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ABSTRACT

Twenty six hot spots of PCBs pollution in the canRegion of Ghana were investigated. Soil samplese
collected from around twenty six transformers ia tentral region. The soil samples were extractéd hexane-
acetone mixture (1:1 v/v) for 16 hours and theapttcleaned up with concentrated sulphuric acid {},+5% (w/v)
agueous potassium permanganate and copper grantihesextract was eluate with hexane: dichlorome¢h@7:3
v/v), concentrated to 1 ml, transferred into a pteaned 2 ml vial with acetate ethyl resins andtateeethyl added
to the vial to make the total volume 2 ml. This wnalyzed for PC Bsusing GC — ECD. The soils wégested
withHNG; and HCIQ acid, and analyzed for metals by Varian 235 AAf Mean concentration of th#°CB (8.17
+2.96 pg/kg) was much lower than the 25 mg/kg meoended level. THEPCB ranged between 1.32 and 12.94
pHa/kg. The mean concentration (in mg/kg) of thealmewvere Zn (94.70 £123.87) >Pb (26.68+ 37.27) > Cu
(21.63+20.51) > Al (0.70£0.38) > Fe (0.0640.03)>gA(0.0640.20). The variations in the levels of thetals were
in the order Ag >Pb> Zn >Cu >Al > Fe. Very few sitgere found to be contaminated with metals, butiekiel of
metal contamination was very low. There was noiagmt correlation between the PCBs and any of rietals.
However, significant relations were observer amenge metals. Correlations between the metals agsétbdthe
results obtained by PCA. The sources of the PCBsmatal were anthropogenic.

INTRODUCTION

The polychlorinated biphenyls (PCBs) constituteamé class of compounds produced by the partigoorplete
chlorination of the biphenyl molecule. PCBs wemstfisynthesized in 1864[1], but the commercial pitihn of
PCBs began in the United States in 1929 in respooisthe electrical industry’s need. PCBs are nduna
components of the environment. They were first fified as environmental contaminants in 1966, dyrthe
analysis of environmental extracts for DDT and tedlametabolites. The manufacture of PCBs was baimé#ie
United States in 1977, due to potential health fth2hDespite its ban in Western countries, a lgogaportion of
PCBs remain in transformers and capacitors in megtloping countries [3,4]. PCB pollution in thevieanment is
worldwide [5-9].Their unusual persistence coupleithwtheir tendency to accumulate in living organisaises
concern because of the potential adverse effeets ¢thn have on various organisms, including hunsemstheir
endocrine disrupting capacities [10-12].

The source of PCBs in developing countries has la¢teibuted mainly to the importation and use ahsformers
and capacitors containing PCB transformer oils.sEhals enter the environment through poor handiindamaged
electrical equipment, leakages, spillage duringorélling and illegal dumping of PCB containing sta in the seas
of these countries. Transformer oils have beenddoncontain some metals such as aluminum, cojnoer, lead,
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silver, tin and zinc. For example, copper would foand in the windings and also in any bronze orsbera
components. Lead is found in soldered joints, cotore and other peripheral components. Iron istitan the
transformer core and tank, whereas aluminum cafoloed in the windings, corona shields and ceraroighings.
Lugs, bolts, connectors and some peripheral compsmeay also contain tin, silver and zinc[13- 17].

Even though metals are found in all soils, it is toncentration levels that present the risk, aiglthe mechanism
of enrichment that defines the enriched environnant‘polluted”. The Earth crust comprises metatambined
with various non-metallic elements, mainly oxygewd &ilicon, distributed over the surface of thetkE4§t8]. Soil
contamination by metals may occur as a result abua mechanisms. Worldwide, the most importantrees of
metal pollution are mine tailings, smelter emissiomaste incineration and atmospheric depositidn 21]. But the
main contribution to the trace-element load in arlbap soils and dust is almost unanimously considléo be
traffic emissions derived from atmospheric depogif2].

The release of transformer oils into the environthgarticularly soil, could result in PCB and heametal
contamination. One routéa which PCBs enter soils is by accidental spills 6BPcontaminated fluids associated
with transformers and large capacitors. If the @sising from such incidents is to be understood effiectively
managed, the rate of decline in soil contaminatiarst be accurately predicted, along with the retasiignificance
of the different fate mechanisms involved [23].Tdmplication of multivariable statistical method$ecs a better
understanding for interpreting complicated enviremtal data sets. These approaches have been usmEdsully
to support the interpretation of complex field megaments and extract meaningful information frorohsdatabases
[24-28].

