
niques are nascent [4-8]. The origin of such metals in the nat-
ural environment is either geogenic or anthropogenic releases
[9, 10]. In general, the anthropogenic releases constitute a
constant source of pollution, whereas surface runoff is a
seasonal phenomenon which is influenced by climate within
the environmental system. The concentrations of heavy metal
(loid)s in soils and other environmental media can vary
widely, even in uncontaminated environments. Noticeable
dissimilarities in the geochemical composition of the rocks
which constitute the parent materials of soils and disparities
in the strength of soil-forming processes can lead to extensive
ranges of total and available concentrations of most elements
in soils, even in those unaffected by contamination [4].
Nevertheless, contamination from many sources can often
give rise to some very high concentrations of heavy metal
(loid)s [4] which can cause toxicity in soil organisms and
susceptible plants, but this depends on the factors affecting
the bioavailability of the elements [4]. Many investigations
have been conducted on anthropogenic contaminants of
ecosystems across the globe [11, 12].

In Ghana, which exemplifies a country where extensive
research on heavy metals has hitherto been carried out
because of its extensive mining industry, one of the main
anthropogenic sources of concern is gold mining, both
surface and underground. Gold mining is widespread and
according to Naylor [13], it contributes about 44% of Ghana’s
export earnings. The large-scale extraction of gold occurs pre-
dominantly in the Western and Ashanti regions for example,
Bibiani and Obuasi, and is accompanied by arsenic, mercury,
and sulphur contamination to surface and groundwater
bodies, soil and even air pollution causing acid rain and
degradation to the surrounding environment and impacts
on human health [14, 15]. With the liberalization of the
gold mining sector in the mid-1980s, gold mining-dependent
livelihoods have soared, employing extraction methods that
invariably release mercury into surrounding water sources
[5, 16, 17]. In the past, gold mining was restricted to the
south; lately however, exploration is increasing in the north,
especiallyin the Upper East Region. Iron and manganese have
also been found in elevated concentrations in water in Ghana
[9]. This has culminated in the closure of hundreds of wells
in favour of surface waters likely contaminated with harmful
microorganisms [18]. Up till now, mining related studies
in Ghana conducted on environmental samples (water, air,
soil, sediment, etc.) and biota (fish, urine, blood, nails, etc.)
include Hg [19, 20], As [14, 15], Fe and Mn [9, 21], Pb [7, 18],
and Cd and Cu [5, 16, 17].

Despite the large body of literature that has been devoted
to heavy metal pollution in Ghana, the results are mixed
and are disparate making it quite difficult to elicit a coherent
account on the scope and levels of heavy metal pollution in
the environment and in biota, especially in humans, across
Ghana. Consequently, this study aims to cumulate scientific
evidence on heavy metal pollution in the environment and
in biota in Ghana through synthesis of existing data. This
systematic review was conducted for a variety of reasons,
but it was not limited to the synthesis of evidence on the
magnitude of heavy metal contamination or to supporting
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evidence-based policy or practice. This review provides use-
ful information for designing future research on heavy metal
pollution in Ghana and other jurisdictions. In particular, it
will help to place future studies in context by describing
what we knew before and what we hoped to learn from any
future study on heavy metal pollution in Ghana and in other
contexts.

2. Materials and Methods

2.1. Search Strategy and Study Selection. The systematic
search and review processes were conducted in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) Statement criteria as proposed
by Liberati et al. [22]. We searched SCOPUS, PubMed,
MEDLINE  (http://www.ncbinlm.nih.gov/pubmed/), and
EMBASE (http://www.embase.com/home) databases using
the following search terms: “Ghana” successively combined
with “heavy metals,” “pollutant,” “toxic element,” “metalloid,”
“arsenic,” “cadmium,” “mercury;” “lead,” “cobalt” “zinc,
“manganese;” “iron,” “nickel,” and “chromium?” The search
was limited to papers published till January 2013 and yielded
1004 bibliographic records. The bibliographic records were
complemented with attempts of search for other research by
key authors and search of citations and reference lists of key
reports and related articles. After importing bibliographic
records duplicates were deleted and reports were scrutinized
using Zotero 2.03. All studies presenting quantitative data on
levels of arsenic, cadmium, lead, mercury, chromium, cobalt,
nickel, manganese, iron, tin, and zinc in environmental
media (soil, water, sediment, and air) and or biologic
specimen (hair, urine, blood, nails, and food) were included,
regardless of experimental design, or methods of collection
of samples, or chemical analysis.

» «

2.2. Data Extraction. Using a standard, purpose-designed
form, we extracted the following data from each paper: (a)
study design, date and place, sampling method and size,
inclusion and exclusion criteria, and request for informed
consent; (b) protocol for collection, storage, processing, and
analysis of biologic specimens; and (c) results, including
metal levels and related factors.

3. Results

3.1 Description of the Studies. Of 1004 bibliographic records
of relevance to the gold mining context in Ghana identified,
594 did not meet inclusion criteria at first screening, 83 full-
text articles were sought for full-text screening, and 65 were
obtained and screened. Fifty-four studies were included in
evidence synthesis. Searching, screening, and study inclusion
are summarized in the flow diagram, Figure 1.

The main characteristics of each study are described in
Tables 3, 4(a)-4(c), and 5(a)-5(e). Whereas older studies
(from mid 1970s through early 1990s) on heavy metals in
environmental media and biologic specimens in Ghana were
mainly undertaken along the Ashanti gold belt in south
western Ghana (to a large extent in Obuasi and to some
extent in Tarkwa), studies targeting environmental media in
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FIGURE 1: Schematic diagram of search strategy.

the northern parts of Ghana began to be published only in
the early 2000s and accounted for an ample fraction (20%)
of published works from 2000 and later. Of the reviewed
articles, the earliest study on heavy metals in environmental
media and biologic specimens in Ghana was undertaken by
Simeonov et al. [23]. Thereafter, there was an almost twenty-
year lull in research on heavy metals before the work of
Amonoo-Neizer and Amekor [14].

3.2. Research Design and Objectives. All the papers reviewed
were cross-sectional studies with three distinct types of objec-
tive, often combined in the same study, that is, assessment of
levels of heavy metals in the media, spatial variability of the
metals, and compliance with environmental and regulatory
standards. None of the studies monitored heavy metal con-
centrations in environmental media or biologic specimens
across time (longitudinally). Broadly, studies adopted either
an environmental monitoring or a bio-monitoring perspec-
tive. A disproportionately large number of papers (about
80%) focused exclusively on environmental media. Out of the
54 articles reviewed, twelve papers devoted attention to heavy
metals in either cooked (fish) or uncooked food (vegetables,
fruits) or other plants (lichens).

Papers focusing on biomonitoring and human health
were few and far between. In total, 10 articles focused on
heavy metals in humans. As shown in Tables 1(a) and 1(b),

six papers analysed heavy metals in human hair. Eight
manuscripts measured heavy metals in human urine and
only two articles focused on heavy metals in human blood.
Also, two measured heavy metals in human nails. Of the
studies reporting on human subjects, only one reported
on 1 biomarker of exposure (hair), whereas another study
reported on three biomarkers (hair, blood, and urine). The
rest reported on at most two biomarkers (see Tables 1(a)
and 1(b)). Regarding ethical considerations, 6 papers on
human subjects specifically mentioned informed consent as
a prerequisite for study participation and 2 papers, mostly
recent, stated the approval of an ethics committee.

3.3. Analytical Methods: Collection, Processing, and Analysis
of Biologic Specimens. Period of collection of environmental
samples and biologic specimens, which was not always
specified, varied extensively as shown in Table 3. For instance,
more than 20% of articles reviewed did not report period of
data collection (11 papers). Similarly, pretreatment of envi-
ronmental samples, which was not always specified, varied
widely. In general, the environmental and biologic samples
(water, urine, blood, etc.) were frozen and stored before
laboratory analyses. A variety of spectrometry was used to
determine levels of heavy metals. These include UV-visible
spectrophotometry (2 papers), cold vapour atomic absorp-
tion spectrophotometry (5 papers), instrumental neutron
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activation analysis (10 papers), inductively coupled plasma
mass spectrometry (ICP-MS) (4 papers), and inductively
coupled plasma-optical emission spectroscopy (ICP-OES)
(1 paper). Other techniques included flame atomic absorp-
tion spectrophotometry (12 papers), high performance lig-
uid chromatography (HPLC) (1 paper), inductively coupled
plasma atomic emission spectrometer (ICP-AES) (1 paper),
and atomic absorption spectrophotometry (6 papers). Five
studies did not report the analytical method used in the
determination of heavy metals in environmental media or
biologic samples.

