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High water demand for domestic use in the Douala urban city with over 3 million inhabitants is met
mainly by shallow groundwater through shallow wells, boreholes and springs in Pleistocene alluvium
and Pliocene sand deposits. Chemical controls and recharge process of the groundwater have not been
thoroughly investigated. Accordingly, this study examines the main controls on groundwater
composition and spatial view of its contamination, timing of recharge and link between the recharge
process and quality of the water. Conventional field measurements in January 2015 were followed by
analysis of major ions and stable hydrogen and oxygen isotopes in 52 water samples. A significant
range of EC values from 15 to 6890 pS/cm in both surface water and the groundwater suggests various
controls on the chemical composition of the water. Low pH values in the groundwater from 3.671 to
6.92 with an average value of 5.84 indicate an acidic aquifer. The water types were Na-Cl, Ca-Mg-SO
,~C1l, Ca-Mg-HCO, and Na-HCO, with the Na-Cl water type being the most dominant in shallow open
wells, boreholes and springs. Despite the nearness to the sea, only the River Wouri and few
groundwater samples were strongly affected by salinization. Nitrate, which exceeded the WHO guide
value of 50 mg/1 in 22 % of the groundwater, poses a health problem, particularly infant
methaemoglobinaemia. Mass ratios of C1/Br in the groundwater ranged from 54 up to 3249 (with an
average value of 652). The ratios scattered mostly along the mixing lines between dilute waters,
septic-tank effluent and domestic sewage. The majority of samples especially the high NO,” shallow
open wells clustered around the septic-tank effluent end member. This cluster indicates that
shallow groundwater in the urban city of Douala is highly contaminated by seepage from the numerous
and widely distributed pit latrines. The stable isotopes in the groundwater indicated its meteoric
origin and rapid infiltration after rainfall. Most groundwater samples plotted between
precipitation in the months of April and August along the Douala meteoric line showing no isotopic
signatures of the most depleted and heaviest September to October monsoon rains. The narrow plot
suggests a timing of the main recharge between the April and August rains and no considerable
variation in recharge conditions during the hydrological year. The 60 values showed narrow ranges
and overlaps in rivers (-3.10 to -2.13 %), springs (-3.09 to -2.99 &), shallow wells (-3.79 to
-2.47 %), and boreholes (-3.53 to -2.88 &) with an even spatial distribution. These observations
depict hydraulic connectivity, good water mixing and a homogeneous aquifer system mainly receiving
local diffuse/direct uniform areal recharge from rainfall. The rapid and diffuse recharge through
the permeable alluviums and sands favour the leaching of effluent from the pit latrines into the
aquifer system; hence, the high NO;” and C1" in shallow wells. Based on ionic relations, the
groundwater chemistry is mainly controlled by silicate weathering, ion exchange and leaching of
waste from pit toilets. Drilling of deep boreholes is highly recommended.

Keywords: groundwater chemistry, Cl/Br ratio, waste water contamination, environmental isotopes,
diffuse groundwater recharge, Douala-Cameroon
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Groundwater quality is a critical problem in the Kathmandu Valley, Nepal. The population of the
city increased by 6 times in the last six decades and more than half of water demand depends on
groundwater source. Microbial and nitrogen contamination causes loss of water resources,
nevertheless, understanding of ammonia and nitrate source and contamination process in groundwater
system. Objective of this study is to identify the source and contamination processes of the
ammonium and nitrate in the groundwater.

Groundwater samples were collected from 32 shallow dug wells, 7 tube wells and 5 deep tube wells in
September 2014 and August 2015. About 87% and 60% of groundwater exceeded WHO guideline values for
ammonium and nitrate concentrations respectively. Nitrogen isotope values of ammonium suggest that
natural soil production from lake sediments layer in the valley is main contamination sources for
deep and shallow tube wells. In case of dug wells are contaminated by soil production with sewage
nitrogen. And nitrogen and oxygen isotopes in nitrate suggest the sewage is main contamination
sources of shallow dug wells and denitrification occurrence in shallow groundwater.

