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Abstract

The hydrochemistry of the Ayensu river basin in ttentral Region of Ghana has been established. The
methodology consisted of physicochemical sampling &boratory analysis of both groundwater andamaf
water resources in the Basin and basic statisdicalysis of the laboratory results.. Generally,gfmindwater is
weakly acidic with a mean pH value of 6.33+£0.01d high electrical conductivity and TDS values ie tlange,
297.65 to 6011.0 and 100.85 to 2746.0 respectifdisgee main hydrochemical facies have been idedtif the
basin. These are Na- Cl, Ca- Mg - Cl and Ca - M, water types. Groundwater is to a large extentlpeta
However, approximately 24% and 22% respectivelygodundwater samples had chloride and sulphate
concentrations slightly exceeding the respective QVrlaximum acceptable limits for drinking water. The
concentrations of aluminium, iron and manganeseevtiee only minor ions that significantly exceedédirt
respective detection limits. Nearly 43% of the gmwater samples had the®Aconcentrations exceeding the
WHO acceptable limit of 0.2 mg/l for drinking watavhich reflects the acidic nature of the groundralhe
main geochemical process influencing the hydrockegnof the Ayensu river basin is mineral dissaanti
Keywords Groundwater quality, hydrochemistry, Mineral disgion, Central Region Ghana.

1. Introduction

The availability of freshwater is one of the grésgues facing mankind today- in some ways the gstat
because problems associated with it affect thes lafemany millions of people. The rapid growth afpplation
coupled with steady increase in water requiremétsagricultural and industrial development havepased
severe stress on the available freshwater resoimrdesms of both the quantity and quality, requiriconsistent
and careful assessment and management of waterrcesofor their sustainable development (Mook, 2000
Realizing that most surface water resources areitpd| the government of Ghana has shifted atterftiom
developing surface water resources to groundwaissurce development and to supply communities rial ru
areas because of the anticipated high cost of ingegbolluted surface water resources. Consequently,
groundwater has become the principatl @ometimes the only source of rural water supply domestic,
drinking, agricultural and industrial use in modt the rural communitiegKortatsi, 2007). The chemical
composition of ground water is controlled by maagtéors, including composition of precipitation, exalogy
of aquifers, climate, topography and anthropogantovities.

These factors combine to create diverse water ceitiguos that vary temporally and spatially. Additadly,
these factors may lead to contamination of grourmtew with diverse constituents, resulting in severe
environmental and socio-economic problems (Kumat Riyazuddin, 2008). Groundwater is generally less
susceptible to contamination and pollution when parad to surface water bodies (Zaman, 2002). Aigo t
natural impurities in rainwater, which replenisligeundwater systems, get removed while infiltratihgbugh
soil strata (Veslind, 1993). Acidic groundwater mexycourage dissolution of minor and trace elemsuth as
Al, As, Mn, and Fe from most minerals if they aregent in the rock matrix and render the groundemansafe
for drinking (Kortatsi, 2007). It has therefore cbene imperative to assess the physical and cheipidity of

the groundwater in the Ayensu Basin. The majorahje is to establish the hydrochemical faciehimarea and
the possible sources of the various ions in growateiv

2.0 Thestudy area

The study area is located in the Central RegioBhna (Fig. 1). The area covers approximately 1kr6%and
lies between latitudes®8L50'N - & 00'N and longitudese800'W - @ 450'W. The Ayensu River takes its source
from the Bunsu Hills, an extension of Atiwa Ranffem where it flows generally southward to the sEae
Ayensu Basin is bounded on the east by the wedietmdary of the Densu Basin, on the north by the
southeastern boundary of the Pra Basin, on the byetite eastern boundary of the Ochi-Nakwa Baginthe
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south by the Gulf of Guinea. (WRMS, 2008).

