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TOM TAT

Téng céng 55 méu nwéc ngdm da
duwoc thu thép trong thang 2 va thang 3 nam
2012 nhdm xé&c dinh hién trang 6 nhiém As
trong nwéc ngdm tai huyén Thanh Binh va
Tan Héng tinh Pdng Thap, Viét Nam. Nghién
clru da tién hanh do dac 5 théng sé hién
truong (pH, nhiét do, DO, EC, Eh) va lay
mau phan tich As va Fe téng sé. Két qud
cho thdy tinh chat nwéc ngam tang nong tai
Thanh Binh va Tan Héng c6 sw khac biét rd
rét. Tadng chira nwéc néng Thanh Binh &
diéu kién khe (trung binh -93 mV) trong khi
diéu kién oxy héa chiém wu thé tai Tan Héng

(trung binh 182.2 mV). As phan bd khong
déu trén toan khu vuc nghién ciu. Nong dé
As trong nuwéc ngdm tang ndng huyén Thanh
Binh vuwot xa giéi han cho phép cda WHO va
QCVN 01:2009/BYT Ia 10 pg/L Véi gia tri
trung binh la 408.16 pg/L. Nguwoc lai, 100%
mau nuwéc tai Tan Hong c6 néng dé nhé hon
gi6i han cho phép. Néng dé Fe cé tuong
quan am y nghfa véi néng do As trong cac
mau nuéc. Su khi hoa tan oxyhydroxide sét
c6 thé la co ché quan trong gidi phong As
trong nwéc ngdm tang ndng huyén Thanh
Binh.

Ter khoa: arsenic, Péng Thap, nuéc ngdm, co ché gidi phong

MO PAU

Nhiém doc do st dung nuéc ngam bi 6
nhiém As duoc xem la vu nhiém doc hang loat
I6n nhét trong lich sir loai nguoi néu xét vé sé
lwong nguoi bi anh huong. Pong bang Ganges —
Brahmaputra (Bangladesh) va Bengal (An D9) la
nhiing viing bi anh huéng nghiém trong nhat véi
hon 63 triéu dan phoi nhiém véi ngudn nudéc
ngdm c6 ham lugng As lén hon 10 pg/L (tiéu
chuin nuéc udng cia WHO) va hon 5 triéu
trwong hop co triéu chang bénh arsenicosis, ung
thu da do nhiém doc As man tinh [1].

Nhiing dic diém dia chit twong dong cua cac
ddng bang chau thd tai Viét Nam so sanh voi
dong biang Ganges tai Bangladesh d4 thu hit su

quan tdm cua cac nha khoa hoc tir nhitng nam
2000. Nhiéu nghién ciru da phét hién van dé 6
nhiém As nghiém trong va dua Viét Nam Ién trén
ban d 6 nhidm As thé giéi. Pang luu Y, nhing
khu vire ¢ biéu hién 6 nhidm As lai 13 noi tap
trung dong dan cu va 1a ving san xudt nong
nghiép chinh caa nudc ta, do 6 nhu cau sir dung
nuéc ngam cho sinh hoat va ndng nghiép la rat
Ién. Viéc sir dung ngudn nudc nhidm As trong
thoi gian dai s& dan tsi nhiing hau qua nghiém
trong khong chi cho nguoi dan trong khu vyc ma
con anh huéng dén sirc khoe cong dong khi As di
vao chudi thtrc an trong qua trinh san xuit nong
nghiép. Su nhiém doc As duoc goi la
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arsenicosis 1a mot tai hoa méi truong dbi voi
sac khoe con nguoi. Nhitng biéu hién cua
bénh nhan nhiém doc As l1a ching sam da
(melanosis), day biéu bi (kerarosis), ton
thuong mach mau, réi loan cam giac vé su
di dong. Nguoi bi nhiém doc As laungay sé
c6 biéu hién sung hoa da, gdy sam va mat
sic t6 da hay bénh Bowen... tir d6 dan dén
hoai ti hay ung thu da, viém rang, khdp, tim
mach...[2]