Ammonium nitrogen isotope values are shows less than 10%. On the other hand nitrate isotope values
are above 10%, these differences of ammonium and nitrate-nitrogen isotope values are suggests the
nitrate contamination sources are only sewage with out nitrification by ammonium originated from
natural soil. The ammonium stored in groundwater body with out nitrification and denitrifications.
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In Sri Lanka, solid waste management is mainly focused on waste collection and dump into open
dumpsites. The leachate produced from these dumpsites often pollutes surface water and groundwater.
Identification of temporal variation for leachate and groundwater quality is an important factor
when installing leachate treatment systems, since water quality depends on many factors. In this
study, an open dumpsite was selected from wet zone, Sri Lanka, and its perched water inside waste
layer and groundwater quality were monitored for two years (March 2013 to March 2015). Perched
water and groundwater samples were collected with one month interval and samples were analyzed for
14 parameters. Leachate pollution index (LPI) and piper diagrams were used to analyze the temporal
variation of water quality. Overall and sub-indices of LPI were calculated to identify temporal
variation of risk for groundwater contamination. Groundwater samples showed constant and low LPI
values except for the initial stage of the monitoring and those constant values were similar to
those for the control, a well located at out of the dumpsite. LPI indices calculated for perched
water is higher than that of groundwater, but it gradually decreased with the time. There is no
considerable different observed in perched water and groundwater with respect to the presence of
heavy metals. Reduction of LPI exhibited the high dissolution of the pollutants over the time. No
correlation was observed between LPI and amount of rainfall received over the time.

Keywords: Open solids waste dumps, perched water, groundwater, contamination, leachate pollution
index (LPI)
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(C TKBEREARE ] BTSN, MTKRENEER T LS TR PR EFMICT LT, S8 S
(CHTFARBETOREMNRE XD ERFRIIND, MR THTKEBROZ L. RERM(CN T SR
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Discussion on application of observation wells for groundwater levels and land subsidence
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HAOEMOEBMAIHTIE, HTKSDWIKBUERATIEDOEHEICK DT, MTKEREE (Z(CHWERK
) OXBKEOZL METOHEBALTENELC TEe. KEMITEHT S EBEPEIIH TR - tEELT
FAHREEBRL, KEABEHET, CNSORRERF(CDIZO>TERLTCER.

TE, ZLOIMAHCE, ERICLBIMTKBKORSHICK > TEREM FKAREBOAEKENLDEL, i
BELTHEEELTETCLBN, COBR, FAFHIZEREY, H3VIHNITSEBRENMEXDDHS. €
D—AT, KERE LU TOMTAANDEDPREEBUEEIDDODOHS. RTILORE, KREEHEFICLD
FRKEE U TOMTARMAMEML THD, FR2NMNERBRKREXLZF S TANDHZOEENS
FoTVBD. TSI, KERENZE (2014FHET) WOXKBEREARGTE (2015FBFRE) CTE, REEICET
BSERBHNKBRRICHE TBMTREERITSCEMROHSNTUS. LN >TEBRIKEF, HTKA - ihdg
T TERAHREE K DMRNISER L TKEKBECHERE TEEEGLENS, SO TKEE(SELICHIG
LU, RATEBRTELVMTK (B) RRECHRDOBETHRECEESNTUVS.