The basin has a varied climatic and vegetationattaristics. The upper reaches of the Ayensu fahimthe
moist (humid) semi-deciduous rainforest zone withwa peak rainfall regime of an average annualfadin
ranging from 1,370 to 1,650 mm. The central andtwm coastal areas, however fall within the drygimal
Forest- Savannah Transition zone with an averagaamainfall of some 1,145 to 1,650 mm and the-Buimid
Coastal Savannah Zone with an annual average ltaiafiging from 750 to 1,150 mm, respectively. Thiyinal
vegetation cover of the basin consisted of moigrgreen forest at the summits of the Atiwa rangeshe
headwater areas, the moist and dry semi-decidumlish@ marginal transition forest in the middleibakrough
to the coastal sub-humid savannah with scrub thiakd grasses to patches of mangrove swamps afghdgt
along the coast (WRCS, 2008).. Most of the foreat wpened up for cocoa cultivation which is cutgent
replaced by intensive bush fallow food crop culiima (cocoyam, plantains, cassava, maize, vegetpbled olil
palm plantation development ( WRMS, 2008). The inebforest cover is almost completely eliminatd@the
present cover consists of small areas of secorfdeggt with low bush fallow re-growth in the foresieas and
grasses in the coastal zone. Large numbers oécatt! known to be kept on the coastal plains wdvleonut
plantations occur behind the beaches.
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Figure 1 : Map showing the catchment areas a of the Ayensu River
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3.0 Hydrogeology of the area
The Ayensu Basin is predominantly underlain by C&uast granite complex consisting largely of gesit
schists, and gneisses which has resulted in thareece of such soil groups as Forest and Sava@ohtosols,
and Forest and Savannah Lithosols on the uplandi$-arest and Savannah Gleisols within the valleyoloas.
There are however, small areas within the northaedtsouthwest (Winneba area) underlain by uppemizin
basic rocks which give rise to the occurrence ofaBaah Ochrosol- Rubrisol Intergrades and TropBlatk
Clays. Within the northeastern and southeastertioss¢ there are limited areas underlain by metaimosed
sediments of the Togo and Voltaian systems congigif mainly of quartzites, sandstones, and congtates.
(WRMS, 2008).

The hydrogeological conditions prevailirg governed by the geological and tectonic strestof the area.
The Sediments posses primary porosities and alge dequired variable secondary porosity and peritigyab
through jointing, fracturing and shearing along ethdecomposition and weathering have taken plabhesd
porosities help in the storage and flow of wateth® wells. The Crystalline rocks particularly Gtaius on the
other hand do not posses any primary porosityhbwe acquired secondary porosity and permeabiiityugh
fissuring, which is the main reservoir for groundevastorage and channel for transport of groundwatehe
wells.. The deep ground water taps into theseurast The Ayensu basin the rocks are relativelyendeformed
to allow mobility of fluid that aids the weatheringhe area is very hot and humid and the preseegetation
cover also contributes to the decay process ofdbles. Hence these factors lend themselves togivia basin
a relatively higher rate of weatherability than gambasement and sedimentary rocks found in gpteres in
the country (WRCS, 2008).

4.0 Materials and M ethodology

A total of 54 water samples were collected, cosipg 42groundwater samples from deep boreholes
fitted with pumps and shallow hand dug wells andstifface water samples collected from the main syen
river, its tributaries, a pond and 2 dams. The wssenples were collected on 14th and15th Janu&t9 &0the
dry season and on 13th and 15th May 2010. The veaples were collected in 500 tatid-washed high
density polyethylene sampling bottles after filbgrithrough 0.45um filters on acetate cellulose vaithand
operated vacuum pump. The filtered water samplesnietal analysis were acidified with 1% HR@ keep
metals in solution. The water samples were analyaeithe field for temperature, pH, electrical coatiity
(EC), total dissolved solids (TDS) and salinityingspH/conductivity meter (CyberScan PC6000) vaitglass
electrode (APHA, 1995). Alkalinity titrations werarried out at the sampling sites with 0.16 bS58, using
HACH Digital Titrator Model 16900.