Theo két qua diéu tra trén ca nuéc cua Lién
doan Quy hoach va Diéu tra Tai Nguyén Nudc
mién Nam va t6 chac UNICEF Tai Viét Nam,
ndng do As cao trong nudc ngam dugc phét hién
tai 2 khu vuc chu yéu 1a Pong bang Séng Hong
va Bdng bang Séng Ctru Long [3]. Tai dong bang
séng Hong, cac nghién ctu vé As trong nudc
ngam d& duoc trién khai tir rat sém véi mac do
chi tiét cao [4, 5, 6] trong khi d6 nhirng nghién
ctu tai khu viee Dong biang Séng Ctru Long con
nhiéu han ché. Nghién ctu nay cung cap théng
tin chi tiét vé tinh chat nudc ngam va 1am rd co
ché giai phong As trong nuwdc ngam tai khu vuc
nghién ctru thudc tinh Pdng Thap, noi co biéu
hién As trong nuéc ngam cao nhét tai Bong bang
Séng Ciru Long [7]. Ngoai ra, két qua cia nghién
cuu s& la nhiing thdng tin quy gid phuc vu cho
viéc phat trién cdng nghé xu ly nude ngam thich
hop tai khu vuc.

PHUONG PHAP NGHIEN CUU

Khu vec nghién ciru

Nghién ctru dugc thuc hién tai tinh Ddng
Thap vao thang 2 va thang 3 nam 2012. Hai khu
vuc nghién ctu cu thé 1a cu lao huyén Thanh
Binh va thi tran Sa Rai thudc trung tdm huyén
Tan Hong. Thanh Binh la ving trong diém san
xuit lwong thyuc cua tinh Bong Thap, viing cu lao
thuoc huyén Thanh Binh chu yéu st dung nudéc
ngam cho hoat dong néng nghiép. Tan Hong la
huyén vung sau, giap bién giéi Campuchia, cach
xa song Tién va chwa c6 mang luGi cung cap

nuéc sach nén ngudn nudc sinh hoat chu yéu cua
ngudi dan 13 nuée giéng khoan tu nhén.

Cac mau nudc duoc lay tir nhitng ting chua
nudéc & do sau nhoé hon 80 m (Holocene va
Pleistocene) do day 1a dbi twong khai thac chu
yéu cta nguoi dan. Téng sé mau cia nghién ctu
la 55 mau lay tai cac giéng ¢ ho gia dinh (hinh
1). Trong dé c6 34 giéng thudoc huyén Thanh
Binh c6 d6 sau tir 12 - 60 m thudc phic hé chira
nuéc Holocene va Pleistocene dugc lay ngau
nhién trong dién tich nghién ctu 10 km x 20 km.
Tat ca cac giéng déu nam rat gan song Vi
khoang céch trung binh nho hon 1 km. 21 mau
nudéc lay tai cac giéng thudc huyén Tan Hong déu
cach xa sdng Tién voi khoang céach trung binh tir
giéng dén song la 15 km. Trén dién tich nghién
cau rong 10 km x 15 km tai huyén Tén Héng, 23
mau nudc thuc tang Pleistocene & d6 sau tir 15 -
73 m da dugc thu thap.

Phuwong phdp ldy méu, do théng sé hién truong

Thong tin d6 sau va toa do dia 1y dugc ghi
nhan tai mdi giéng. Bom xa giéng khoang 15
phat dé 6n dinh nong d6 oxy hoa tan trong nugc
trudc khi tién hanh do cac thong sb hién truong
va lay mau. Nam thong s6 nhiét do, pH, do dan,
thé oxy héa va oxy hoa tan duoc xac dinh tai hién
truong véi cac thiét bi cam tay (Bang 1) cung cap
nhiéu théng tin vé tinh chat nudc ngam. Nudc
giéng duoc loc nhanh qua mang loc 0.45 um va
chira trong lo Naglene 60 mL lam bang nhya
HDPE (High Density Polyethylene) va nap vin
lam tir nhwa polypropylene chuyén ding cho lay
mau nudc, bao quan bang 100 pL HNO3 dam
dac. Mau duoc bao quan & nhiét do6 phong va
chuyén dén phong thi nghiém Earth and Ocean
Sciences, Pai hoc Duke, Hoa Ky dé phan tich.
Nong d6 As va Fe dugc phan tich bang phwong
phap Khéi phd ghép cip cam tng cao tan ICP-
MS (Inductively Coupled Plasma - Mass
Spectrometry
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Hinh 1. Khu vire nghién cu huyén Thanh Binh va Tan Hang, tinh Bng Thap (khoanh tron)