Information on laboratory quality controls differed
between the earliest and the more recent papers. Before
the year 2000, none of the studies specified having internal
quality controls or external controls. In contrast, all studies
published after 2005 (7 papers) reported the use of stan-
dardized quality control procedures that generally comprised
evaluation of accuracy and precision by analysis of certified
reference material; however, no studies included additional
inter-laboratory comparisons. Only about one-third of the
studies specified the limit of detection (LOD), merely stating
the value or including the procedure used to treat values
below it.

3.4. Statistical Analyses and Reporting of Results. Most of
the studies (>90%) provided measures of central tendency,
that is, arithmetic means, usually accompanied by standard
deviations (SDs). Geometric mean was not reported in any
of the papers. Other widely used indicators of dispersion
and central tendencies were range (more than 40 studies)
and median (15 studies). Without exception, authors neither
include confidence intervals nor mention the evaluation of
outliers or the use of robust measures of central trend. Studies
assessing associations with risk factors generally provided
either Pearson’s product moment or Spearman’s correlation
coeflicients drawn from univariate analyses or differences in
means derived from stratified analyses; few papers (2 papers)
carried out multivariate analyses.

3.5. Levels of Heavy Metals in Underground Water and Water
from Boreholes. Studies reported a high degree of spatial
variability for the concentrations of 8 metals (As, Hg, Cd,
Cr, Pb, Co, Sr, and Mn) in boreholes as shown in Table 2.
The lowest concentration of As (<1ugL™") was reported by
Akabzaa et al. [24] for the Anglogold Ashanti area in Obuasi.
The highest concentration of As (12200 ugL™") was reported
by Boadu et al. [25] for the Konongo Old mining shaft. The
lowest concentration of Hg (<0.05ugL™") was reported by
Asante et al. [15] for the Tarkwa gold mining area, whereas
the highest Hg concentration of 6251 ugL™" was reported
by Essumang et al. [16] for the Wassa West District. The
lowest concentration of Cd (<0.06 ugL™") was reported by
Asante et al. [15] for the Tarkwa gold mining area and the
highest Cd concentration of 7.6 ugL™" was reported by Tay
and Momade [26] for the northern part of the Ashanti
gold belt. The lowest concentration of Cr (0.03 ugL™") was
reported by Asante et al. [15] for the Tarkwa gold mining
area, whereas the highest Cr concentration of 45 ugl.™" was

reported by Essumang et al. [16] for the Dumasi community
in the Wassa West District. Three studies [15, 24, 27], severally
reported the lowest Pb concentration of 0.01 gL . However,
Akabzaa et al. [24] reported the highest Pb concentration
(96 ugL™") within the vicinity of the Obuasi goldmine. The
lowest concentration of Co (0.02 ugL™") was reported by
Asante et al. [15] for the Tarkwa gold mining area, whereas
the highest Co concentration of 50 ugL ™' was reported by
Essumang et al. [16] for the Dumasi community in the Wassa
West District.

3.6. Levels of Heavy Metals in Riverine Sediments and Soil.
There was a high degree of variability in metal concen-
trations in riverine sediments and soil reported by the
studies reviewed (Table 4). The lowest concentration of As
in sediment was reported by Akabzaa et al. [24] for the
Anglogold Ashanti area in Obuasi and the highest As con-
centration (10,200 mgkg™') was reported by Serfor-Armah
et al. [28] for Prestea in the Western region of Ghana. The
lowest concentration of Hg (0.0 mgkg™') was reported by
Boamponsem et al. [29] for Teberebie spring 3 in the Tarkwa
gold mining area. Also, Boamponsem et al. [29] reported
the highest concentration of Hg (200 mgkg™') for bottom
sediments of the Offin River basin. The highest concentration
of Pb (115 mgkgfl) was reported by Akabzaa et al. [24]
for communities immediately downstream of the Anglogold
Ashanti mine in Obuasi.

Generally, heavy metal concentrations in soil reported by
the studies reviewed were higher than metal concentrations
in riverine sediments. Studies reviewed did not report on Mn,
Ni, or Pb concentrations in soil. The lowest As concentration
(0.7 mgkg™") in soil was reported by Hayford et al. [30],
whereas the highest As concentration (2875 mgkg™) in soil
was reported by Amasa [31]. The lowest concentration of
Hg (mgkg™") in soil was reported by Oppong et al. [32] for
the Pra River basin at Daboase, Western Ghana. The highest
concentration of Hg (2146 mgkg ') was reported by Donkor
et al. [33] for the Offin River basin.

3.7. Levels of Heavy Metals in Fruits, Vegetables, and Edi-
ble Plants. Generally, studies reviewed focused mainly on
the chemical content of certain elements in the biologic
specimen. None focused on the influence of heavy metals
on the morphological or cellular structure or metabolic-
biochemical processes in the biologic specimen. Some of
the studies categorised the food items analysed into cooked
and uncooked (e.g., [14]), whereas others did not distinguish
between the cooked and uncooked forms [24]. Only one
study [34] reported on heavy metals using lichens as biologic
specimen in the Obuasi gold mining area. Similarly, one
study [14] used star grass as biologic specimen. However,
two studies [19, 31] used ferns and two other studies [14,
19] used elephant grass as biologic specimen. Several fruits
and vegetables were used in the studies reviewed as biologic
specimen. The vegetables include pepper, beans, cocoyam,
cassava, and plantain. Fruits include oil palm, cocoa, sugar
cane, pear, orange, and banana.



International Scholarly Research Notices

— — — — 18 (187 smwﬂo ammw.‘mvv — (surex 13y 2oquardag
(Fz-1) 01 (0601-0T) 079 066 061
— — — — 181 01 I8rere 18 181 S0t —
P9 PIOD
— — — — — — — — — nueysy o jo yred uwisyiou [oz] omom
Y] UL S[[9M F7 ‘S9[0ya210q /9 PO pue f2L
31
S S S S 1-1 S S suTw 1sen
1 i1 — -1 (6T, L] (opest-61) 1= -1 £ Y vl zooe
(96-100>) 91  (¥6-T) ST (LT1-¥) Tv (67¢-1) 021 chel (61 ¥ (108-6) 28 Jo Lyruro1a oy ur sa10q g (LRERZA 0
181
181 181 181 . 181 I . WEeI}SUMOP A[2JeIpauul
Qwé 4 wae ST61 N ﬁﬁwmc 6'0% 107> aNmﬁc STl A:M.Mmﬁ ST e SINIUNUILIOD UT $3[0YAI0q §
181 181 0OV
187 187 — 187 B0 (ht-er)  (ches-ln)  18sT 187 30 eaxe Sunerado ayy UM - w_ww _ -
(961 €9¢  (¥6-D oY (L11-v1) €% 51901 015t (108-6T) LT8T 3 runwwion ur sajoyaioq g [e 32 eezqeyy
— — — — — — — — UOITAUD S @EN _mmSn—o
181
o o o . N . o B L yeys Sururw pjo oguouoy] 1815 NDEO
(00T ﬁm%wh In) 1o 1o7em pumoISIapuy [sZ] 000 Te 32 npeog
181
3 181 181 (LFF¥ 181 BaIE ISenqQ Ul SaNIUNUWIWIO0D
$1900> 1] 81 0> - — - — - : oo Korpowr
1900 (F'2-L0) ST -TETED (92z-¢) 59Tl (€1€-6£) 0T —086) (F9-¥1) SL°€S Pa309[3s Ul sajoypIoq ¥ [col 9661 Aoports
€9%0C
B B B B B B . . BIIR ISENQQ UT SANIUNWWOD
T‘le osce Uo«uoﬁow ur mﬂOLqum— :m_ SL6l esewly
uo1a4 1juvYsYy
g Arunuruod /sajoyaIoq
ad no n uz PO un o H sy ERCISIEN