All samples were transported to the laboratory ide-filled coolers, and kept refrigerated at
approximately 2 C until analyzed. In the laboratory, Nand K were determined using flame photometer?*Ca
and Md" by EDTA titration and the trace metals ( Fe, Mn, Zn, Cu, Cr, Cd) were determined using atomic
absorption spectrometer. The anions { SID%, NO; and PQ* ) were analysed using Dionex ICX- 90 lon
Chromatography system. Later titration was useana@lyse for chloride (Ql PQ;* and SQ* were determined
using spectrophotometer. The ionic balance wasméted for the results of the major cations andasiand
the results are presented in Appendix A table 3.dHothe water samples analyzed the ionic balarmréed
between -3.63% and 5.94%.

5.0 Resultsand Discussion
5.1 Summary statistics

A statistical summary of hydrochemical parameteeasured in the 42 groundwater samples is presanted
Table.1 and the actual results are presented iarafipes 1 and 2.
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Table 1. . Statistical summary of the parametetsrdhined in the 42 groundwater samples

ITERM Min. Max. Mean Median Std  WHO guideline limit
Temp. 21.95 29.40 26.61 26.83 1.34

pH 5.38 8.38 6.33 6.09 0.68 6.5-8.5
EC 297.65 6011.00 1168.68 998.22 904.37

TDS 100.85 2746.00 590.26  474.93 449.63

Alk 10.95 59.20 24.15 22.23 10.55

Ca 6.36 623.00 74.38 56.70 90.47 200.0
Mg 6.08 302.10 37.71 25.72 46.29 200.0
Na 24.00 363.83 86.08 63.65 66.99 200.0

K 2.80 30.67 8.14 6.75 5.21

HCO3 14.97 72.22 30.87 28.99 11.93

Cl 73.80 1680.14 244.27 189.00 254.6250
SO4 31.03 482.99 106.91 81.90 77.02250
NO3 0.00 155.28 32.46 16.56 40.53 50

PO4 0.00 17.75 1.81 0.23 4.18

Zn 0.00 0.39 0.10 0.07 0.09 3.00
Cu <0.003 0.35 0.04 0.01 0.09 2.00
Fe <0.006 1.67 0.46 0.17 0.55 0.300
Cr <0.001 0.01 0.01 0.01 0.00 0.050
Cd <0.002 0.08 0.07 0.06 0.03 0.030
Mn <0.002 0.39 0.06 0.03 0.09 0.500
Al <0.030 0.37 0.22 0.27 0.12 0.200
Salinity 0.13 1.42 0.51 0.43 0.29

The groundwater pH is in the range 5.033 — 8.38th wie mean and median values of 6.33 and 6.09,
respectively. The groundwater is slightly acidichwnajority of the samples (over 80%) lying withhre range

4.5 to 6.9 thus within natural water pH range 4Bd 9.0 (Langmuir, 1997). The electrical conduittivalues

are in the range 297.65 — 6011.0 uS*awith mean and median values of 1088 puS'and 980.3 uS ch
respectively. About 93% of the groundwater samplage TDS values less than 1000 mg/l recommended for
domestic water which are classified as fresh w4 O, 1996). The TDS values range between 100 argll
2746 mg/l with a mean of 570 mg/l and median valfié64mg/l. There were three exceptions. Threeles

at Gyangyanadze, Alabla and Brahabekume had Th&waf 1222.5 mg/l, 1456.0 mg/l and 1291.0 mg/l
respectively. Gyangyanadze is near the coast, A&dalalso not far from the coast but Brahabekunfigrisland.

In most of water samples (>75%) Nghows a clear dominance but in few cases eith&ra@a?* appear to be
the dominant cation. Naanges from 24.0mg/l to 363.83mg/l with a mea8&08. The dominant anion in the
samples is Clfollowed by SGQ*, HCO, and then N@. CI varies from 73.801mg/l to 1680.1mg/l with a mean
of 244.3mg/l. approximately 24 % of the water sasptxceeded the permissible levels of 250mg/l foio@
(WHO, 2008). Nearly 22% of the groundwater samplase their N@ concentrations exceeding the WHO
maximum acceptable limit of 50 mg/l. This may cahsealth problems for infants using such watersoasce of
drinking water.

