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T6m tit Phlin b6 asen (As) trong trAm tich ve nudc ngAm dugc nghiOn cr?u t4i hai ttia di6m c6 d4c

lugng As tong tAm tich t6 ld 86,5 nmoVg,

s6 v677Yo, As li6n k6t t6n ktrorlng sunfrra

Mm lugng As cao, tung binh td2,2 pM(165 pell
hdm lugng As ttr6p tron nhiAq tung binh la 0,6 pM @5 pg&).

r. MddAu

0 ntriGm asen (As) tong nudc ngAm da vd

tlang de dga t6i srlc kh6e cta hdng triQu nguoi

dAn d nhiAu quSc gia tr6n th,5 gioi. Hdm lugmg

As cao tlugc tim thAy d hAu h6t c6c vtng diing

blng chdu th6 phir sa nhu & Blng-lad6t, Tary

Bengal vd nhi6u khu vgc kh6c voi ndng d0 vuqt
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qu6 200 pelL (2,7 pM) t1-31. Tai luu v.uc ddng

bing chdu th6 s6ng H6ng, ViQt Nam udc tinh

c6 l:hoing 11 triQu ngudi ddn bi phoi nhi6m do

sri dpng ngudn nu6c u5ng c6 hdm lugng As

vuqt mr?c cho ph6p cria t6 chr?c WHO ld 10

pg/L 14,51. NhiAu nh6m t5c gin de dua ra c6c

gin thuy6t nhim giai thich sy hinh thanh As cao

trong nudc ngAm 12, 51. Gie thi6t duqc ch6p

nhfn rQng rdi cho tang tU ph6n hriy hqp ch6t

hiiu cs hinh thdnh m6i truong khri khitin c6c

}ho6ng Fe (II! bi kht vA Fe (ID dA hda tan.
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Qu6 trinh ndy ldm lho asen v6n h6p php trOn

l*ro6ng sit cfrng bi <l6ng hda tan.

MQt sti nghi€n cr?u cho th6y khorlng sit
thudng c6 nhi6u As. C6c l*rorlng sit ptrO Uitin

^l.t-chr?a As g6m: sdt dC hda tan (FeCO3,

Fe2(POa)3), 6xit sit d dang v6 dinh hinh vd dang

tinh th6 (Fe2O3), hoflc kho6ng sunfua bdn vtng
(FeS, FeAsS, AszSr) fL,2, 6f. Nghi€n cr?u tai
BingJa-d6t, Swartz vi cQng sg tl6 x6c <linh

trong trim tich khri t6ng luqng sit t urrg binh ld
400 pmoVg v6i 10 - 30% ld dang sit d6 hda

tan, 6xit sit vO dinh hinh vi tinh th6, 15 - 50%

sit d dang kho6ng sunfua bdn virng, him lugng

asen trung binh ld 25 nmoUg vfi 20-50o/o asen

li€n ktit vdi khorlng sit O g dpng ttAu ti6n, 10-
4}%luqngasen li&r t6t vOi kho6ng sunfua [].

C6c nghi€n cr?u kh6c cfrng tlua ra bang
,.)xchring cho ring tr6m tich tr6 thudng c6 hdm

lugng As cao hon trAm tfch gii [5, 7]. Trdm tich
trd chfa nhiAu vOt chAt htu co, n6n di6u kiQn

kfift dA hinh thinh hon, din diin c6c khoring sit
dE bi hda tan vi grii ph6ng As vdo nudc ngAm.

Nghi€n cuu tai Nam Du, Hoang Mai, Hd NQi,

Norrman vd cQng sg tim th6y trong trim tich tre
Holocene tai mQt chrim gi6ng khoan c6 him
lugng As tu 40 - 133 pmoVg, trong trAm tich
gii Pleistocene hdm lugng As khoing 50 - 90

,lpmoVg. Nu6c ngdm tdng Pleitocene c6 hdm

lugng As ld 0,7 pM. Hdm lugng ndy nh6 hon
r6t ntridu so vsi trAm trAm tichtre h 3,3 pM [7].