Some PCBs have been found in the Ghanaian envimnfb®, 29-30]. It has been established that 4551872
possible PCB-containing transformers could be fooodntrywide [31]. This study therefore seeks teestigate
and assess the level of concentrations of PCBssante metals in soils around transformer sites énGlentral
Region of Ghana, and identify the source of these/ metals in the soils by multivariate analysis.

MATERIALS AND METHODS

Sampling

The Soil samples were collected from the immedsieroundings of Electricity Corporation Ghana (ECG)
transformers in five districts in the Central Regiof Ghana in September, 2008. A total of sevemgite(78)
composite soil samples were collected from twentyddferent locations in the five districts. At éasite three (3)
composite samples were collected with a garden bawnel, at depth of O - 10 cm, 10-20 cm and 2080 Each
composite sample weighed between 880 - 950 g, ansisted of ten core samples which were collecedaomly
from each site, thoroughly mixed and sub sampledhbtain the composite. The samples were placedheléd
polythene bags and sent to the laboratory. Theywaardried, and each sample was sieved using 250ngsh
sieve. The sampling sites are shown in figure 1.

Analysis of metals

The soil samples were dried at 100 °C for 48 haurthe oven. The dried samples were passed thretagtdard
screen to remove large particles. For the digesifahe soil sample, one gram of dried and homagehsoil was
weighed and placed in an acid washed Teflon ve$hel digestion was performed with a mixture HNd HCIQ
acid. The digested samples were analyzed for m&2]sThe analytical precision and accuracy of method was
accomplished by analyzing a blank and duplicat&esgiamples. The Varian 235 AAS was used for theaimet
analysis.

Extraction and cleanup of PCBs

Ten grams of air dried soil (<250 pm) was put iatoellulose timble and covered with a layer of gla®ol. This
was placed in an automated soxhlet apparatus aratted with 100 ml of hexane-acetone mixture (@) for 16

hours. When the extraction was completed, the isneiace of the condenser was rinsed three tim#s agietone-
hexane and allowed to cool. The extract was evagdrand concentrated to 10 ml by rotary vacuum enzpr at
40°C; 50 ml of hexane was added and concentratediowe the acetone. This was then drained througimael

containing hexane - rinsed sodium sulphate and gla®l to dry the extract. The transfer was congalddy rinsing
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the vessel containing the extract followed by spdsulphate with 5 ml portions of hexane. This wesperated
and concentrated to 5 ml before clean up.

1-150"W 100w oasow
1 1 1

Nsabaa
Agona Kwanyarko
m
DSacora Park
- B Agona Swedru ECG .
@ Interborten Nurses ©
I Flat Baah LTD
Pedu Basic Chemical
u.c.c B Mfantsipim = NVTI
o Senoir High (] ©
= Brof ur %
Asante Road u
Police Depo
Elmina e
~ SSNIT Flat gl L
Elmina CI’"'CDD Mankessim ECG Apam
£ | |Elmina Marke| I:li\riankessim Station | £
’ Saltpond B
Ahamadyah
Gulf of Guinea
@ .
@) EI—_ED— Legend
‘? 0 5 10 20 E  Study Areas
= = Km

T T T
1150w 100w 0450

Figure 1: Map showing sampling sites in the CentraRegion

In order to remove co-extractive, organochlorined ather organic compounds, sulphuric acid cleamagp carried
out, as the PCB is not affected by the acid. Teliiliters of concentrated extract was transferraith three 5 ml
hexane rinses of the flask into a 125 ml separdiampel. Twenty milliliters of concentrated sulplwacid (1+1)
was added and shaken vigorously for two minutes; lgalt up was carefully discharged, and the mixturas
allowed to stand for 20-30 minutes for the phasedparate. When the sample had partitioned intadiberete
layers the acid layer (lower layer) was drained disdarded. The organic layer was rinsed with twol®f double
distilled water which was drained out and dischdrge

Five millimeters of 5% (w/v) agqueous potassium pamganate was added to separator containing theckzded
extract, this was shaken vigorously and then altbestand for phase separation. Permanganatewagedrained
and discarded. The organic layer was washed withlftvml deionized water and the aqueous layer dieda The
sample was passed through sodium sulphate in iftmdry the extract before the copper clean #33]