5.2 Hydrochemical facies
The chemical composition of the water samples ftieenAyensu Basin is shown on the phase diagrang.ir2f.
Most of the boreholes and hand dug wells and samface waters cluster towards Na - Cl and Ca - Mg -
section. A few show Ca - Mg - Q@ater type. Some of the surface waters and a fawl ldug wells plot mainly
in the mixed water type where there is neither ¢ami cation nor anioriThe ionic dominance pattern of the
groundwater samples were
Na> Ca> Mg > K and CI >SQ,* > HCO; >NOs5.

From figure 3 it is realized that about 40¢4h® water samples have MgNa" + CI) ratio within the range
0.5+ 0.1 or plot along or close to 1:1 line in*Narsus Clgraph suggesting that either sea aerosol or halite
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dissolution is partially responsible for Nim the groundwater. The geology of the study d&@aever does not
associate halite with the rocks in the area imglysea aerosols is partially the likely source of iNahe
groundwater.

EXPLANATION
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Figure 2. Phase diagram for water samples fromiykau Basin
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Fig. 4: Relationship between €a Mg* - (HCO; + SQ?) versus Na- CI for the groundwaters of the Ayensu
Basin
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Fig. 6 CI/CI + HCG; as function of TDS showing some hydrochemical gsses influencing groundwater
chemical evolution.

About 57% of the water samples plot below and afwasn the 1:1 line suggesting reverse ion excharga a
major process responsible for chemical evolutiogroindwater in the Ayensu basin. These water sssripve
their TDS values greater than 600 mg/L. A few saslot above the 1:1 line in Na versus CI graplicating
other Na sources such as cation exchange or alusilioate dissolution (Kortatsi, 2007). The souofeCl- may
be from atmospheric inputs. Concentration of thiess in the soil zones as a result of evaporatiay ive
responsible for the NaCl waters in the area. A ipbsssource of Nais albite weathering as shown in the
equation below:
2NaAlSkOg + 2CG, + 11H0 — Al,SibOs(OH), + 2N& + 4H,SiO,

(Albite) (Kaolinite)

Fig 4 is a plot of C& + Mg®* - SO - HCO; (meg/l) versus Na- CI' (megq/l) for groundwater samples in the
Ayensu river basin. The plot shows a negative lineend with a slope of more than unity (- 1.14jhwsome
plotting close to the zero value on the x-axis. @¢xding to Jankowski et al, (1998) waters undergdiogy
exchange would plot along a line whose slope ishile waters plotting close to the zero value amxkaxis are
not influenced by ion exchange. Thus, as seen gn 4 ion exchange process alone is not controliivey
groundwater chemistry in the area. The other ptesgitncesses like silicate weathering and haligsalution
may also be taking place. The MgMg®* + C&") equivalent ratio for approximately 36% of the gdes is
greater than 0.5, suggesting silicate (mainly,dier@gnesian mineral) weathering is likely (Hounsld@®95).
Normally, the dissolution of the carbonate miner&lgalcite and dolomite can be written as follofMete and
Cheng, 1996):

CaCQ + H+ = Ca+2 + HCQ{ (1)
(Calcite)

CaMg(CQ), + 2H" = Cd* + Mg +2HCQy --------- @)
(Dolomite)

If dolomite dissolves according to equation 2, thelar proportions of [Ca + Mg] to [HCO3] should leear,
with a slope of 1. However, most of the water sawpdo not follow the trend predicted by the dolemit
dissolution model and are highly enriched in cattiand magnesium relative to bicarbonate ([Ca + Mg]/
[HCO4] > 1). This reflects that additional sources of @ad Mg exist within the subsurface. Gypsum
(CasSQ.H,0) and anhydrite (CaSpare not known to occur in the rock matrix in tAgensu basin. The
predominance of sulphate and chloride over bicaatemin the groundwater indicates that other presesse
controlling water chemistry in this area (Al-AmB008).