Bang 1. Tén thiét bj do thong s6 hién truong

Tén thiét bi Hang san xuét Thong sé
Oxi 1970i WTW (buc) Oxy hoa tan (DO)

Nhiét do

LF11 Schott (Buc)
Do dan (EC)
pH100 pH
YSI (USA) :

Ecosense Thé oxy héa (Eh)

Céc thong sé hign trwong va két qua phan tich tgi phong thi nghigm

Bang 2. Cac thong s hién truong tai hai khu vuce nghién ctu.

Thanh Binh Tan Héng
Théng sb
Trung binh Khoang gia tri Trung binh Khoang gia tri

pH 7.0 6.7-7.7 6.1 5.8-6.6
Nhiét do °C 29.5 28.7-30.6 29.8 29.3-30.2

EC uS/cm 1311.9 382.6 - 6330 1540 304.2 - 3035

DO mg/L 2.1 0.7-4.0 1.32 02-37

Eh mV -93 -139 - 149 182.2 60 — 261
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KET QUA VA THAO LUAN

Phan 16n cac mau nuéc cd pH thudc khoang
gid tri gan trung tinh cua nuéc ngam théng
thuong (6 — 8.5). Cac mau nuéc tai huyén Tan
Hong ¢6 gia tri pH tuong dbi thap hon so véi
huyén Thanh Binh. Gia tri nhiét d6 khéng co6 su
chénh léch dang ké gitra hai khu vic nghién ciu.
Gia tri d6 dan (EC) caa cac mau nudc Thanh
Binh dao dong tir 382.6 dén 6330 uS/cm. Tuy
nhién, 70% s6 mau cé EC thap hon 1000 pS/cm.
Céc mau nudc & huyén Tan Hong cé gia tri do
dan twong d6i tap trung. C6 dén 71% cac mau
nuéc & Tan Hong ¢d EC Ién hon 1000 pS/cm.
Gia tri DO cua cac mau nuéc & 2 khu vuc nghién
ciu cO khoang dao déng twong tu nhung DO cua
c4c miu nudéc & Tan Hong c6 phan thip hon.
50% sb mAu tai Tan Hong c6 DO nhoé hon 1
mg/L so v&i 10% tai Thanh Binh. Cé su khac biét
déng cha y vé gié tri Eh gitra hai khu vuc nghién
ctu. Hau hét giéng ting nong (32/34 giéng) thudc
huyén Thanh Binh c6 Eh am dao dong tir -139
mV dn -28 mV. Nhu vay diéu kién kha chiém
wu thé trong cic tang chira nuwdc ndng huyén
Thanh Binh. Nguoc lai, diéu kién oxy héa chiém
wu thé trong nuwéc ngdm tang néng huyén Tan
Hong voi gié tri Eh dao dong tir 60 — 261 mV,
trung binh la 182.2 mV. Su khac nhau & dac
diém nay c6 mdi twong quan chat ch& véi nong
d6 As tai hai khu vuc nghién cau s€ duoc thao
luan & nhitng muc sau.