The copper cleanup was necessary to remove anjawsufresent which might significantly interfere kithe
GC/ECD analysis. Copper granules were rinsed watticentrate sulphuric acid, washed with water armah thith
the extraction solvent (‘hexane -acetone). Apprately 0.5 g of the freshly treated copper was dddel0 ml
extract, agitated and allowed to stand for 10 n@sutnd the extract quantitatively transferred thhoa funnel
plugged with a glass wool to remove the copper. fiitoeess was repeated and the extract obtaine@ictvated by
the rotary evaporator to 5ml. The extract was frrtieaned with silica gel [36, 37].

The column (0.75 m, 16 mm ID) was plugged with gla®ol, filled with silica gel and 2 g NaO, placed on top.
The column was pre washed with 30 ml of 3% dichioethane in hexane (v/v). Two hundred and fifty imiéter
flask was placed under the column and the solveag drained to reach the top of sodium sulphater.|aiee
concentrated extract was transferred using a gipmito the column followed by three 5 ml rinseghef sample
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flask using the pipette each time. The solvent drained to the top of the sodium sulphate and dhentn eluted
with 100 ml of hexane: dichloromethane (97:3 viMe eluate was concentrated to about 1 ml. The €lean up
extract was transferred into a pre cleaned 2 miwith ethyl acetate resins andethyl acetate addetie vial to
make the total volume 2 ml. This was stored irfagerator below 16C until GC - ECD analysis.

2.4.2  Gas Chromatography - Electron Capture Dete(E©CD) Analysis

The final extract of 2.0 ml was analyzed for PCB#&g a gas chromatograph equipped wiftli electron capture
detector GC - ECD model CP 3800. The capillary soiwsed was VF 5ms 30 m x 0.25 mm id x 0.25 um film
thickness. The GC conditions were as follows: itigec point temperature: 274C; oven temperature programme:
70 °C (hold 2 min) to 180C at a rate of 28C/min (hold 1min) to 306C at a rate of 3C/min. Temperature of
detector was 300C; carrier gas-nitrogen at flow rate: 1.0 ml/minake-up gas flow rate - 29.0 ml/min. The total
runtime was 31.368 min.

The retention time for the PCBs standard were R8B12.54 min; PCB 52, 14.161; PCB 101, 17.341 rRi@B
153, 20.14 min; PCB 138, 21.027 min; and PCB 18223 min. The identification of PCBs congenerdha
sample was conducted by comparing the retentioeginof the PCBs congeners in sample to that of (bB P
standards (Fig. 2). The concentrations of the idd@l PCBs congeners in mg/kg were calculated gnwaright
basis, and the total PCBs concentratiBR{B) calculated by summing up the concentrationsdif/idual PCB
congeners.

Assessment of metal Contamination
Enrichment Index (or pollution index) is very udefin evaluating the degree of multiple enrichment o
contamination in the environment was calculatedgisie relation:

Enrichment Index 3" [(Metal concentration)/(Permissible level of mtal
Number of metals

The Contamination factor CF is the ratio obtaingddividing the concentration of each metal in tlod by the
baseline or background value (concentration in Unfeal soil):

CF = [ Geaw metd/[ Coackground @nd Contamination degreeq(g = > CF.

The contamination levels may be classified basethein intensities on a scale ranging from 1 t®6-(none, 1 =
none to medium, 2 = moderate, 3 = moderately tngtr4 = strongly polluted,5 = strong to very stjpf = very
strong) [38].

The descriptive contamination classes with valdgs;q<8 to >32 are g 8 implies low degree of contamination,
8-20 signifies medium level contamination, 20-3%lies high contamination andy{> 32 indicates very high
degree of contamination [39].

RESULTS AND DISCUSSION

Recovery and reproducibility studies

The recovery of 0.2 ppm mix standards from the expiuplicate soil samples indicated 89% recovehjiclvwas
within the 75 -125% (100% + 25%) acceptable crtefihe precision of the analysis calculated asréfegive
percent difference (%RPD) was 8% and was withinateeptable range of £ 15%. The mean percentageesc
of PCBs from the referenced standard referenceriabteas 79%. The chromatogram of the PCB mix shathds
presented in figure 2.
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Figure 2: ECD chromatogram of PCB mix standard

The retention time for the PCB standard were P8B12.54 min; PCB 52, 14.161; PCB 101, 17.341 rRi@B
153, 20.14 min; PCB 138, 21.027 min; and PCB 18223 min. The identification of PCBs congenerdhia
sample was conducted by comparing the retentioe tsfnthe PCB congeners in the sample to that ofPG8
standards (Fig. 2). The concentrations of the idd@al PCBs congeners in mg/kg were calculated gnwaright
basis, and the total PCBs concentratiBR{B) calculated by summing up the concentrationsdif/idual PCB
congeners.

