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Arsenic in shallow aquifers of the lower Mekong delta, Cambodia

—Sources, mobilizations and remediation with natural laterites—
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The pfesence of elevated arsenic in groundwater of the shallow aquifers of the lower Mekong delta,
Cambodia has become a concern of Kandal’s 1.1 million people. Recently, the arsenic-contaminated
groundwater has been treated with Kanchan arsenic filters introduced by the governmental agency.
However, the removal of arsenic was reported to be incomplete due to insufficient oxidation of Fe nails
and differences in groundwater composition. Therefore, the needs to utilize an appropriate low-cost
material with minerals similar to those bearing arsenic in the aquifer sediments and to model arsenic
sorption onto the material for various groundwater chemistries are necessary.

Chapter 1 describes the background and research objectives of this research and the reviews of
related literatures. There is no consensus yet on the sources and mobilization of arsenic in shallow
aquifers of the lower Mekong delta, Cambodia. U.K. group researchers stated that Fe oxyhydroxides in
the sediment which contained a large amount of arsenic could release arsenic into Kandal groundwater
via microbially mediated reductive dissolution and microbial reduction of As(V). On the contrary, U.S.
group researchers reported that Fe sulfides were the source of arsenic and could mobilize arsenic into
groundwater via oxidative breakdown. Therefore, the main arsenic-bearing Fe minerals and arsenic
release mechanisms must be defined or confirmed. In accordance with the U.K. research group, several
previous investigations showed that laterites contain a considerable amount of Fe oxyhydroxides which
can play an important role in adsorption of arsenic. For this reason, natural low-cost laterites which
are abundant in Kampong Cham province, Cambodia must be considered as well for the removal of
arsenic from Kandal groundwater.

Chapter 2 presents the evidences of sequential extractions and biomarkers for mineralogical sources
of arsenic and origins of organic matter in aquifer sediments of the Mekong delta, Cambodia, respec-
tively. The total extracted arsenic in the sediment sequences varied between 2-16 mg/kg and was
strongly associated with Fe oxyhydroxides (HFOs). The amorphous and poorly crystalline HFOs
(ferrihydrite) contained more arsenic but had less relationship with arsenic than the well crystallized
one (goethite). Hence, this suggests that goethites were responsible for elevated As in groundwater.
Due to the presence of biomarkers including hopane, hopene, triterpene, and n-alkane, organic matter

which limited the condition of arsenic release were sourced from predominantly immature plant and
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bacterial at near-surface sediments, except one sample from deep rock mature (petroleum) origin.

In Chapter 3, the release mechanisms of arsenic in aquifer groundwater of the Cambodian lower
Mekong delta vs;ere postulated between Prek Tameng (PM) and Prek Thom (PT) villages of Kandal
province, Cambodia. The Kandal groundwater geochemistry showed no significant seasonal variation.
Arsenic in groundwater varied between 33-1450 ug/L exceeding the regulatory limits of WHO (10
pg/L) and Cambodia (50 pug/l). PM groundwaters consist of significantly lower As but higher Fe
compared with PT groundwaters. Arsenic release in PT village was suggested to be mainly caused
by microbially reductive desorption of arsenic from surfaces of Fe oxyhydroxides in deeper reducing
aquifer, whereas As release in PM village was suggested to be possibly due to oxidative breakdown of
Fe sulfides at the near surface.

Chapter 4 Investigate the applicability of natural laterites in remediation of Kandal arsenic-
contaminated groundwater, with a validation using generalized composite approach complexation
modeling. The selected laterite at the amount of 12.5 g/L. with iron minerals (ferrihydrite, goethite
and hematite) could most effectively remove As(V) from solution with concentration of 1.5 mg/L at
neutral pH within 40 minutes reaction. The results of surface complexation modeling coupled with
the experimental data indicate that most of adsorption behavior of arsenic on the laterite regarding
the effects of adsorbent dose, pH and phosphate would be attributed to iron minerals in the laterite.
In the same setup with the presence of 2.0 mg/L phosphate there was no significant effect on arsenic
removal efficiency. A small family with 6.2 members who consume 19.8 L per day would use only 1
kg laterite to obtain sufficient arsenic-free groundwater during one year.

Chapter 5 concludes that crystallized HFOs (goethite) and amorphous HFQs (ferrihydrite) found
in the aquifer arsenic-enriched sediments of the Mekong delta, Cambodia were also present in the
laterites, demonstrating that application of laterite in adsorption of arsenic from Kandal groundwaters
was appropriate. Microbially reductive desorption of arsenic from the surfaces of HFOs were the major
release mechanisms responsible for elevated arsenic in groundwaters. Therefore, complexation and
adsorption of arsenic in and on HFOs of laterites were the reasonable processes for arsenic removal.
Since Kandal groundwater is dominated by As(III), oxidation of As(IIT) should be considered prior
to removal of arsenic. In order to improve the understanding on how arsenic releases from sediments
and adsorbs onto laterites, further studies were proposed regarding the microscopic and spectroscopic
evidence of arsenic-bearing minerals and microcosm experiments for evidence of microbes in the

sediments.
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BEKPERAICEDN S T/KFOERBEHKO L ROEFER, HANEEEO—DEL LT
W3, HYRITIZBNT, AV Yy Z)IIRBEDO X ATV 2 ##IC 5% Kandal #higk
T, XAaV)ERh SEIEN D As ZEARERMAHERL TR, COMikDILE 100 5D
ALV RPBOBRICE 5ENTWVB, AW, Kandal HUBOFEZIC LD SICLTERE
THTRKZHT EDICONTAREZBZC L EENIC, RUTFATEREIRL - SF517 %
AT 2 NEEMOMROERIAELT o LD T, X IVIFN R HRO® K EEEIC B3 L
ROBFELBE). THIKKRTTIA FOLRREHBEHSMICL TV B,