Bang 3 cho thdy nuéc ngdm tai Thanh Binh
va Tan Hong c6 thanh phan héa hoc twong ddi
khéc nhau. Nong d6 HCOj3 tai Thanh Binh cao
gap 2 lan so voi Tan Hong, diéu nay ciing phd
hop véi két qua pH tai hién truong. Nudc ngam &
ca hai khu vic nghién ciru déu c6 d6 cung kha
cao. Tuy Van thip hon gia tri cho phép theo

QCVN 01:2009/BYT tuy nhién déu dugc xép
vao loai nu6c cing. Gia tri do cang cia nudc
ngam tang nong huyén Thanh Binh c¢6 phan cao
hon so véi Tan Hong. Thém vao do, trong khi ion
S04Z, CI" va Na* tai Thanh Binh rat thip va hoan
toan nam trong khoang gia tri cho phép ddi voi
nuée an udng theo QCVN 01:2009/BYT thi céc
mau nudc ldy tai Tan Hong cé gia tri kha cao va
mot s6 mau vuot tiéu chuan cho phép.

Néng dé As trong nwéc ngam

As phan bb khong déu tai hai khu vire nghién
ctu (Hinh 2). O huyén Tan Hong, nong do As
trong tat ca cac mau nudc ting nong déu thap
hon gigi han cho phép cia WHO va QCVN
01:2009/BYT la 10 pg/L, dao dong tir k.p.h dén
8.91 pg/L, véi gia tri trung binh la 2.63 pg/L.
Trong khi d6, nuéc ngam tang néng ¢ huyén
Thanh Binh lai c6 biéu hién 6 nhidm As nghiém
trong v6i 94% sb mau nudc vuot xa tiéu chuan
cho phép. Nong do As bién dong trong khoang tir
3.22 dén 981.43 pg/L, gi tri trung binh 12 408.16
Hg/L, gap 40 1an so véi mirc an toan 1a 10 ug/L.
Nghién ciru quan tdm dén tang chira nuée nong
tai tinh Pong Thap Vi day 1a d6i twong khai thac
cha yéu cua nguoi dan. Cac mau nude duoc lay
tai cac giéng c6 do sau tir 12-73 m. D¢ siu tuong
ung voi phac hé chita nuéc Holocene va
Pleistocene. Xét dén khu vuc ¢ vin dé 6 nhiém
As trong nudc ngam la huyén Thanh Binh thi As
c6 mat & tat ca cAc mau nudc & do sau khéac nhau.
Dic biét 1a cac giéng ¢ do sau tir 10-40 m co
nong do As cao bat thuong, gip 100 lan so véi
gidi han cho phép cua As trong nudc.

Bang 3. Két qua phan tich mau nudc

Thong sé DPon vi Thanh Binh Tan Hong QCVWN
01:200
9/BYT

(n=34) (n=21)
Trung binh Trung vi Khoang Trung binh | Trung vi Khoang
Po sau m 29.6 233 12-60 36.3 39 15-73
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b9 cing mg 295 213 300
CaCOs/L
HCOs mg/L 431 429 111-780 193 158 88-334
S04= mg/L 1.6 0 kph-19.6 109 67 4-296 250
CI mg/L 338 19.5 2.9-160 267 235 21-742 250
Na mg/L 51 49 10-112 238 207 30-554 200
Ca mg/L 7 76 24-158 34 24 5-71
Mg mg/L 25 26 7-52 31 25 7.6-78
Fe mg/L 4.45 4.43 0.36-12.58 0.4 0.15 <0.1-2.6 15
Mn mg/L 0.8 0.6 <0.1-2.86 15 0.9 <0.1-4.55 0.3
As téng pg/L 0.408 0.313 <0.01-0.981 2.6 1.8 kph-8.9 0.01

CAMBODIA
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Hinh 2. Sy phan b As trong nwéc ngam tai Thanh Binh va

Tan Hong

Nhiing nghién ctru vé tinh chat héa hoc cua
As cho thay nguyén t6 nay rat nhay cam véi gia
tri thé oxy hoa khtr. Mat khac, As thuong ton tai
ddng thoi vai Fe trong cac khoang vat ty nhién.
Chinh vi vay, méi tuong quan giita As va c4c yéu
t6 nhu gia tri thé oxy héa khir va nong do Fe s&
giai thich cho ndng d6 As cao tai huyén Thanh
Binh.