The mechanism controlling chemical relagioips of groundwater based on aquifer lithologg baen
studied following Gibbs (1970). Fig.5 and 6 repr@sGibb’s plot of groundwater quality data of Agerbasin.
The Gibbs ratio for the ions Na/ (Na + Ca) and(Cl/+ HCG;) of groundwater samples were plotted against the
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respective values of TDS. The plots indicate thatarthan 90% of the groundwater samples fall inrtek

dominant category (rock weathering) and the ratifi the evaporation field. Rock dominance of mofsthe

samples is caused by the interaction between thiéeagocks and groundwater ( Kannan and Sabu,20T@g

sources of C&, Mg**, F€* and K could be due to the weathering of plagioclase felds (anorthite, biotite,
hornblende and pyroxenes) that are componentgeajrianitoids, schist and gneisses (the granitegpithat

underlain the Ayensu basin.

5.3 Minor and trace ions

Aluminium, iron, zinc and manganese showed conagatrs significantly above their detection limits i
most of the water samples.?Aion varies in concentration in the groundwater gasfrom < 0.030 mg/|
to 0.366 mg/l with a mean value of 0.222 mg/I.

Most of the water samples had thé"Abn concentrations below detection limit but apgmately 43% of
the samples had &lconcentrations above the WHO maximum acceptatvii¢ ¢if 0.200 mg/l for drinking
water (WHO, 2004). Fe concentration varies fron086.mg/l to 1.47mg/l with a mean value of 0.27 mg/l
and median value of 0.168 mg/l. Approximately, 1@¥the groundwater samples have theif*Fe
concentration greater than the WHO guideline marimalue of 0.300 mg/l. This does not pose major
aesthetic problems to groundwater usage for dompstiposes in the Ayensu Basin. ¥Mioncentration
varies < 0.002 mg/l to 0.391 mg/l with a mean vaiti6.055 mg/l. The Mfi concentration of all the water
samples in the Basin are below the WHO permisdibié for portable water of 0.300 mg/l. Thus the
manganese concentration in the groundwater doepaset any major quality problem in the Ayensu river
basin. All the water samples have“Zooncentration below the WHO limit of 3.00 mg/I.

6. Conclusions

The study assessed the groundwater and surface quathity in the Ayensu river basin in the centredion of
Ghana. Analysis of the hydrochemical survey dadanfgroundwater in the study area revealed thatwiters
are slightly acidic with mean pH value of 5.41. 24%a 22% of the sampled groundwater recorded cldand
sulphate concentrations respectively, exceeding\ii¢O permissible limit for portable water. 7% ofeth
groundwater have TDS greater than 1000 mg/l whidhicates saline water bodies whilst the rest alessiied
as fresh water. Three major water types have stified, which are Na —Cl, Ca—Mg—~Cl, and Ca—Mg—
SO4.

The data points on the Gibbs diagram, suggestsgt@indwater chemistry is controlled by rock weaithg and
to a less extent by evaporation. Thus chemicalkoi@an of minerals in the various aquifers is thammaocess
influencing the hydrochemistry of the Ayensu basin.
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Appendix 1: Physicochemical parameters of wakr samples in the Avensubasin

D TYPE pH TEME. EC TDS ALK ©C: Mz MNa K Cr 807 HCO; NO, PO CBE%
Cjobi BH 713 2635 16012 8563 2100 1084 1215 3050 1040 50536 1530 2562 31748 076 419
Djobi EDW 741 264 13008 63682 5820 S5B4 728 1400 720 18R 6BESE 72224 BOSTE 500 060
Ojobi SW 766 270 S0R12 $4012 5280 2880 802 BOO 350 13167 1037 6040 0000 168 572
Ojobi SW 670 2705 5867 35032 000 560 OTE 3575 375 S7TOR 701 1008 D4515 084 337
Kwaikrom BH 673 2708 12539 677.04 1520 5330 2253 025 2123 23545 6778 2367 3353 000 088
Kwaikrom HDW 676 266 10427 56537 2187 7B40 2430 240 1040 1880 B1® 3221 180 042 224
Kweilrom HDW 693 204 10083 45203 2610 8640 1361 590 480 1880 B1® 2618 200 021 418
Graneysnadze BH 772 2815 2043.F 12225 2407 8696 2057 3638 1520 6336 1682 2066 2001 000 252
Gyehadze SW 743 287 T06S 44207 1627 3320 TR 780 350 1300 685 1852 12083 081 203