JO sTaqUINN

eueynH Ut COMWQH %n_ $9[0[210q WOIJ JoJeM Ul S[e]JoU JO STAT 7 HTdV],



International Scholarly Research Notices

1o1nsIp widemyy

Tqmi 0c qul ov 9y Ul SaNIUNWIIOD /
qui Tqm& S1OLISIP
- - - - Aom.mm%c Aow.m%%s Wy Ay ut mch:EE.ou o1
(00S-01) 001 ol wnyng a1} ur $aNIUNWwWod 77
uoi8a1 [£¥] 800C
_ — — — — — — — urdiseyq uﬂu ur sanrunuuwod 18383103 @ﬁm %N,H
89 WoIJ sa[oyaI0g
uorSax [99]
— — — — — — — — 181 (6-¢>) S°S WId)sey 9] Ul SaNIUNWWOd
. .
Pa193[3$ Ul $3[0Ya10q Gf 8002 T¢ 19 BIB310)
10132y u42isVT
qux. qux. qu:. qu:. qu:. Aooﬁmwlwm”vvv MMMM_N — qu:. eore Sururwr emyIe], [S9] 10T Te 32 Yeurry
(rve-¥0) £€ (L1L-%0)T0 (0T-10>)T0 (9¢-%0)S0 (8T-T0>)¢C 001 10>) PBT (0Ce-10>) ¥ o HEL el
T8 187 187 187 187 137 181 0¢C 181 BOIE BMYIE], UT SONIUNUILIOD ($00T yoIeN)
o i L A e - . _ - .
(ce Wﬁ.wo 0 @ M N.mw 0 @ w w.w 0 (s ww.oww D (9 M%% 0) SDMM NN 0 Zc00> (05-50) €T Pa13]3$ UI $3[0Y210q 71 [ST] £00 T8 10 LSy
184
T
181 B 181 181 181 181 (c158 _ (12 m%wm &%) JOLISI(T ISIM BSSBAN aun( 01 007 Hmﬂmﬂm@w
(8-5) 959 (SF7-90)TF  (£-9)899 (§-0)se'e¢  (986-TID) #L€  —0TSL) ur ISewWn(J Ut $9]0ya10q
cog/ THIS [¥9] £00T 11190
am.%lwm.e :.mmwmov :.mmw%ov G.W%M.g Gm%lw.e ahwwlmm.@ — Am.mmwva -1 FaIE ENOJIEL, UL SAMUTUUIUO)  (SULEL BKT) (OIEIN
910 6TF 840 ot 90°0 L6. c0> (0150 €1 PaV2ARS UL S2AOGRI0Q T [ST] LOOZ 1[° 12 21uesy
— — — — — — — — 101824 UL2ISIN
31 SUOSBIS qaJ-AIp + aun[-jom
B B B 18 B B qu B 18 ( qag-A1p (-1om) (9]
- (08%-0€) - e2IE 1SENqQ) ) UI S[[oM 1810 20(Dou
(087-0€) 05 oz (0Z€-0¥70) 045 g buey pue sojoypaogq gz C1OC T8 12 20fpawy
- - - T B RRp——
- V — N
(92-1>) 01 (0€-01) 0€F ~002) 095 P
g Arunuruod /sajoyaIoq
ad no 0 uz 0] unN o H sy 20UAIYY

JO sTaqUINN

‘panunuo)) g 414V],



International Scholarly Research Notices

10

an (s00z
3 -1 JOLIISI(T 1SN BSSE
Gmwv e (0s-01) - o.m m@wwos %\W aun{ 03 00 Isndny)
STee o ’ [¥9] £00Z 1110
181 Q.m\mw%ov AQ.MH_MH_..OV BATE BMJE], UT SONIUNWIWOD  (Suted 3ySrT) yorepy
(oz€1-61) 16T 3L°0 o7 P2129193s Ul sajoya10q 71 [SI] 00T Te 12 Ajuesy
U054 ULIISIM
Aomwww_. o (surex £aeay) sun(
181 o> (surex 1ySiy) Ioquardag
181y
1°9q PI°O
nueysy ay3 jo jred wiayiou SDELO GNWMWMN
3} UI S[[oM 7 ‘S[0Y210q /9 PPWON P L
) B surwr 1senqQ [¥2] L00T
qul (6-0)c Tqml (OF-2) €1 JO ATUIDIA 91} UT $210q G ‘Te 19 eezqey
_ quw:. 810005 _ _ . S e ﬁ.\Mw:.. qus. BaIR 1SN Ul SaNIUNWWO0D KaTDaur
SMMN ch 1813070 I8 0> (LS wm.m% 0) (21 BT Pa19[9 UT $A[0Y10q F [29] 9661 Adfpawug
101324 1JUDYSY
u I 3 I 0 I Apunwitios/sajoyaioq 0U2ID
W S qs YL S PO 0] o) IN J0 TaquInN 2
uordax
Wq.w:. BJJOA 97} UI SANIUNUWITOD e 15 1S1E WVE
N N (82-0'7>) <1 pa1aps ur sajogatoq py  SO0C T8 IO
T T
T T
- - - - (0SHI-01) (o1ST1-1>) BOIE MDY Je SA[0Y210q /T
05¢T 0S¢
3y qu&
— — — — -1 (0z1E-01) BaTR ISJEY I SI[OY2I0q F§
(0S¥1-01) 0€€ 0Lz (£9] £00zT Lef,
— — — — u0132Y vI0A
31
. . . . 18 0p Aoﬁmhoo: SIOLISIP BD) 3y} UI [£¥] 800C
- b SANIUNWITIOD $7 UT SA[0YI0 15]e110)] pue £eJ,
uor3a1 e1oy [99]
— — — — — — — 181 (s—7>) §°¢ I93eaID) A UT SAPIUNUTUOD
1 .
PR303[9s UI S3[0YI0q [T 800T Te 19 1S3e3103
UOLEDY DAIIY IJVIIL)
n I u u 3 8 s Apunwitios/sajoyaioq JUIJD
qd o) o) Z PO N d H \4 J0 SIPqUINN 2801

‘ponunuo)) g 41dV],



1

International Scholarly Research Notices

18 sPsIp [£¥] 8002
Aoowmowwwo:v wny 9y) ur moﬁ_:sEE.ou .mﬁ 15)e110Y] pue Aef,
31
&%@NQ SOLISIP [£¥] 800C
wngng 9 Ul SanIunuuod 1Sye}I0 ue Ae
~005T) 0061T yng Y3 Ul s (44 1S)e}10y pue Aej,
S
&%Gom SIPLSIP BD) Y} Ul [£¥] 8007
SNIIUNUWIIOD ur S9[oya.10 1Sye}I0 ue %.m
~00£L) 00¥L€ i VL UPSSIOqSIon IR0 PR AL
181
T
(€81-€%) BaIE NJAY Je SI[OYI0q /T
6€LY
181
(-t BB [TV Je $9[0Y210q f¢ [£9] £00T 4el,
6L°0%
181 18 181
(00ST-10>) — — — — @Nﬂ.ovv . (0110 — 181 (9) ¥ [€9] 10T Te 32 yewry
001 0
181 181 181
t I . 1 . BIIE BMYIRT, UT SIUNUIUIOD (#00Z YoIeN)
(ozgr-61) (Iz=€00) (6'8-£0°0)
9329[9S UI S3T0Y2.J10 ‘Te 39 Jjues
70167 30 o7 Pa123[2s Ul $2[04210q 7T [ST] L0OT T \
n I u u 3 3 S Arunuiwod/ssjoyaioq ERlicrEIE]
ad o) o} Z PO W d H A4 J0 SIAqUINN JEN

‘panunuoy) g 414V],



International Scholarly Research Notices

12

(SHO-dD1) Adossonoads
uortsstwo [eonido-ewserd
pa1dnoo Ajeanonpur

1 91qeL, 238

SIOALI
pUE s[[om ‘s3[0ya10q
woij sajdures 1a3ep

uz
‘AN 9S ‘qd “IN ‘UIN ‘SN
awm ASU A.MU aOU nﬂvU nw< AM<

(eore e3uejedjoq)

uor3ai iseq roddn ‘uordax
©I[OA Y3} JO YIION ‘(SUOIIAUD
$)1 pue Isenqo) uor3aI [jueysy

£00Z 13030y /Am(

(69]
0102 e 12 1211ss0y

(VVND)

¥ pue ¢ saIngig

orduures [10s pue weaIs

UOIIAUD

[82] 9002

coMMMWMMqMMMMMMMM € PIPT PIGRL %98 wioy sajdures 1a7epm sV S)T pUE 82)S21J ‘UOI3AT WISISIAN €002 [11dv-z00z e ‘[® 19 YRULIY-I0JI3G
Anoawornoads
ssew ewsed MW MM_.%%.NMMH
pa1dnoo Ajpanonpur wr pue 1/81 059-pe
‘s[ejow YO k
‘Anowonsads “StaoM safduues . 1q
QUIW UI QULI ULIN PUE SWEI)S/SISALT ‘qd “LL “SH ‘e ‘sD ‘qS ‘us wortAu |
Eommmrmhwwmam um_“wmum 181 ¢L-50 S[[oM $9[0q UL PD) SV O IS ‘QY 95 S PUB BMNIB], (UOTSDI UINSIM 7007 YoIBA [ST] £00T Te 19 21uesy
. .AM%QFUMW WEAI)S/SIOATY 910q WOy sa[dwes 19jepy Sy ‘UZ N ‘0D ‘U 1D ‘A
191wojoydonoads 1/31 010>
1I9)EM

uonjdiosqe orwoe
UoneIdUdd OpLIPAY Sy

oM pue a[oy 210g

sisA[eue
UOIJBAI}OR UOININ

Al
pue 1] S3[qe], 23S

SpaaMmeas

®TA IN ‘UZ
‘SH ‘PO ‘U @ g TV SV

WIXY ‘TPUONDS :UOIZT UIAISIA
pue gseo)) ade)) ‘eqauuIpy
:u01391 e1UR)) ‘endunN
awrerdurerd :uordar eI0oy 19JedIn)