Hinh 3. Su phan bd As theo ‘d(f) sau tai
Thanh Binh va Tan Hong

Méi twong quan gia As va thé oxy hoa khiz Eh

Dic diém dia hinh va dia chét c6 thé 1a mot
trong nhiing yéu t6 gay ra sy khac biét vé diéu
kién thé oxy hoa khir gira Tan Hong va Thanh
Binh. Thanh Binh thugc vung dia hinh triing va
bi bao quanh bai hai nhanh séng Tién. Lii séng
Tién hang nam bd sung ham luong chat hiru co
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cho cu lao Thanh Binh, diy ciing 1a vung san
xuit néng nghiép trong diém cua tinh Pong
Thap. Ham luong oxy hoa tan trong nuéc ngam
thip va ham luong chét hitu co trong dét va tram
tich cao la diéu kién thuan lgi dé cac vi sinh vat
khtr phat trién [8, 9]. Gia tri Eh co tuong quan

Pearson duong Yy nghia véi nong do As ciia cac
mau nuéc (r = 0.713). Vi As Ia nguyén t6 rat
nhay cam véi Eh nén réat c6 thé diéu kién khir cua
nuéc ngam 1 mét trong nhiing yéu t kiém soat
su giai phong As & cac tang chita nudc nong tai
Thanh Binh.

As (ug/L)

Eh (mV)
‘LQ)]
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Hinh 4. Méi twong quan giita ndng do As va gié tri Eh

Néng dé Fe trong nwéc ngam

O huyén Thanh Binh, néng d6 Fe dao dong
trong khoang 0.36 — 12.68 mg/L va&i gia tri trung
binh la 4.45 mg/L. Tai huyén Tan Hdng, khoang
dao dong nong do Fe tir k.p.h dén 2.66 mg/L va
gia tri trung binh 0.40 mg/L, nho hon so véi
Thanh Binh 10 lan. D& nhan thiy c6 mdi lién hé
gitta ndng d6 As va Fe tai hai khu vic nghién

ctu. Tai huyén Tan Hong, ndng do Fe trong nudc
ngam rét thip trong ung véi ndng do As rat thap
tai khu vuc nay. Trong khi d6, huyén Thanh
Binh, noi phat hién nong do As cao di thuong
ciing dong thoi c6 ham Iuong Fe cao hon han so
v6i Tan Hong. Tat ca cac mAu nude tai Thanh
Binh déu c6 ndng do sit vuot tiéu chuan nudc an
uéng QCVN 01:2009/BYT.

Bang 4. Ty 1& mau nudc ¢ ndng d6 kim loai virot tiéu chudn cho phép

QCVN 01:2009/BYT As (10 pg/L) Fe (0.3 mg/L)
Thanh Binh (n = 34) 94% 100%
Tan Héng (n = 21) 0% 19%

Bén canh diéu kién khtr cua nuwéc ngam, méi
twong quan giita As va Fe 1a nhitng dan ching
cho co ché giai phong As trong nudc ngam
Thanh Binh. Phép thong ké Pearson cho thay
twong quan dwong Y nghia (r = 0.708) gitta ndng

do Fe tong va As. Pay la mot dan ching quan
trong cho gia thuyét vé qué trinh khir hoa tan As
trén bé mat cac oxyhydroxide sit trong cac thanh
phan dia chat.
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Hinh 5. Méi twong quan giita ndng d6 As va Fe

Co ché gidgi phéng As trong nwéc ngam huyén
Thanh Binh

Gia tri pH nuéc ngim tai ca huyén Thanh
Binh dao dong tir 6.7 — 7.7 1a dan chang cho thdy
co ché giai hap phu trong méi truong kiém khéng
xay ra tai khu vuc nghién ctru. Co ché giai phéng
tir qua trinh dia nhiét ciing co thé loai bo do nhiét
d6 cua nuwdéc ngam nam trong khoang thong
thuong. Diéu kién khir chiém wu thé va nong do
cao cua Fe trong nuéc ngam Thanh Binh cho
thdy co ché giai phong As trong nudc ngam la su
khtr hoa tan cac khoang sit trong thanh phan dia
chat nén. Cac khoéng oxide sat 13 ngudn chira As
quan trong trong tu nhién va su khir hoa tan
oxyhydroxide sit ciing 1a mét trong nhimg co ché
chinh giai phéng As trong nuéc ngam tai cac khu
vuc dong bang chau thd giau chat hiru co [5, 6,
8]. Biéu d6 Eh-pH két hop giira 2 hé As-O-H va

Fe-O-H (hinh 4) s& ly giai chi tiét co ché giai
phoéng As trong nudc ngam.