183, BIEIC B BT KT O ERERD  ROMEREENS L L bic, MET 35
FOMAZBIL TV D, BLOHREIR, XaV)I[FXHHICHET 2 LRI, HFEE DHERY
RERE T AHBILMCASBETAOTVB T EERLTVS, L L, ThBHRIGE MR
REFEMEBBEE LI LREST T L, £, HITKFTORmN L REERIE. FEHORNHEE
THRERUTEBMEOMHRL LHICK D BOHKEN S B E N DTHB T LR ERREN
THEH, TOHFEOHKETEICBI 2L ROERLBENICOVT, ThETOMETEATLE
TR A<, BENMREN TV 3,

FE2EE. AaV/IITHRT X Hr#HD Prek Tameng(PT) #f & Prek Thom(PM) i TiTh i feR—
VYT 6RBENTHEMPOT B L CBRBMHERRIC K DBVWEKETO L ROEFEZR
LTV, SHEBEWEE D Fe203 XU TOC BENFNHH As BE L BOIEDOHEAETRYT
Tk, THILEOLFKMHBD 70% N HFOs ICHRTZ2EDTHB L ERL, HT/KLERD
RIELNHKA F 2 KEEY) (HFOs) IEES B DTHAT L EHOMITLTWS, £, LIS
W HFOs DRI & B As & Fe WRWHEZRT T L 5. TOHIBO L RO EHIBEIGREER
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HFOs(&t#k8k) TH D . TOHEMHEPFROHM T ADO HKRED LFROFERE R/ DEERL
TW3, iz, BHKBHFOEYEREEY L LT hopane, hopene. triterpene ¥5 & U n-alkane A°
FETZEEHALMICL. L ROEBCHET M. EHEORHERTHS | HEEZR
&, HIFIEL DEMMORBRALCENBLENRITFY TRETHZZ LEZRALDICL TV S,

553 &, PT AL PMAICET B IkREHF (PT-40~-60m, PM:-28~-40m) 2 SEEE O
TEIKEH K DIEESTEITV, CROBEIA L= XLEERL T3, HTKODHEXIEL
A EEMTEHRD ONEV, EEDOFERIX, 33-1450 ug/L OMDETPT R TR PM &L L
BWERMZRL, WIHE WHO(10 pug/L) £ AV RIT (50 ug/l) DRFBERBZ TW3, PT
ORI DT KAND As DBENE. FiT, &KV EVBTHEKETHEDC LS As DE
ToIC K B FKBELMBES» S OPRBLEL, BNBED As LT LEEWEE TR W Fe Bl
TFARPIZECTEC LICKB EERELTVS, —A. PMATRE. £, &DBRVHFTOHRFRIEHD
BIEMENELCC LICE D AsDBEITR LERLTWV5,

EAEX, 5751 POLREBEERETV. HT/KLETEDND ST 51 + OBEREERE
LTW3, SFEME LTI 2 UNA RSA b, §t#kiE. FREHBEEL 754 FEBICOWT, &
ik 12.5g/L. 40 ORISR, i pH DL T, 1.5mg/L D As(V) 2 ZRNICHERN S
DERIFB T LERLTVWA, RESEEE TV TETV. BN, pH, 72V VBEHROK S &
55754 FO RBBXEBOABIDTT 54 FROBIMCRT BT LERL TS, e, T
DHUED As BEFHI T AKOHBICOVWTY VYBEBOHFER L REELXET 2R LIRS0
EELTVB, LT, 6.2 AD/NFRED | ERITKRBBE T Ni-TKESR S Idic, 1kg 21
D74 FERERBTEERLTVS,

HS5EI, AaVIFNEZORKBCBIZHTKRFOLRBED LHOFEL A H = X LId#k
ZFVKBIEHOEEBOLRE (V) DETICXBHETH Y. HT/KFOLRREDKDIIZBEEL
e & D) DBBIEHETERINZRECLEHAEMNC LT WS, iz, Kandal HIBDOHIT KD
KREBMELTSTSA P REMCHATRC LR ERLTVWS, ThAEETBIC, EEZAY
RIT7 « 2aAVIF N2 HIGHKEF O ROER) LIKREABRICOVWTHARZ/ILDOTHY
EEHMREORBICESTELIAREZEDRHB, &oT. BHFRZIEEAREL T® O
EMEREENIBEENDZLDOLBD S,
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