Adavulowa 5w B43 1763 4841 19013 3147 2430 T.BD 3355 640 645 104 3037 361 0687 071

Adavulowa 5 810 261 131.00 B41.8 4523 3000 B15 62.0 1460 1040 406 5517 5741 0212 149
Domninass HDW B3 269 1222.8 7651 5267 B6OD 1700 1120 440 1598 1350 5641 B39R T265 52D
A Kwabanya EH 6.88 2647 13388 Til3 3067 20 4B .5 B2 27R3 B514 4231 1553 000 -108

A Kwabanya EH 6.68 1723 12650 6835 2453 B2OD 2673 433 440 1928 5448 2870 1190 Q61 5.

A Kwabanya 5w 758 2457 TRT.E 4014 4560 5406 201 %260 150 1408 3005 5550 0158 0063 1.74
Ofazo EH 6.00 220 1301.7 662.7 2060 B30 41.1F &46 3.75 250.0 Bood4 1517 520 00D 505
Danlowa BH 612 255 2801 4401 1900 507 6075 520 11.80 1227 4082 2318 262 018 4463

Fianko EH 570 2835 11985 G1RBR 2020 750 4640 R3O0 13680 2614 704D 2044 BD2S 037 3123
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Appendix 1 continued

Penin BH1 5984 2687 16050 B350 4680 1351 51.15 1227 3067 3668 13946 571 6.7 1.03 5.0
DPenin BHX 570 2667 ©2B03 5150 27T.BD B333 5657 R34 BES 2827 ©oRsD 3301 B454 1BD 0 350
DPenin 5w 590 1547 TILE 3744 2340 4475 1377 199 250 D19 3B33 2RSS 75 00D 403
Osimpo BH 6.07 276 12600 6058 2720 471 475 1065 610 2419 79030 3676 1264 1020 004
Oszimpo W 5.74 1038 5531 26BRF 3670 5010 182 513 430 127R 30.BF 3424 0921 022 00D
Avenzmko EH TR 176 Bp6.E  51B4 616 162 1240 630 1466 1180 4612 16 222 536
A Tekyaman BH 5.6 8.6 421 4445 1707 5377 2367 6B0 0 1220 15313 600 20E2 1178 213 5.32
Kwakwa W TRET 273 1863 1604 1533 4091 527 309 420 B402 4RO 1RBT1 16 Q0B 317
Mankrong-N 5w B1B 277R 4407 2520 14463 19221 Q42 B35 170 4835 1511 1744 1744 1212 317
Obosomass W 658 279 4164 35150 1280 3349 200 370 650 B2 BIOD 1B43 507 07T 4590

Obroomass EH 6.26 2475 6443 1TED 2847 35900 238 3100 440 OD4D 8034 3302 2320 B3R 18R
L]

Evesilomiwa BH 604 244 1651 6B6T 3193 9717 1431 5T 080 1540 2140 3220 015 0K 363

Menzalowa EH 601 2613 13573 725 2400 6400 17R 9210 670 1801 1310 2603 0195 00D 337
Ezzallowa EH 504 244 OTDOD 46390 1095 343 247 T84 530 1250 1370 1776 000 1775 4.67
Amanfor EHI 564 2617 7750 3819 1561 5746 313 460 340 1235 1530 1627 1624 132 158
Amenfor BHX 536 1273 ogv.l 300 4000 &0 520  6l3 5.B0 1600 1900 4BE  Q00R 105 3.67
Namanwum BH1 5392 2705 4002 1734 1707 350 150 337 44 8022 680 2205 7T.057 000 204
Namanwura BHI 591 260 3118 1009 2507 330 239 2B3 575 T3E0 6RO 3047 4006 1775 371
Ohisw s BH 5.538 271 6039 2306 1B76 367 133 570 T2 1320 TeD XL 1087 1324 4.39
Doam BH1I 5981 2643 35319 201.0 1820 2B.OD 134 570 1030 1200 420 2354 B22 21347 115