Statistical Analysis

The results of the analysis were evaluated stedibfi using Microsoft Excel 2010 and SPSS compstdtware
package version 16. The analyses were done at @n€10.05 levels. All congener data were first tbshar
normality using the Kolmogorov-Smirnov test [40]hdl Kolmogorov-Smirnov test indicated that the log-
transformed data came from a normally distributegupation.

The results of the analysis of PCBs and metalpi@gented in table 1.

The mean concentration and ranges offR€ Band metals (Tab.2) indicated that there werat@ans in the levels
of both the PCBs and the metals. THECB ranged between 1.32 and 12.94ug/kg and witktivel standard
deviation of 36.23%. The variations in the levaishe metals were in the order Ag (330%) >Pb (88%) > Zn
(130.80%) >(Cu (94.82%) > Al (54.29%) > Fe (50%heTvery wide variations are an indication of theiac
sources of these metals. The sources could beviedricular emissions, from the transformer oil, defsal into the
soils together with the PCBs or originally presenthe soils. The very large variation in the levef Ag and the
large number of measurement below the detectioit §inggest that the soils do not contain and Siggnit amount
of Ag. The Ag detected in some of the soil mightftmen the transformers. The mean concentratiorhefiPCB
(8.17 + 2.96 pg/kg) was much lower than the 25mdgkgl recommended, by the Canadian Council of 8érs of
the Environment (CCME), for the protection of emviment and human health CCMC [41]. Thus the leoéls
PCBs in the soils may not pose any significant fdsza
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Table 1: Concentration of PCBs and metals in soilaround transformers in the Central Region of Ghana

Sample > PCB (ng/kg ) Metal (mg/kg)
0-10cm 10-20cm 20-30cm mean  Ag Al Cu Fe Zn Pb
UL 7.94 55 7.14 6.86 nd 0.99 729 0.05 27.97 5.91
UA 10.77 9.71 16.14 1221 nd 048 1311 0.06 59.344.21
UCDS 9.5¢ 2.2 18.1¢ 9.9¢ nd 0.61 23.6¢ 0.4 18.3: 6.01
NF 5.23 6.98 11.06 7.78 nd 0.86 1495 0.09 33.44 .92
P 1.68 3.78 5.29 358 0.09 023 833 0.02 16,5 511.7
MSS 8.9¢ 6.2¢€ 11.62 8.9¢ nd 0.8Z 14.41 0.0t 60.3] 10.2¢
AR 11.73 11.14 11.3 1139 nd 066 13.88 0.06 38.782.66
B 3.02 2.94 9.54 5.17 nd 076 23.64 0.08 52.02 8.35
EM 8.3¢ 11.3¢ 8.7¢ 9.5C | 0.0¢ 0.3t 10.6¢ 0.0¢ 249.. 47.7¢
EC 4.24 10.06 6.13 6.81 nd 0.69 3263 0.08 56.4 2411.
ESF 4.52 11.36 8.98 8.29 nd 058 1825 0.04 102.384.26
A 8.48 10.42 8.87 9.26 nd 096 76.96 0.05 39571 .825
SA 11.84 16.13 10.84 1294 0.11 033 6.23 0.03 531.98.28
SEC 10.69 5.41 5.48 7.19 nd 0.7 12.06 0.03 29.91 89 9.
M 11.17 7.06 10.72 9.65 nd 119 236 0.07 235 8.71
MEC 15.98 6.68 3.72 8.79 0.26 022 13.85 0.04 17.117.01
AM 18.01 14.98 2.6 11.86 nd 108 39.83 0.13 538.940.02
ASS 13.26 7.42 11.51 1073 nd 1.73 7048 0.13 P40.785.3
NVTI 55 5.31 2.56 4.46 nd 0.1 456 0.01 11.33 3.19
WBL 15.68 5.78 4.13 8.53 nd 053 7.17 0.04 3855 815.
WPD 16.16 12.74 9.26 1272 nd 0.1 523 001 22.61.054
BC 9.54 5.05 7.58 7.39 nd 072 2082 0.03 3546 314.
ASEC 15.26 2.38 2.2 6.61 0.01 0.72 1953 0.04 69.033.97
ASSF 2.32 12.8¢ 5.1¢ 6.7¢ | 1.2 0.6 69.2¢ 0.07 142.6¢ 46.5Z
AN 15 1.24 1.22 1.32 nd 136 141 013 129.82 @&8.3
KGW 6.5 1.48 3.34 3.77 nd 0.75 19.19 0.03 30.14 017.
nd= below limit of detection (LOD) LOD=0.001mg/k
Table 2: Descriptive statistics
Analyte N Mean Std.Dev. Min. Max.
PCB (ug/kg) 26 8.17 2.96 1.32 12.94
Metal (mg/kg)
Ag 26 0.06 0.20 0 1.02
Al 26 0.70 0.3¢ 0.1 1.7¢
Cu 26 21.63 20.51 2.36 76.96
Fe 26 0.06 0.03 0.01 0.13
Zn 26 94.70 123.87 11.33 538.97
Pb 26 26.68 37.24 3.19 184.26