8661 15NNy -9661 dun(

[89] 100T
‘Te 39 JeuwLIy-I10J19§

sIs{[eue uonjeAnoe

I9ALI © Jo spuod IoALI

3SBWAUIQ() PUE BSUDLIIE]
9sewnp :uordar nueysy

966T AON ‘966T ATn(

UOIINU [BJUSWUNIISU] T PUv T SIqRL 998 121em punoisispun Y ‘sa3e[[IA pue SuMO) SUIpUNOLINS ‘96T YIIBIA ‘S66T AON [sz] 000z T2 32 nprOg
woxy fdures 1areM $1 pue 03uouoy] :uor3a1 wId)sey
1930wojoydoryoads
uondiosqe
srwoye anodea plod Sy III Ysy pnw pue ‘uorjejoSoa 31 sy UOIIAUD C661-2661 UpIe [61] 9661
IITOMAdS  PUe I S3[qe], 23S ¢ ,sdox> pooy pue [1og )1 pue 1senqQ :uordar nueysy PN ‘e 19 IOZION-00UOW Y
v 193owojoydonoads
2[qISIA-AN SV
SONIUNWIWOD
I 1591 ~ SO[0Y2I0Qq PA3o3[as $¥ :UOI3AI BI[OA SAIUNUITIOD g [99]
PIoY I0jeuasIy yoa)depm =1 SIGRL 998 61 woay sajdures 193eA Y €7 'U0ISa1 UII)SBY SINIUNUITIOD PIHOGAION 8007 'Te 30 118310
[ :UOIZ2I BIDDY I3)BaID)
anbruyoay, feondeuy syueyngod juengrod jo 201nog parpn3s jueinioq Arunuuos/uorday  UOTOI[[0d BIep JO POLIdJ ERIENEIEN

Jo uonenuaduo)

"sonbrua) [eonAeue pue UOI}dII[[0d BIEP JO POLIdJ ¢ HIAV],



13

International Scholarly Research Notices

¥ pue ¢ Sd[qeL,

stshfeue  ojduivs juauipag sojdures Surrdures Apyuowurq W]
uy 1) N PD Y IV uIqng IoATY/U013a1 NURYSY . .
UOTIBATIO® UONNAN ¥ pue ¢ sa[qe], JUSTUIPaS pue I3\ :600g 1das o) ue[ 8OO e 12 OYewopy
a1dwips 12304
(OT1dH) u eURYD)
zZ (€]
Aydex3ojewroryd 7 23y 998 SUIBID (- et 0 O D S Ul SUOI32I JWOS UT SO Iew paytodarjoN 8 15 ONELO
pmbiy soueurroyrad ySrygy §9d UMD 00 PO SV pue syoxrewrodns pajosfas [0z T2 32 O3etiopy
J0)RI0USS sed
QUISIE UT (M pa[dnod sajoya1oq U JOLIISI(T ISIM BSSBM
[Ppotw nZprWiys ¥ SIQBL 93§ QT 9N 0N O DA U ¢ U 00T dun{-00g Isndny [¥9] L00T 1190
spmoiogdonoads woy sa[dures 198\ ‘qd 1D 0D 9 PD ‘UZ SY Ul ISeWn(J :UOI3aT UIASIM
uondiosqe oruroje sure[]
anbruyoa)
anodea pjo> BH so[dures wre0205 193em OSWE], pue eInsN ‘yejuenyg [o1] 200T
1opuiooydoxnads [ 9I98L 9§ pue wefo00 :do1d poog 8H PO sV “eMY[Te], ‘U013 UID)SIAN parodaiioN Te 10 Suewumnssy
uorjdrosqe oruroje surefy
PO SV
1339w0joydomdads . sojdures doxo 1aqm .
uondiosqe o UM :ww\/ Iayjo pue ‘wef0d0d sy ‘pD ‘uz ‘84 @o15911 05030 AMMMMWHMW\,H«H pariodarioN [z£] 9007 T8 30 LIqO
SIWO)e NZPEWTYDS IIA 11 21981 395 eAessed :sdo1d poog 1t ) uot M
driysumoy,
1930wojoydondads ¢ pue ¢ somdiyg ISenqQ WOIJ SAOULISIP sy (uorrAud poviodai 0N [12] 9661 ¢ 19 MO[oD)

C0-0<I-AN NZpeWIyds

patrea jo sadeqia
woij sajdures 10§

S)1 pue IsenqQ) UOI3aI NURYSY

1930wojoydorioads STPOQ IoJeM 0eJINS pue e (uoIraua ]
uondiosqe oruroje surer COIRL S gy woij sajdures 193eA UZ9d °d PO U D Y $)1 pue 1senqQ) UOISaI Hueysy 6002 2un{=q  [S] 010Z T2 32 yrury
13owojoydonosads sdey pue sajoypI0q e BaIR q .
uondiosqe oruroje surer [ 9198L wouj sajdures 1a3epp IN"qd >4 PO UN SV Sururwr emdpre], :uor3ar wI)sop 010z 1AV [$9] T10T e 32 yeutry
oeag Suodieg resu-uoode
emyIeN 9seo)) aden-uoode
sisATeue sorduwres e nso, ‘eurwipg-uoogde| 0L
uoneAnOR zobwaz € 2198L 298 SJUSWIPas pue WBSS 8H PO SV TV efuag Eowmﬁ [enua) pariodarioN 10T ‘T8 32 soxﬁmw@
ewreys-Aren)sg
BIJ ‘UOI3SI UIANSIM
(SINDI) 1230wonoads w7 98 '4d IN (entley] “ueg prrop sENqQO
ssew ewse[d T 9[qeT, 23S odures aurrn W T I O Nn M N :JOLIISIp WepqeN-Isudfer,) 600 owwng  [£S] 10T ‘Te 32 nseg
pafdnoo Appanonpuy WO #0700 PO SV 1TV uordar jsey 1oddn
syueinjod
anbruyoay, [eondeuy juenyiod jo 201nog parpnys juenyog Arunuuod/uorSey  WOTOI[[0D BJep JO POLId] 20ULIJY

JO uonenuaduo)

"panunuoy) :¢ A19V],



International Scholarly Research Notices

14

1930wojoydonodads SISNIOM duTU
uondiosqe we T sorqe Jo oydures aurn pue 1S QY 95 UOIIAUD Sre 1 15 O1UIES
STWOJe-UOTIRIdU CPUPTSOIARL qppans /SIOALL ‘SA[OYDI0Q SV BD) ‘UZ ND) ‘0D ‘U 1D S} pUe eMYIE], :UOIY WIS ¥00T Y2APIN. [ST] LOOT '[¥ 32 juesy
opupAH woiy soaydures 19)epq
I9)owondads
uorsstuo orwoje ewserd  8/81 §150°0-2#10°0 so[duures arey uewngy sy eMJIE], {UOISAT UISISIAN paarodarioN  [SS] 6007 Suewunssg
pardnoo Ajeanonpur
1/3110€ T1-AOT
:98uer
131 %61°C
FyETPO
(PPON  1/31229-A0T
np0z6 SVVv dimyd) :a8uer s1oyjow Juryejoe] . BaIR (22]
193owojoydonoads “1/31 661 WOIJ [T JSearg PO SV ad enjy-asewnp() :uor3ar urdjseq pajiodajoN 0102 Te 3o wnuag
uondrosqe ST}y T PSTSY
/31 6661
F07¢-dO7 P8ues
“1/31 9106
T €87 qd
. ©3)SAIJ QSBUIWO(T ‘OSeMUY Je R
paodar JoN 1 9IqeL, so[dures 193N SN SH o VN [92] 8007 ‘e 30 eueprx
osodag
1930wojoydoryoads d . oS
uondiosqe Zpue T s9[qer, SILALIES Su 0SPOQE( “UOLo31 UIRISOM 9007 Ue( ‘500z sndny [ce]
: [SY ‘pue SJUSWIPIS TI0S Suoduwrey ojimy, ‘oseiq 0102 ‘T8 32 Suoddp
srwroye anodea p[oD . ’
OJIM], “WESIMY :UOIZAT [e1JU))
sopdures ugO-uo-emyun(g [s£] zo0T
SVYV Ut [[22 anodea pjoo € pue g samdy JIoqn) BABSSED PUE [I0G 8H :uorda1 [enua)) pariodarioN 19ZPY puUe MO[0D)
Ad 0001S ¢ pue 7 sa3rg sadues uy HO-o-emind pa11odar JoN [s£] ooz
IQW[H-UDIJ/SVV I2qN} BABSSED pUE [I0S :uor3ar enyua)) 19ZPY pue MO[OD)
sojdures
sisA[eue (uoIraua
7 pue s9[qer, I2yem I0s ‘uorjejaSoa sy payrodarjoN [1€] .61 esewry