Appandix 1 continued

Fanymnko EHI 5.1 262 TROG 4023 1227 31 B4 400 9090 1123 3105 1111 634 000 448
Kanyanko BH2 576 264 7307 315 11.07 400 212 270 280 B7TOR 963 2130 424 0.0 110
Fenti-Bawjwase BH1 647 2145 0BDS 4367 1465 5300 423 450 460 21BD 5335 2005 2341 o0BE 1.7R
Fanti-Bawjwase BHZ 386 247 TB74 3527 1180 433 31.8 628 710 2104 &4 1612 0124 0.00 1.1%

Kefikum EH .30 1653 4240 100 430 570 9005 5420 2061 1631 000 106

[
1

i

L

Ea

et

Ba

[

5 B
.

Obovambo HDW1 697 271 12713 3

1 1587 5670 414 BDG 6BD  19BS5 000 3156 021 000 204

Oorea mibo HDW2 588 270 2977 3335 2027 530 313 5B T30 160B OBD 2473 2435 041 316
Oboya mibo HDW3 7.06 267 4646 1301 2400 3300 318D 482 3T0  17B4 6700 202E OOD6 056 393
Ofcaclrom EH 6.26 2605 TR6D 1B46 1227 31.F 4120 D20 340 210D B235 1497 500 051 519
Bewadze EH 654 2F9 15118 3006 2260 D040 6423 1TRO 153 4055 1BDT 4136 1600 00D 47D
Adatea EH 7.18 260 11416 14560 1987 2650 6600 1200 540 3160 1640 2424 168 510 -DB6
Topiaze EH 58 17T 28140 &8T5 1BTR 4770 10B1 595 Bep 4023 T6B6 2408 2504 03231 1.6B
Brhabslums EH 607 272 60110 12010 2B76 6230 3021 1500 4.8 16804 483.0 3RBF 2504 000 405
Eyerebualone  BH 636 24 6TET 2746 2BE 31 212 310 640 BGS 337 3514 4140 3323 524
Aszshrelowa W 670  2B15 6356 2607 2400 322 217 613 630 1300 B4905 2028 OB0 510 422
Folroln EH 551 268 10126 4860 2500 636 4164 BREOD 690 2084 53F 3172 010 00 1.R2