—73, WBRRIZ(CIED SRS LEME(C & o THITKAL - BEL TEAHMEL, tTORRELBEIT S
DOBERE TBI THD, T, TKBERE(IUHET IHRRLEEMHLICKIBHMTAKRBORILEWND IFEE
BREEl EELERL, ZOBULHRERTISILOHDEELY—ILTHS. CNFTHITKAL - i
WTEAHREE, COMEDLS, RKROBNLATOERMNERINTEZ. LHLSEEE, D—EBDBERM
ISERAMNKRHSND. ARKRT(E, HITFKAE - BT TERAHBOS SEBSERADITEPLREIC DOV TERY
D.
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On geochemical and isotopic characteristics of shallow urban groundwater in Shinagawa
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BEADZ OXEMHIE, BAHNSEBATETERENDMIRKICEDZDEENAZZISNTEz. COKEH, H
ATIE1995F DR - KEEREXLEZZE(C, B, T8, FRHAOEIRAKEREE UTEHOM TARKANDE
DRRRICEE 2. E5IC, EFETHA, BUKA, FKREBOEIEYNRE, E—~77SYRREKROEMN
(CAFTE, BHOBSKEE L TOMTRKOBMENBS B INDI I D(CHE> TSz, TFKEEIIICF
B9 A7 LEBEITDICEATEINLE, KBICROERKIC, HMERRBICBLVWIIOINIVEET, &
GRRBNAIRELRRBEDEHIADGRABRFCESD. Z20MICE, TTE - E0mMEmHNSHEAOHEHICS
(FTBMTKDEEZERECIBELUTCHEKCENRETHSD. —A T, B TEREIMRANRE(CK > THETK
WBEDRIDMRELSD. T5(C, ATWEKNBY T LEHKI T LRMNND, CNSHREEEMTKD
V=X KEEBEPTKEENSDRKICEBMTAKEZEDEKXR) , HdVET VD (FKBEZOMTES
MADHTRDEEK) ELTEIC. CORBR, BHOMTKI T LAFEEEDOHE CRO TERLTDEL
D, ZOLEEIEREBEZHELVEDCLTULS.

WMHEOMTKICOWNWT, BEFSECNEITERRE - RBREFEMOGEHA/IFRE (NFh, ARRM, &S

X, &iEX, BEKX, JtX) 2NRIC, VILFLL—Y—EFALUMKICENFECEDVWTEBT KD
EREKBER IOTCXICDOVTREZTO> TSR, ZORBR, ZEMT/KOKEFTREDIBEE LSHB 14
YV, M7, BV 7 VEBERITREBICUET SHXEBICHSULWTHICEEETHD I CEEHESHICLE
(EXE, RRIFH, 2014) . FRBREA A DEMELEOREHERN S, TARKEEHNSDRK (TKE
K) DEHOMTAKEICKELEEZRIFLUTCLWSIERZERLUL. SO OXDEZTHRREICHKES, K
HRHOMTKICDOVWT ST SICHREBFAZEBHFENRDIENT, EREPR)IXERIBRICHTIEKREZHFDIM
TARERRIC2015FENHICHEKMEZMREET o2, AEMBIEEEAT (BRE - BRS - TEs) . B
S - YR/IFAVOBEBMLE S UICRFTEAVDHBEMN SIS, BAMTAKES IEBREKHD (B
WIETV7 - BEI'U77) 1 (http://www.jagh.jp/jp/g/activities/torikichi/spring/20140830.html) (C
BEINTKET—SEERULLENS, RINXREZDOEDEBOZIBH TKOKEDTIRE, KOEFEES U
KEER TOTICDOVTREI L ITEREREST 5.

FoO— R RN AW, BB, WTFASR. B, AEERTOEX

Keywords: Tokyo, megacity, shallow groundwater, groundwater pollution, isotope, hydrochemical
process
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AEEEFRDIMTKICH (T IHEEBEBRRFROINREZIBET S ZBNIC. AFTRDSyFIOHAFRS LT
47 FROEKICH UV T014E6 AN S2015FE 1B ICKBEREETE Iz MINLEARSEMTD 3 7 FROEKD
TRLEE R R (I T AKE%E10 mg- L 'EB X BB (BAT30 mg-L") ERLIZ. —A. FMRIBAVDEBICENS
PFHEDOH R KOMEIBERE(IL ng-L ' UTTHole, MENDHAIHBERZORAREEZZIS5NS
IAH\SBEN T W\ B128). BULVMEERLUIZEHERT D, COBRIE. —SOEAKDMAID S DEBEKICETN
SHBEREOTEEZ(T TV ZTREMEEREL .
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Modification of ammonium diffusion method for 6"N analysis and application for
contaminated groundwater in Nepal Kathmandu Valley
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The objectives of this study are to improve analysis methods of ammonia isotope and to apply for
pollution source analysis of the environmental water sample. The target analysis is the groundwater
of Nepal Kathmandu Valley. In this area, the dependence rate on groundwater is more than half of
the total water demand, and there are many spots of exceed the ammonia standard value.