UOTIBAT}O® UOIININ

‘sdo1o pooy Qurin

S)1 pue IsenqQ) UOI3aI NUBYSY

anbruyoay, feondeuy

syuejnyiod
JO UOTJRIJUOUO))

jueynyod jo a01nog

parpnys JueInfjoq

Ayunwwod /uorday

UO01193[[0D BIEP JO POLIDJ

DUaIJY

“panunuO)) :¢ ATAV],



15

International Scholarly Research Notices

uorIs1[[0d 9[0d0320

pue 1asA[eue sjodnipenb
e yim paddmba
1930wojoydonoads
ssewr eurserd

pardnos Ajpanonpuy

[ECRIEEN

sopdures aurin

UZ 9§ ‘9d IN
UN D 9D 0D PO SV TV

enifoy] S[ueq pHOM
qsenqQ :uordax jseq 1oddn

600¢ Iowwng

[£S] T10T Te 32 nseg

130wojoydonoads
uondiosqe ST}y

9 9IqBL
‘G~ sa3r] 99§

ordures 1ayepp

U7 9 qd PO

Aremysg o1ny] :uorar [enua)) dun( 03 29(] Woiy APaM [19] £00T ‘e 32 Oquer]

wdd g6z v¢
spdures yuawrpag
wdd 06Ty

T Og—G1

‘wdd 72769

W 10

sdures 109

13owojoydonoads
uondiosqe ST}y

ordures Juawrpag
oduues 1o

ISENqQ :UO0I32I JUBYSY

IUOW /20U0

010C Ue( 03 00T AON

(8] £00T
Guajeog-ruuny

181120 F 9570

“mhwvﬁo\s 210 ﬁ—OU

131 %10

F £S°0 :Tense)

/31910

FIS0 U[S0

1/31 210

FLY0un g

131110

F 9¢°0 (w01

mm .HOM whovﬁhogmo urua

VVNI Ul aprpnuorpes woljy due)sIq
paonput 8H, SH

Y 10J (VYNI)  T/81 29T F L9l
mw@ﬁmﬁm ﬁOmewﬂu.m “mhvvﬂuog 210 ﬁ_OU
UONNAU [BJUSWNISU] 1/91 881
F $H°01 ;renseD

/81 sL1

F €08 U S0

181 ¢et

FeLTURT

/381 €71

F9£°9 U] 01

m.HQVTO\S .wO urux

EO.@ wuﬁmumﬁg

SY

sordwres aurin

SH sy

BMYIE],
JB SIONIOM SUTWU :UOIZT UI)SIAN

paytodarjoN

[8<]
110C Am 19 E.m.wwun_/\

syueinjod

anbruyoay, reondeuy 70 GOERUTOD

juenyod jo a0Inog

parpmys JueInfjoq

ATunuuos/uoiday  UOTI9[[0d BIeP JO POLId

ADOUIJY

‘ponuUNUO)) ¢ HIAV],



International Scholarly Research Notices

16

19j9wondads uondiosqe
orwoje modea pjod :3H
t1939w01103ds

ssewr ewseld pajdnoo
A[oAnionpur :s[ejow Iy

7 pue sa[qey,

ordures autin

19 ‘qd ‘1L
8H ‘®g ‘SD qS ‘US ‘U ‘PO
Y O IS QY 3G SV ®D
U7 ‘nD 0D 9 ‘UW ID A

1senqQ :uoIdar nueysy
‘eI00Y UI BaIR
a1ysoqS0q3y :e100y 191ea1n)

payrodarjoN [6S] ZI0T Te 32 djuesy

oM Snp-puey

sV ‘8H . [¥2] L00T
parrodarjoN Zpue [ s3[qer, ‘sojoyoroq ‘sweans oV aurw 1senq() :uordar ueysy payrodarjoN .
woxy sajdures 101ep PO “qd "UZ IN 1D U o [ 3o eRZqey Y
J[oya10q
parrodorjoN 7 pueT SI[qeL, 295 ‘S[[om Snp-puey ‘sureans SIN sy ‘Uz 9 eare osewo}] :uoral ueysy 0107 100-1dog Am(-oun( [€9]
710T 'Te 12 do0fpawry
wroxy sajdures 193N
m w . _ .
1/5 05 .on o moEEwm Qmomv [#1] €661
1SENq0 BIW PUR ‘YST] [RIO s PoIB ISENnq0 a110da1 30 IOPWYyY pue
/8w 072-£0°0 ! pue sy [e20] v pue Isewny| :uordal Nueysy P N PPV p
: pO0J P00D ‘UOTIEIdFIA ISZIIN-00UOW Y
ISeuImy|
~ Sa[oY2I0q [V SV 9 0 D ‘qS ‘9Q¥ ‘qd eSuejeduejog :uordar jseq
panodaiion OI-T SIIqEL 298 woiy sodwes 10jepy O] ‘X UZ ‘N IN ‘0D 1D 1addn ‘1senq( :uorda1 njueysy panodaiion [29] 9661 £o1pats
wA)SAs apLIpAy
Amorowr uonoa(ur Moyj Z S19PL 398 sojdures ysy pue 3 oqn[y ‘Osoug], ‘ewnyes payiodet 10N [se] zooT
m 193owojoydonoads ‘[reu “Irey QULIN ‘poofg OSBIMUY :UOISI WIS yeeq pue opewipy
uondrosqe oruro}y
(6'7T-0'0)
88 zeFT0
ITef] e3uejedjog [9¢]
19zATRUR AINDISW 10311(] (80£-2°0) so[duures Jrey pue auLIn 3H uorda1 yseq 1addn 6007 dun( pue Lejnr 0107 ‘¢ 10 LIngPNIE]
8181 ¢LLF 0L1
aurn
poujow ysepy uado :arepy
000S DH [Ppou 1as4[eue
Amozew opewone ZpueT sd[qer, 29  sopduues arey pue aurin 3H ol UO-to-eaunq pai1odar JoN [09] 0102

ue ursn Anowonsads
uorndiosqe orwroje
amodea pjod :autn

cuor3ar [enua))

Te 3° gesuy-esueeMy]

anbruypoay, reondeuy

syueinjod
JO UOTIBIUOUOD)

juenyod jo a0Inog

parpmys JueInfjoq

Ayrunwwod /uorday

UOT)II[[0D BIRP JO POLId]

CRltCACIEN |

‘ponuNUO)) ¢ HIAV],



17

International Scholarly Research Notices

(SVV SLT1 ueLtep) UOIIAUD
S UOIIAUD ST [ UB[ pue G661 A0 G Jques
Anawojoydonads ¥ 2190l SI puv iseq Wity 24 TUNPO 1O "qd 7 pue urseq wWLIg :uordar uIa)seq ,wmwm AE%HNNQEMMBNM ﬁwﬂmo%ﬂwwzw-mmcw
uondiosqe Srwoyy woiy o[duues 10jepy : o :
sasA[eue [1os pue ‘urejued P SUOIIAUD [0€]6002
UONNAU [BJUSWINISU] DOIL pppsses woij sojdures 1D 1UZ MO A4S BH SV SJ1 pUB BMYIE], :UOTZOT WIS pariodarioN Te 30 p1ojle
1930wojoydonoads . sopdures WIN o Uy B eare Jururw el o 0 [¥8] 110C
uondiosqe dTwoly-ddI [ o198L [10s Aep> pue pueg W4 U210 PIOS BMYIE], :UOISI UIAISIA 010Z e[ 03 600 AON ‘Te 39 oppy-3usjuerod]
I19)owo01303ds S swean)s/sSurids woxy S eare widemsry ‘Uoidar LIs1se Ted4 (0B WIAON 215 Aorte
uondiosqe dTuroje dure[y 21l sojdures 197em 20€JING O U >4 U7 IRy -uot 1Sed 03 3dog pue aun(-AejA [£8] S00T "Te 32 Ao31eN
sosATeue
UOIJNOU [BJUSWINIISUT (28] 0002
LA 7 Jqe sodures uayor IDN QS YL A ‘S 1senq( U031 IUBRYSY €00 Y2Ie]A 03 70T 2Uun af>eog-ne ue
feem ﬁmmmwﬂm 1981 1d Lelg| DN S YL A SV qQ ‘uord usy IR Ayeogq-nen p
uemyers-yeedeq
UOIJNAU [BJUIWINIISUT
reurroyyids i) ‘q8 Sy
UIsed BIQONUY q «qe ‘ayT ‘a7 ,oﬁ
SIN-dDI 7 pue I S9[qeL. dyj ursapoypioq S ;m AMm Mm Mm wZ 62 UISeq BIQONUY U0 UISISIM payrodar joN [18] £00T 1s1R1I0Y]
woiy soaydures 19Jepn W TT °H =d 1D 10 90
¢ ¢ I3 q ¢ I3 nm
PO g Bg ‘d SV TV 0V
e SU0OJe[ TUNJA] pue
UOTJBZIUIO)R JWIE[] $-T SO[qe], SJUSUIPIS PUE I9JBAN PD 9 ‘U ‘Qd ‘UZ ‘D %007 3190 PUe €007 AON  [08] 0102 T 32 4&],