There was no significant correlation between th&#@&nd the metals at 0.05 level (Tab. 3). Howesignificant

relations were observer among some metals (Talu3hOwed significant positive correlation with Ag=0.41, p
< 0.05, n =26); with Al (r = 0.47, p< 0.05. n = 2@)ith Fe (r = 0.43, p <0.05, n=26) and with Zr=(0.58, p < 0.01,
n- 26). Also there were significant positive coatelns between Zn and Al (r = 0.58, p < 0.01, n)=&td between
Zn and Fe (r = 0.52, p <0.01, n=26); Significansifee correlation was also observed between Feldfrd= 0.75,

p <0.01, n =26). Pb did not show significant catiein with any of the metals, indicating that sfgr@int amounts
of Pb in the soilsmightbe from sources differentirthose of the other metals.

The non-significant correlation between the PCBd #me metals suggest that these metals do not haye
significant effect on the persistence PCBsor oratheunts of PCBs extractedfrom the soils; or the-existence of
any significant relation between the levels of P@QBshe transformer oils and the metals introduired the oils

through wear and tear as the transformers function.
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Table 3: Pearson's Correlation matrix for PCBs andmetals in soils around transformers in the CentraRegion of Ghana

Parameter Ag Al Cu Fe Zn Pb PCB
Ag 1 -0.159 0.408* 0.023 0.082 0.085 -0.069
P value 0.438 0.039 0.91 0.69 0.69 0.739
Al 1 0.472* 0.753**  0.304 0.19 -0.082
P value 0.15 0 0.131 0.352 0.691
Cu 1 0.428* 0.575** 0.292 0.082
p value 0.029 0.002 0.148 0.692
Fe 1 0.523** 0.25 0.014
P value 0.006 0.218 0.945
Zn 1 0.261 0.234

p value 0.197 0.25
Pb 1 0.108

p value 0.59¢
PCB 1

p value

*Correlation is significant at the 0.05 level(2-fdl)
**Correlation is significant at the 0.01 leve-tailed)

Multivariate analysis, principal component analy§CA) and cluster analysis (CA) and correlatiortriravere
used in the study to provide a better insight amderstanding of the the dynamics of the PCBd raetals in the
surface soils.Principal component analysis was fiskalving standard procedure reported in literafd2-44],for
evaluationof extent of metal contamination in thedy area and source identification, PCA was perfat on the
logarithmic form of the metal data. Varimax rotatipt2], was used to maximize the sum of the vagaotthe
factor coefficients. This technique clusters vaegahinto groups, such that variables belongingre group are
highly correlated with one another (with sum of & loadings > 0.3) were grouped into one compongre
number of components indicate the total numberogkjble sources of variation in the data. For thster analysis
hierarchicalagglomerative clustering by the Wardisthod wasselected for sample classification becatis
possesses a small space distorting effect, usesimformation on cluster contents than other mettet! has been
proved to be an extremely powerfulgrouping mechranishe method was applied to normalized data usiugred
Euclidean distances as a measure of similarity. rBsalts of the PCA (Tab 4) and CA (Fig 3) are sh@wly
factor loadings greater than 0.3 are significant.