Ammonia isotope analysis of this study is a modification of the ammonia diffusion method of Holmes
et al (1998). We succeeded in shortening the ammonium diffusion time from 14 days (original method)
to 5 days. Ammonium concentrations were detected in the range of 2.0~17.1mg/L (n=9) and
1.8~15.3mg/L (n=6) from shallow dug well and shallow tube well, respectively.ﬁ”N—NH4 was 2.1~23.3%
(n=9) and 1.2~3.8% (n=6) from shallow dug well and shallow tube well, respectively. According to
the previous studies, wastewater (human origin) has 6”N—NH4=24~4O% (Ambio, 2004) and lake sediment
(natural origin) has GHN—NH4:—3.4~+2.1% (Vreca&Muri, 2006). These results suggest that the main
source of ammonium contamination is soil and mixture of soil and wastewater for shallow tube wells
and dug wells, respectively.
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Evaluation of Different Groundwater Sampling Methods in the Investigation of Chlorinated
Hydrocarbons in heterogeneous aquifers

CHEN YICHIEH'. *Dong Dong-Hsing
YICHIEH CHEN', *Dong Dong Hsing

1. FEIREERAE. 2.MKERERSERAT
1.Geophysical Technology & Engineering Co., Ltd, 2.Apollo Technology Co., Ltd

Geological heterogeneity affects the diffusion of chlorinated hydrocarbons between high and low
permeability strata in groundwater plumes. Because of the concentration gradient, solutes in the
low permeability zone will back-diffuse into the high permeability zone, leading to the phenomena
of “tailing” and “rebound”. However, these small but significant effects are often ignored, and the
resulting mistaken mass transfer coefficient can cause erroneous assessments of the concentration
distribution in low permeability zones. There are two parts to this study. One part is the
correlation analysis of the concentrations obtained by the common sampling methods (micro-purge
sampling and bailer sampling) for the chlorinated alkenes and chlorinated alkanes in 35 monitoring
wells. The other part includes case studies to evaluate the use of three standard sampling methods
(micro-purge sampling, bailer sampling and passive-diffusion bag sampling) for the analysis and
comparison of heterogeneous aquifers.

Based on the results of three statistical hypothesis tests (t test, Z test and F test), there were
no significant differences between bailer sampling and micro-purge sampling. The results thus show
that both methods have a high correlation with regard to chlorinated alkenes and chlorinated
alkanes (r=0.79~0.99), with the differences between them likely to be due to variations in the
location depth and degree of disturbance. The major flow mechanism during bailer sampling and
micro-purge sampling is influenced by advection, and the water that is obtained with both methods
is mainly from the high permeability zones. Therefore, the correlations between these two sampling
methods with regard to the measured concentrations were high. If the geological heterogeneity is
more complex, or the high and low permeability zones show complicated inter-bedding, then bailer
sampling and micro-purge sampling will erroneously estimate the actual contamination conditions,
especially for the pollutants that have diffused into the low permeability zone. Due to the flow
mechanism of diffusion, passive-diffusion bag sampling can better reflect the distribution of
contaminants in both high and low permeability zones. To ensure the validity of the data, the
sampling bags should be in place for at least 14 days, and the necessary precautions taken to
prevent interference during this period of time.

Based on hydrogeology and geological heterogeneity, this study suggests that it is necessary to
adopt comprehensive strategies, such as a combination of simple well investigations, monitoring
well investigations (to examine sandy aquifers, gravelly aquifers, distinct inter-bedding, and so
on), deep monitoring well investigations (with the water level or sampling depth exceeding 40
meters) and investigation evaluations (or remediation evaluations). With the use of appropriate
sampling methods and investigation techniques, it is possible to reduce the probability of
erroneous estimations, and determine the distribution of actual contamination in both high and Tow
permeability zones, as well as the possible pollutant sources.
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