V6i gia tri pH cia nuéc ngam dao dong
trong khoang tir 6-8.5, As s& bi ¢d dinh trong
diéu kién moéi truong nude cé tinh oxy hoéa nhu
truong hop nuéc ngam ¢ Tan Hong. Ly do 1a As
trong nuéc ton tai & dang As(V) H2AsOy tich
dién &m va Fe ton tai & dang rin FeOOH (hoa tri
III) tich dién dwong. Lic nay s€ xay ra phan tng
hdp phu As(V) trén bé mat FeOOH va As bi ¢b
dinh trén pha ran. Mat khéac, trong méi truong
khir cia nuge ngam huyén Thanh Binh, hai qué
trinh sau cuing ldc dién ra: (1) As(V) bi khir thanh
As(I1l) dang khong tich dién HsAsOs va khong
con lién két ion véi cac thanh phan dia chat nén
va (2) Fe(l11) bi khir thanh ferrous Fe(ll) — dang
hoa tan ¢ diéu kién pH binh thuong. Luc nay, As
s& duoc giai phong ¢ dang linh dong arsenite vao
nude ngam [10, 11, 12].
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Hinh 6. Biéu @6 Eh-pH giai thich viing cé dinh va linh déng As

KET LUAN

Nong d6 As trong cac ting chira nuée néng &
huyén Thanh Binh cao di thuong véi nong do
trung binh gip khoang 40 lan tiéu chuan cho
phép As trong nudc sinh hoat cia WHO va
QCVN (10 pg/L). trong khi do tat ca cac mau
nuéc tai Tan Hong c6 nong do As thap hon 10

ng/L. Diéu kién khir chiém wu thé va ndng do Fe
cao la dan chung quan trong cho co ché giai
phéng As trong nuwdc ngam Thanh Binh 12 su khir
hoa tan cac khoang sét trong thanh phan dia chat.
Loi cdm on: Chan thanh cam on GS. Avner Vengosh da
tai tro kinh phi thuc hi¢n nghién ciu. Xin cam on nhém Céng
tac vién thugc Bg mén Cong nghé Mai truong da ho tro trong

thai gian ldéy mau tgi tink Pong Thap.

Arsenic contamination in groundwater of
Tan Hong and Thanh Binh District, Dong

Thap Province
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e Avner Vengosh
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ABSTRACT

A total of 55 groundwater samples
were collected in February and March, 2012
to investigate the As contamination in
groundwater at Thanh Binh and Tan Hong
district, Dong Thap province, Vietnam. Field
parameters (pH, temperature, DO, EC, Eh)
were measured on sites using portable
devices. Water samples were analyzed in

laboratory for total As and Fe concentration.
The analysis result showed the entirely
difference between groundwater chemistry
of Thanh Binh and Tan Hong. Groundwater
in Thanh Binh was predominantly reducing (-
93 mV, average), contrary to the oxidizing
condition of Tan Hong aquifer (182.2 mV,
average). Arsenic concentrations also
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showed spatially heterogeneous
distribution over the whole study area.
Groundwater from the shallow aquifers in
Thanh Binh was far exceeding the
permissible WHO Standard limits as well as
the Vietnam Standard limit of 10 pg/L for As
(average 408.16 pg/L). In contrast, 100%
water samples in Tan Hong contained less

than 10 pg/L As. Strong positive correlation
was found between Fe and As
concentration. The reducing condition and
high concentration of Fe indicated reductive
dissolution of the Fe oxyhydroxide as the
significant mechanism that released As to
Thanh Binh groundwater.

Keywords: arsenic, Dong Thap, groundwater, release mechanism.
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