Concentrations inmg-1, pH in pH-unitz, EC in pScm-1, TDS in me'l, Temperatura in °C. 5W : surfaca water, BH: Borshols . HDW Hand dug wall, BA ‘River Aysnzu
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Appendix 2: Trace metal concentrations of groundwat the Ayensu Basin
ID TYPE Fe Cu Zn Cr
Cd Mn Al
Ojobi BH 1.20 <0.003 0.006 <0.001 0.002 0.101 0.32
Ojobi HDW 0.44 <0.003 0.091 <0.006 0.058 0.035 <0.030
Ojobi POND 0.524 <0.003 0.141 <0.006 0.082 0.16 <0.030
Ojobi SPRING 1.554 <0.003 0.056 <0.006 0.079 0.03 <0.030
Kweikrom BH <0.006 0.054 0.0177 <0.006 <0.002 <0.002 <0.030
Kweikrom HDW1 <0.006 <0.003 0.007 <0.006 <0.002 <0.002 0.315
Kweikrom HDW2 <0.006 <0.006 0.017 <0.006 <0.002 0.011 0.239
Gyangyanadze BH 1.465 <0.003 0.0273 0.003 <0.002 0.006 0.438
Gyehadze DAM 1.67 0.016 0.3006 <0.006 <0.002 <0.006 <0.030
Adawukwa RA1 0.989 <0.003 0.073 <0.006 0.081 0.016 0.107
Adawukwa RA2 0.01 0.028 0.151 <0.006 <0.002 0.353 <0.003
Dominase HDW 0.475 <0.003 0.06 <0.006 0.073 <0.002 <0.030
A. Kwabenya BH 0.038 <0.003 0.0177 <0.006 <0.002 0.041 0.211
A. Kwabenya BH 0.044 0.003 0.1028 <0.006 <0.002 0.034 <0.030
A. Kwabenya SwW 0.311 <0.003 0.086 <0.006 0.081 0.048 <0.030
Ofaso BH 0.117 <0.003 0.059 <0.006 <0.002 <0.006 <0.030
Dankwa BH 0.045 <0.003 0.0716 <0.006 <0.002 0.003 <0.030
Fianko BH <0.006 <0.003 0.0651 <0.006 <0.002 <0.002 <0.030
Appendix 2
continued ,
Penin BH 0.027 <0.003 0.0513 <0.006 <0.002 <0.002 0.030
Penin BH 0.116 <0.003 0.002 0.005 <0.002 <0.002 0.354
Penin SwW 0.876 <0.003 0.057 <0.006 0.081 0.034 <0.030
Osimpo BH 0.009 <0.003 0.0349 <0.006 <0.002 <0.002 0.262
Osimpo SwW 0.605 <0.003 0.125 <0.006 0.078 0.17 0.101
Ayensuako BH 0.233 0.353 0.05 <0.006 0.065 <0.002 <0.030
A.Tekyeman BH 0.045 <0.003 0.0716 <0.006 0.002 0.00 <0.030
Kwakwa RA 1.385 <0.003 0.101 <0.006 0.047 0.149 0.00
Mamkrong=N RA 1.243 <0.003 0.062 <0.006 0.074 0.024 0.073
Obosomase SW 0.049 0.01 0.092 <0.006 <0.002 0.008 <0.030
Obosomase BH <0.006 <0.003 0.194 <0.006 <0.002 0.027 <0.030
Kwesikumkwa BH <0.006 <0.003 0.098 <0.001 )<0.002 0.043 0.321
Mensakwa BH <0.006 0.004 0.101 <0.006 <0.002 0.276 <0.030
Esselkwa BH <0.006 <0.003 0.146 <0.006 <0.002 0.06 <0.030
Amanfor BH1 <0.006 0.006 0.172 <0.006 <0.002 0.016 <0.030
Amanfor BH2 <0.006 <0.003 0.012 <0.001 <0.002 0.011 0.301
Namanwura BH1 <0.006 <0.003 0.332 <0.006 <0.002 0.101 <0.030
Namanwura BH2 <0.006 <0.003 0.361 <0.006 <0.002 <0.002 0.279
Ohiawanwu BH <0.006 <0.003 0.067 <0.006 <0.002 0.391 0.308
Doato BH <0.006 0.028 0.151 <0.006 <0.002 <0.002 0.362
Kanyanko BH1 <0.006 <0.003 0.18 <0.006 <0.002 <0.002 <0.030
Kanyanko BH2 <0.006 0.015 0.388 ,0.006 <0.002 <0.002 <0.030
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Fanti-Bawjwase BH1 <0.006 <0.003 0.116 <0.006 <0.002 0.012 <0.030
Fanti-Bawjwase BH2 <0.006 <0.003 0.107 <0.006 <0.002 0.011 <0.030

Kofikum BH <0.006 <0.003 0.15 <0.006 <0.002 <0.002 0.052
Oboyambo HDW <0.006 <0.003 0.032 <0.006 <0.002 0.027 0.25
Oboyambo HDW <0.006 <0.003 0.058 <0.001 <0.002 <0.002 0.309
Oboyambo HDW <0.006 <0.003 0.056 <0.001 <0.002 <0.002 0.258
Okaekrom BH 0.099 <0.003 0.26 <0.006 <0.002 0.065 <0.030

Bewadze BH 0.046 <0.003 0.0191 <0.006 <0.002 0.00 <0.030

Adabla BH 0.219 <0.003 0.0462 <0.006 <0.002 0.00 <0.030

Topiase BH <0.006 0.005 0.142 <0.006 <0.002 0.01 0.279

Brahabekume BH <0.006 0.006 0.126 <0.006 <0.002 0.037 0.366
Kyerebuakwa BH <0.006 <0.003 0.021 <0.001 <0.002 <0.002 0.307
Asabrekwa SW 0.034 <0.003 0.129 <0.001 <0.002 <0.002 0.201
Kokroko BH 0.018 <0.003 0..035 0.009 <0.002 <0.002 0.272
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