Table 4: Rotated component matrix of three-factor nedel with strong loading in bold type-face

Component

Parameter PC1 PC2 PC3
Ag -0.14 0.93 -0.06
Al 0.92 0.09 -0.07
Cu 0.5t 0.6¢ 0.2¢
Fe 0.89 0.06 0.11
Zn 0.54 0.27 0.54
Pk 0.8¢ 0.24 0.4C
PCB -0.15 -0.14 0.90
Eigenvalues 2.36 1.44 1.34
% ofvariance 33.68 20.50 19.10

Cumulative % 33.68 54.17 73.27

The results of the PCA of heavy metal contentssdr@vn inTable 4 Three principal components (PCs) with
eigenvalues greater than 1 were extracted. PC/As lemd reduction of the initial dimension of theéadet to three
components which explain 73.27% of the data vamatiTherefore, these three factors play a significale in
explaining PCB and metal contamination in the staicha.

The components one PC1, which had high loadirigsl,o~Fe and Pb; moderate positive loading ofCu azd
accounted for 33.68 % of variance, and is the niogiortant component. PC1 could be better explaiagd
anthropogenic and lithogenic sources. Theanthragiogeource may have been derived from from transéos
andvehicular emmisions. These metals showed sigmificorrelations amongs each other (Tab 3). Tkensk
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componen PC2, which had high positive loadings gfaftd moderate positive loading of Cu, accounted®5%
of variance. PC2 can be considered as a anthromogerd derived from the transformers. Only Cu shbwe
significant correlation with Ag (Tab 3).The thirdrmponent PC3, is highly loaded with PCBs and mddbra
loaded with Zn and Pb accounted for 20.1% variaacet indicating a mixed source from both lithogeand
anthropogenic inputs. The PCBscan be considered anthropogenic component, from transformers wilend
Pb werefrom both lithogenic and anthropogenic sesildo significant correlations were observed amtigs
elements in PC3. In general, correlations betweetalsiagreed with the results obtained by PCA,

Based on information assessed from principal corapbrnalysis,hierarchical cluster analysis was queréd

[45,46]. Two mainclusters can be distinguishedhia dendrogram (Fig 3), obtained from theCA perfatroa the

analyzed parameters with Ward’s methodand the squanclidean distance as a similarity measure @jigluster

1 includes elements Ag, Fe,Al, Cuand Pb, whichhia previoussection were identified as contamindetéved

from both lithogenic and anthropogenic sources.stélu2, which containsPCBis derived from anthropége
sources, specifically from transformers.

Fescaled Distance Cluster Combine

Figure 3: Dendrogram obtained by hierarchical clusering analysis for parameters

Contamination factor (Cf)and Enrichment Index

The calculation of Contamination factor indicatedttnone of the sites was contaminated with Al,Agcand Pb.
However, three site AM, ASS and ASSP (11.54% of sites) had Cf of Cu<l implying none to medium
contamination and one site A (3.85%of the sites) hederate contaminationof Cu andtwo sites A an@& AS
(7.7%o0f the sites) had moderate contamination ZnZC Only site AM was moderately to strongly cantaated
with Zn (Cf>3). Site A and AM had mean enrichmentotient (MEQ) or enrichment Index greater than
lindicatingthat the average concentration oftheatsetere above permissible levels, and any enrichmay be
from anthropogenic input. The degree of contamima{Cd) was low since Cd < 8.

CONCLUSION

The mean concentration of th&°CB (8.17 + 2.96 pg/kg) was much lower than ther@fkg level recommended
the CCMCand may not pose any significant hazar@syJPCB ranged between 1.32 and 12.94 pg/kg. The mean
concentration (in mg/kg) of the metals were Zn 794+123.87) >Pb (26.68+ 37.27) > Cu (21.63+20.51AI>
(0.70+ 0.38) > Fe (0.06+ 0.03) > Ag (0.06+0.20) efidn were variations in the levels of the metalser€éhvas no
significant correlation between the PCBs the metdiswever, significant relations were observer aghgome
metals. Multivariate analysis indicated thecoriiela between the metals agreed with the resulirdd by PCA;

and the sources of the PCBs and the metals weheopogenic.The mean enrichment quotient indicatedihe
average concentrations of the metals were aboweiggible levels but the degree of contamination lvas
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