II ownyes :uordal eIddy I93eain)

sIsAJeue uorjeAn}oR
UOIINAU [BJUSWNISU]

¢ pue ¢ s3[qe],

sojdures
SJUWIPIS PUL JoeA

YL ‘PO SV
“BH 0D TV ‘A MO ‘U ‘98

1OLISI(T ISIM BSSBA ) UT /
SNl O1Q2IG3], (UOI3T WINSIAN

600Z ue(-800¢ 3doS

[62] 010C
Te 30 wasuoduwreog

13owojoydonoads
uondiosqe ST}y

T AIqeL

JOALI NSUI(]
woiy ojdures 1ayep

qd ‘UZ 0D UN 9d

Ileeysy
pue onjed T0qnsy ‘OseoSuey
WNpeMYY :U0I3a1 uId)sey

7002
YIRN pue €00 A[nf

[6£] 9007 d1esy-esuy
pue LeyLIey

SUOI321 9891} UT UISeq NSUI(]

_ o . _ [2¥]
paytodarjoN pz-eg so[qe],  sodures 1ojem punoin UA 9 ‘SN UTUIIM SOIIUNUIWOD §9 :SUOIZAT $007 29d-500T 92 8007 ISTELION PUe A2,
BIDOY JI9JEDID) pUE UWId)SeH
sordures Jmuy
Anowoiads ue ‘sjom Snp-pue sy 8 UOIIAUD
wond peTsRIELISs Lo D s vorSor $00Z-2002 o ia T c00T
ndiosqe ooy S9[OYPI0q ‘Swean)s  ‘pD ‘qd ‘UZ IN ‘D ‘UIN 9 ) pue IsenqQ :UoI3aI NUBYSY [e 19 eezqeyy
woij sajdures 1a3ep\
syuejnyiod
anbruyoay, feondeuy jueinfjod jo 201n0g parpnis juenjoq Ayrunuwwoo/uorday  UOTIOI[[0D BIep JO POLId] OUAIY

JO uonenuaduo)

‘panunuoy) :¢ A14V],



International Scholarly Research Notices

18

[020301d Gurjdures urseq exd 10ALI g SuISeq BI1J I9ATY :SUOISax fm [¢€]
BJOW-221) UBIIRIY, woiy sajduwres 193e H UI2)SEH PUB UIISIM [eIjud ooz A 9007 ‘Te 32 10y U0
[ J ueaenin J S9[ M dp [ 0] [ uod
Anpwoyoydoxdads S tueans e . [92] 900C
uondiosqe JTwo}y pUE oM 9[0y210q PD @1 ‘U ‘qd “SH IN eaIe [SENQQ) ‘UOISaI JUBYSY SpEWOp pur 48T
’ ’ woij sajdures 1a3ep\
Anowojoydoroads S3[0Y2I0
vondios M_W Sy woxy 8&&% msm >M UN 9L BN ISTeY pue oy :uo13ax ejjop 00 PU® Z00T [£9] £00T e,
53580:%%60% sopdures 1o7em B n owﬁm NJIMT, . [9%] <002
uondrosqe PUE “YST JUIWIPIS uz ‘nD sy ‘qd ‘PO ‘SH pue ropred 1qmy uisenqend 66l oY Kaurg pue emyueq
SIWOJE P[0 PUE dWE[] : ‘ogeruey] :uordar [enua)) ‘
sishreue ue | s9[qe sodures uayor ID N QS YL A ‘S SUOJIAUD €002 [v€]
UOTJRAT}O® UOIININ] CPuv T SIIquL I P O N AS UL A SV )1 pue 1senqQ :uordar nueysy PIRN pUe 2007 oUun{  900Z Te 32 OIeAN
ESESMMWMMMMAM adoyedog anoqrey Surysty
S— mm&. cmuéﬁw € 9qe, odures ysr, PD ‘UZ ‘qd ‘1D U PWIIT, ‘BYR[ES ‘UMOT, SOWE(  $00Z 390 PUe 00T AON  [£8] 800€ ‘Te 32 Ae],
Sutsn mo:mﬁﬁoum w&mE :SUOI3aI BI[OA pUE BIDDY I9}BID)
(SVV g€z uetres)
Anpwojoydonoads F pue ¢ sa[qer, uooSe| nsog IV ‘qd ‘Uz ‘nD 9 35800 ode)) :uordar fenyua) 6007 AON (98] 102

uondiosqe STwoyy

woy odures syuawWIPag

Te 39 wnjuag

anbruyoay, reondeuy

syueinjod
JO UOTEIUDUOD)

jueinyod jo a0Inog

parpmys jueInfjoq

Ayunwrwods /uorday

UOT)II[[0D BIRP JO POLId]

ADUIJY

‘ponuUNUO)) ¢ HIAV],



19

International Scholarly Research Notices

131 31 15" 81 8
! =T _ 1 T O [¥£] 800C
(ovoz ommw (61-01) 9 (0ozot o%%w@v (0s-7) s°at (091-£0) 6°¢T M8 A1 35 oyewopy
81 181 181
181 181 187 S " " S (a1 - [¥¢] LooT
(LD 31 (98-T'0>) €2 (071-8) pe 1T (¥85T-9¥D)  (061L1-6S7) (157 (81-1)8  (01681-6) durur 1senqQ Jo ANurIp T 19 eezqEy
86/ €05 LE1¢
1871 g01 1 157 181 @wmmmwwm SQEMMMN 1811 sawﬁmwwm wransunop faierpaury
- - . - = = SOTITUNUITIOD UT SIJALI
(98-21) €'5¢ (0T1-61) 6€ bel6 77169 <7H9 0 [ SIDALL ¢
181 181 181
181 181 r r . r DOV jo eare uryerado oy [¥2] Lo0T
181 615 ( R&w cel ( %liw coe 187> (sTet-TLk)  (€095-8S€) JI8Mge  (1L0€-01>) UTQIM SOMIUNUIWIOD UT SIOAL 5 e 13 TPZQENy
L'€69 S€6T €Il
181 9% 18198 181 180> 181 ¥68T 181 6lL1 181 g1 1811681 “UOIIAUD $)I pUE 1SeNqQ
1 1 1 1 T 1 T 1
17 157 Aoonm&ww aonw.wwm (000 dun() uoseas JM
-_— V —
(o1>)¥¥  (0€-01) 0 0SIT 0ze
181 81
8 181 1 L lo7]
31 3n -1 1 - - 2,]) uoseas A1
18106 181 0L (€1-1>) 6 (00s-0) cg1  OCIT WMMW (oget ﬂww (000 92d) d 900z %«Emz
pue Aej,
. $1[2q P[OD DUEYSY
qu:. 9 Tqms. vy Tqm& s qui (43 Jo syred WISY)IOU UT SWeaxs O]
181
1 AM2I9MY IDAT
(0¥-0¢) S¢ MY A
qu:. LIIDM ) JOATY
(06£-0%1) 1LT ’ ‘
bwmavﬁbﬁo
ﬁﬁw osuarned .uwdaﬂﬁo . N?@Nmﬂ O.W%N
:sade[ia pue sumo) Surpunorns [Pionpeod
pue 03UouOy Je SIATY
uordas yuvysy
qd nH 1 uyz PD U EX| Su sy Ayrunurwo)) ERLENEIEN |

(®

“eureyD) U UOTFOX Aq SUIBDIIS/SIOALL UT S[RIOW AABIY JO S[PAT :f ATV,



International Scholarly Research Notices

20

. . . . [s1] £ooT
I8Meg0 [ 18rMgor 18 T50 JI8Mger  187y00 181289 1ad 181 gt 1 Syuvsy
187 181 1 1 1 15 131 [s1] 2ooZ
ol - S ol o - .
(e Nm%w (L16-26'0) €1 (Tt om%w (00st mw m (800 wm%w (0gst Mww (64-60) 8 010 oyuesy
31 81 3
18 18 (187 ammw@ 8%%@ aomwo@ 18 (187 [88]
SJelIO
(00%1) 0011 (001¥) 00¥C (0o1) 00€ 000891 006TH 00601 (00££) 009%  (0001) 00€ 9007 1538310y
181 [82] 900Z &
(€€) ¥8€ 19 YRUWLIY-10J12§
U01324 UL2ISIM
187 8 134 s [9] T10T
€7 5T I8 (1) ¢ (86) 21 181 (6€) 1% [ 30 20(pawry
3 181 181 181 181 181 181 181
aﬁ.ﬁmw 0) (1€81-5%7) (£99-€)  (0scI-81%)  (TSIc-6S%)  (80TI-THT) (9%9-7)  (S€1-9€1) [¢] o107
0N 690 0Nn-01 0oNn-01 0Nn-01 0Nn-01 0Nn-01 0Nn-01 0ONn-01 Te 19 yewry
£,181 €09 LI8Mect  f T8MpL9 ¢ 18Mzes 8oL ¢ T8zog  f T18Mpew
qd nnH 1 uy PD U ER| 3u sy Arunurwon) OUDIJY

"panunuo)) (e)



21

International Scholarly Research Notices

S voc: (0] 10T
181%96°0 219 qOYOpY
1810201 _I8gze 18 oge nmaqerpag
181 0%1F 18 e 181 60¥ Suaqeuoduy  [67] 0107 T8
IISIP 15 wasuodweog
Sururwr pyog emdyrey,
181 181 v 181
Am.mmmmd swﬁuo.g (e1-10° oﬁv‘mww 1ad @.moﬁ.e 8.%8.8 (69- mo&ww“ - u_wwmmmm
9% 4 S0 9%°0
31 31 31 31
o i1 ok o 181 (6T) €71 . Lst] Zooz
(89°€) S9°% (6S¢€) ¥1T (F€0)zs0  (£50)9%°0 [e 32 duesy
31 31
Aomows 1187 187 1187 187 ammws [88]
1S)elJ0
(00€¥) 006 00647 (oom) 00¢ (oom) 00¢ (0o1) 00T (00¥1) 00TI 00421 9007 1538310
: (82] 900T Te
Tqm& (ro) vt 19 JRWLIY-10J19G
UO13IL ULIISIM
Q IS qs 3 0 A e} IN v Arunwwo) 20U
@
uﬂﬂo.mun_ur—n
EOHM.&QN?MZ
NHLN@EOQ
8 8 3
( .Jq s G Jq @ qu T8 (19) ¥ nmaqerpag %@th ¢
€0 €872) 001 (T6LT) ¥¥1 wonpespy  TF P UEHIY
Suaqeuoduy
rundunqy
. . . (0] 10T
18191070 1812000 18191070 [ 15 4OYODY
8ot 18108 JI8zes 18MTTs nmaqerpag )
JT8om 184 08zt LT8gpr 18 oz Suaqeuoguy _ 16€] 010 T®
10 wasuodweog
1nsIp Suturw pjog emyrey,
qd nnH 1 uy PD U ER| 3u sy Aunurwon) OUDIJY

"panunuo)) (e)



International Scholarly Research Notices

22

[e€] 9007
9€50T 2 1 103uO(]
) ) ) [9%] S00T 4aurg
V0 100> 60T pure waEEg
U124 [p4JU2))
(Twarg
) ) TWIPY ‘Temy| ‘denjuety (€8] S00T
00¢ eve e ‘oyerdQ 1q0Y 1q0I0) 8Py T 12 A3ireN
E_ngvﬁaﬂ wﬁ_u Ul SWea)s U2A9§
oy QLPIIMY JOATY
(e¥-¢€D) €Lt LLIOMQ ToATY
n ) mmeQCQLO FN_ 0002
esuarned Omﬁaﬂ—uo Seare .Tw 1 Sﬁmom
Surpunoximns s31 pue oSuouoy]
(s8]
(9T-10) 71 (T68-1)989  (9T-1>)¥T (€92-7) L'09  (LSI-S) ¥'19 000¢ 2yuesy
pue aresy-esuy
(0611-519) efereysy [6£] 900C
(66-5>) 81  (¥LT-87) 08 (001T-%1) £S (££€-%92) 16T 196 pue ODfRd 10qnsy ‘9seouelN  dIesuy-esuy
WNpemYy SULI2A0D UISeq NSUd(]  pUe LIBYLIEY]
101524 UIISDT
ad Re 0 4 18 PO YN od 3H v Aunurwon) 0UIY
L
©)
mﬂﬂo.sn_or—n
WOD{RIUBMYN
NHL&@EOD
.Lw.x nmoqerpag Wmmh w ¢
(€0)¥0 wonpspy 1210 UPWHV
Suaqeuoduy
rundunqy
Q S IS qs 3 D A o) IN v Arunwwo) ERUMEACIEN

‘panunuo) (q)



23

International Scholarly Research Notices

. ) ) ) . . . . ) ) ) . [08]
RIDDY Jd)eal
(00200 (90°0) 8970 (010°0) €10 (100°0) 9000 (90°0) T¥6'0  (0T°0) 9T A D 10z 10 der,
) : [98] 110T
¥9C 60T 0€7T 0SII u003pT nsoq [e 15 umyuag
STH00 T 7000 890°0 U003V VMYIDN
9€0°0 LIV 2000 u008v] nsoq [0Z] TI0T
1S0°0 90,1 €000 901'0 uoo3pT vduag 'T° I YONOPY
[62] 010T Te
571 I ey 10 wasuodureog
S9T 1002 a3 wnyvy
s¥'9 081 i4 21M0.108 [19] £o0T
Aremsg Te 39 OyUeL]
a1my] 03 19)em Surk[ddns s1oaryg
ad o 0 vz 181 PO N °d 3H v Ayrunurwon) OUIY

‘panunuo) (9)



24

Amasa [31] reported very high concentration of As in
ferns (up to 4700 mgkg ') and oil palm (2900 mgkg™).
The lowest As concentrations were reported for plantain
(2.29 mgkg™") and cassava (2.65 mgkg™') in Obuasi and its
environs (Tables 5(a)-5(e)). Generally, the magnitude of As
concentrations in soil and biologic specimen in decreasing
order as reported by the studies reviewed was as follows:
palm tree > fern > soil > sugar cane > banana > orange >
cocoyam > cassava > plantain. Essumang et al. [16] reported
As concentrations as high as 383 in water cocoyam grown in
soils of the Tarkwa gold mining area. The magnitude of Hg
concentrations in soil and biologic specimen in decreasing
order as reported by the studies reviewed was as follows: fern
> soil > elephant grass > plantain > cassava.

3.8. Levels of Heavy Metals in Urine and Blood. Studies
reviewed broadly reported heavy metals concentrations in
urine for gold mine workers, non-gold mine workers, and
workers exposed to fumes from e-waste recycling. Urine
was the most common biological marker of heavy metal
exposure used by the studies reviewed. Generally, reports on
the levels of heavy metals in gold mining workers and their
non-gold mining counterparts did not reveal any discernible
pattern. For instance, from Asante et al. [15] it can be deduced
that the non-mine worker/mine worker ratios for As, Hg,
Mn, Cd, Zn, Cr, Cu, and Pb were 1.2, 10.9, 1.3, 7.7, 0.3, 3.7,
1.4, and 1.2, respectively. This suggests that except Zn non-
mine workers generally had lower concentrations of heavy
metals in their urine compared to their counterparts who
were mine workers. This result is counter-intuitive. Heavy
metals in urine samples of small scale artisanal gold miners
in the Upper East region did not differ significantly from
heavy metals in urine samples of e-waste recyclers in Accra.
Only one study [35] reported on heavy metals in blood
samples mostly in some residents in the Western region of
Ghana. Mercury levels in such residents varied spatially. For
instance, Adimado and Baah [35] reported Hg concentrations
of 218 ugL™" and 57 ugL™" for residents in Bibiani Anhwiaso
Bekwai and Tanoso, in south western Ghana.

3.9. Levels of Heavy Metals in Hair and Nails. Hair was
the second most common biological marker of heavy metal
exposure used by the studies reviewed unlike nails, which
were sparingly used. Generally, concentrations of heavy
metals reported by the studies reviewed for nails were higher
than for hair. One study [35] reported higher concentrations
of heavy metals in nails than in hair.

4. Discussion

In this review, we provide a systematic categorisation of
the results of studies published from 1975 to January 2013
on As, Hg, Cd, Zn, Sb, Cr, Fe, Co, Cu, Ni, Zn, Mn, and
Pb levels in water, soil, sediment, fruits, and vegetables as
well as human hair, urine, blood, and nails in Ghana. We
found that the use of vegetables, fruits, fish, hair, nails,
and blood as biomarkers of exposure to heavy metals is
not appropriately developed because of the heterogeneity
among the studies. This heterogeneity applies not only to
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the populations selected and the analytical techniques (as it
impinges on accuracy and precision) but also to the process-
ing of specimens and presentation of results. The procedure
for collection, pretreatment, storage, and preparation of the
heavy metals prior to analysis varied extensively among
studies, although available data suggest that such processes
may influence the magnitude and comparability of the trace
metal concentrations [36, 37].

It would appear that large variability in measured concen-
trations, apart from collection methods as mentioned above,
was likely the result of differences in spatial characteristics
of the sampling locations. Similarly, for the published studies
that focused on human subjects, the variability in measured
concentrations may emanate from varying excretion profiles
amongst widely varying individuals with ranges of body
burdens, genetic polymorphisms affecting detoxification effi-
ciency, and physiological states [38]. These variations were
very much greater than would be expected due to limitations
of analytical methods. Although analytical methods have
improved over the years, analysis of these metals was routine
at the time of the studies.

Apart from geogenic sources, the contamination chain of
heavy metals emanating from anthropogenic sources almost
always follows a cyclic order: industry, atmosphere, soil,
water, foods, and humans [39]. Regarding exposure to con-
taminants in environmental media, surface and groundwater
were the most studied. Published results clearly indicate
widespread contamination of ground and surface water
especially in gold mining environments. Groundwater quality
in natural systems is a result of many environmental factors.
Climate, geology, biochemistry, composition of atmospheric
precipitation, and the nature of the hydrology are among the
more important factors [39].

Arsenic concentrations in aquifers in different geologic
settings vary considerably over short distances. In the mining
communities the geologic settings are Tarkwaian or Birimian
systems [40]. Arsenic in groundwater occurs in two species
(chemical forms), As (III) and As (V), which denote the As
oxidation state. Arsenic (V) consists of arsenic acid (H;AsO,)
and its conjugate bases (H,AsO,”, HAsO,*", and AsO,>").
In the pH range of most natural waters, the predominant As
(V) species are the anions H,AsO,” and HAsO,*" [39]. In
the same pH range, As (III) consists of mostly uncharged
arsenious acid (H;AsO;) with a minor amount (<10%) of the
anion H,AsO,;~ which sorbs As (III) [39, 41]. The predomi-
nant As species in groundwater in the mining communities
(i.e., Bogoso, Tarkwa, Teberebie, Damang) is As (III), which
is obtained from the oxidation of FeAsS (arsenopyrite) ore
abundant in these communities [40]. Most of ingested arsenic
is rapidly excreted via the kidney within a few days. However,
high levels of arsenic are retained for longer periods of time
in the bone, skin, hair, and nails of exposed humans [36].

Iron concentration in groundwater varied extensively
with location. The inconsistent value of Fe obtained in this
study is not unexpected owing to the high occurrence of the
metal in nature. Fe constitutes a high weight percentage in
sulphide ores and is therefore likely to be very high, at areas
of active metallurgic activity such as Tarkwa, Damang, and
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Bogoso. According to Kelly et al. [41], in wells for which
the total organic carbon (TOC) concentration is less than
~2 milligrams per liter (mg/L), As is usually undetectable
(<1ug/L). For wells with higher TOC values, high As con-
centrations are more likely. In wells with detectable sulfate, As
is almost always undetectable, while wells with undetectable
sulfate may have high As concentrations. A likely explanation
is that As is associated with iron oxide coatings on sand
grains in the aquifer [39]. In areas where organic carbon is
abundant, the iron oxide gets reduced and the As is released
to the groundwater. In areas with abundant sulfate, sulfate
reduction forms ferrous sulfide (FeS), and the predominant
As (V) species are the anions H,AsO,~ and HAsO,* [39, 42].

Levels of Cd in groundwater demonstrated that weather-
ing of calcareous rocks was sufficient to provide the amounts
of Cd found in the water profiles. In addition, the input of
Cd by weathering was larger than the input by anthropic or
geogenic atmospheric depositions which are the only other
potential sources of Cd in mining areas. Several published
studies reviewed reported Cd in human hair and nails. Cad-
mium accumulates in the human body adversely affecting a
number of organs: liver, kidney, lung, bones, placenta, brain,
and the central nervous system [43]. According to Apostoli
and Catalani [44], other cadmium-related health effects that
have been observed include reproductive, and development
toxicity, hepatic, haematological and immunological effects.

According to Morais et al. [36], tobacco smoke is one of
the largest single sources of cadmium exposure in humans.
Eugenio Figueroa [45] argues that given the fact that the
absorption of cadmium from the lungs is much greater
than from the gastrointestinal tract, smoking contributes
significantly to the total body burden. On the whole, for
nonsmokers and non-occupationally exposed workers, food
products comprise most of the human exposure burden
to cadmium [36]. Some of the published studies reviewed
reported Cd in a variety of food items including fruits [24],
cocoyam [16], and shell and fin fish species [46, 47]. In food,
only inorganic cadmium salts are present. Organic cadmium
compounds are very unstable. Unlike lead and mercury ions,
cadmium ions are readily absorbed by plants. They are evenly
distributed over the plant. It is widely known that cadmium
is taken up through the roots of plants to edible leaves, fruits,
and seeds. In fact, during the growth of grains such as wheat
and rice, cadmium taken from the soil is concentrated in
the core of the kernel [45]. Cadmium also accumulates in
animal milk and fatty tissues [45]. Therefore, individuals are
exposed to cadmium when eating plant- and animal-based
foods. As argued by Castro-Gonzalez and Méndez-Armenta
[43] seafood, such as molluscs and crustaceans, can be also a
source of cadmium.

The principal controls on manganese concentration
in groundwater are pH (acidity) and redox (oxidation-
reduction) condition. Manganese is mobilised under acidic
conditions. Hence concentrations can be relatively high in
acidic waters such as some industrial waters and those
issuing from mines rich in weathered sulphide minerals.
This resonates with the situation in the mining areas under
study. In pH-neutral conditions, the mobility of manganese
is determined by ambient redox conditions. Under anaerobic
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conditions, manganese is reduced to the more soluble form,
Mn(II), which is released from minerals. As a result, much
higher manganese concentrations can be found in anaerobic
ground waters.

The highest maximum dissolved Pb concentrations were
found in water samples from surficial aquifer systems, which
is not surprising given the highly corrosive conditions (typ-
ically low pH, high DOC concentrations, and low dissolved
oxygen levels). Lead most likely is transported in ground
water by mobile particulate matter [48]. Erel et al. [49]
estimate that up to 15 percent of the industrial Pb deposited
from atmospheric deposition is incorporated in water that
infiltrates through soils to ground water. Other studies have
demonstrated a downward migration of Pb through soils
and into aquifers, which depends on the mobility of organic
matter and sesquioxides because of the high stability of
Pb-organic matter and Pb-sesquioxide complexes [50]. Any
dissolved Pb that is present (e.g., low pH waters) in ground
water would tend to form complexes with several anionic
ligands and the migration of dissolved Pb in ground water
would be dependent on its form (the predominant Pb species)
in solution. For example, free divalent Pb ion (Pb**), which is
the predominant species of Pb in low-ionic strength waters,
tends to sorb on negative sites of clays and other minerals
and aquifer materials [51]. Lead concentrations in ground
water are related to differences in chemical conditions among
aquifers and aquifer systems. In humans, lead ingestion may
arise from eating lead contaminated vegetation or animal
foods. Another source of ingestion is through the use of lead-
containing vessels or lead-based pottery glazes [36].

It is not always that existence of these metals in humans
should be considered as toxic. In higher animals and humans,
the proven micronutrients include Cr, Cu, Fe, Mn, and Zn.
There is even some evidence that Cd, Pb, and Sn may be
essential at very low concentrations [4, 52, 53] although this
evidence is disputed by Vieira et al. [54] and Morais et al. [36].
However, the micronutrients which have been conclusively
proven to be essential in animal and/or human nutrition and
whose concentrations in diets are critical are Co (ruminants
only), Cr, Cu, Fe, Mn, and Zn [4].

Published results on the levels of heavy metals in mine
and non-mine workers yielded contradictory results. Mine
workers were anticipated to have higher levels of heavy metals
than their non-mining counterparts, but published results
did not support this expectation. In fact, two of the studies
reviewed found evidence to the contrary.

5. Conclusions

There is a plethora of environmental issues and concerns on
which many scientists have focused their research in past
years. In Ghana, tremendous efforts have been mobilized to
evaluate the nature, presence, magnitude, fate, and toxicology
of anthropogenic-induced heavy metals in diverse environ-
ments. The scope of this list is quite broad, encompass-
ing environmental events locally, regionally, and nationally.
Heavy metals affect aquatic and terrestrial ecosystems and
biotic and abiotic environments and impacts on plants,
humans, and wildlife, and virtually all environmental media
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(soil, water, and air). The staggering volume of scientific
literature (during the last half century) on heavy metal
contamination of environmental media and biota in mining
and non-mining environments in Ghana demands remedy by
which data can be synthesized. There is thus an urgent need
to provide the coherency essential for nonduplicative and
current progress in this field which is dynamic and complex.
This systematic review attempts to address this need and
provides a systematic categorisation of the results of studies
published from 1975 to January 2013 on As, Hg, Cd, Zn, Sb, Cr,
Fe, Co, Cu, Ni, Zn, Mn, and Pb levels in water, soil, sediment,
fruits, and vegetables as well as human hair, urine, blood, and
nails in Ghana.
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