Vfy tAm tich tre ligu c6 nguy co g6y 6

nhi6m As nhiAu hon trAm t(ch gid hay kh6ng?

Vd hdm lugng As trong trAm tich c6 liOn quan

d6n hnm lugng As frong nu6c ngAm hay lh6ng?

Mpc ti6u cta nghiOn cr?u niy ld tim hi€u sU

phan b5 As trong trAm tich vi nu6c ngim d hai

}*ru vyc c6 tu6i tim tich kh6c nhiru. KiSt qui
thu dugc s€ g6p mQt phdn vdo viQc $ gini
nguy€n nhAn tai sao mQt s5 khu vgc nudc ngAm

c6 hdm lugng As cao, trong khi d6 mQt sd khu
vpc kh6c l3i c6 him lugng As thAp hon.

2.D5i tugng vir phuong phdp nghiGn cfm

2.1. Ddi tuvngnghi€n abu

Hai ttia di6m ctugc lga chgn cho mpc dich
nghi6n cr?u gdm: bei giling thuQc xE VAn C5c,
huyQn Dan Phugng, Hd NQi ld khu vgc bdi bdi
c6 vi tri th6p, trfing. Khu vgc ndy c6 lupg phr)

sa l6n <tuqc b6i dep hdng n6m. Diy li noi <t4i

diQn cho vung tAm tich tr6 ven s6ng vdi thdi
gian hinh thanh khoang 670 n[m. Bdi gi6ng

thuQc xd Phri Kim, huyQn Th4ch Th6t, Hd NOi

ld <ti6m dai di€n cho vtng nAm tich xa s6ng,

d6y ld khu qrc c6 trAm tfch gid hon v6i thoi
gian hinh thanh kho6ng 5900 nim [4].

MAu trAm tich dugc l6y vd sau <16 b6o quan

d nhiQt dO -200C d6n khi phdn tich. M6u nudc

ngim dO ph6n tich mQt s5 thdnh phAn h6a hgc

clugc lgc qua mdng cellulo acetate 0,2 pm, dlmg
vdo l9 polyetylene, o<it h6a toi pH<2 bing axit
HNO3 65%o, sau d6.ttugc chuy6n vA phdng thi
nghiQm vd bio qudn d nhiQt <tQ 4"C. Mdu phAn

tich As (III) vd As (V) clugc trich ra kh6i nhau

bing cQt tao d6i ion c6 chfa alumino silicat.

Bnng l. D[c di6m vitri Hy.m6u
(tlQ s6u so v0i mlrc nudc bi€n, m)

Ddc 56luqng DO 56luqng

di6m ma:] Tam sAu mau nuoc L'Q sau

ucn nsam
Trdm I
tich t6 -0,51 18 -11,5 -5,0

TrAm I
.t t ., 0,49 12 -6,9-3,7
ucn sra

,r-r"-*-t"rf-
tich

Nghi6n ctu tld sri dgng quy trinh chii5t cta
Wenzel [6] nhung c6 mQt si5 c6i titin nhim phir
hqp voi dec tinh cria trAm tich vd chgn lqc d.5i

vdi c6c dpng li6n k6t cria As tr€n c6c pha

kho6ng sht. C6c dich chii5t gdm: dung dlch
NaIICO3 0,5M dung dO chitit c6c dgng asen li&r
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kiit ytiu t€n bA m[t trAh tich, thsc nghiOm tluqc

ti6n hanh dua theo ly thuyet vA ktra ndng cqnh

tanh vi ri hAp php cua HCOi vdi AsO33- [8].
Dung dich HCOOH 0,5M <tugc di6u chinh b5ng

NaOH toi pH:3. Dung dlch ndy c6 d0 tl€m tdt,
pH elugc git 6n dlnh tong qu6 tinh chii5t m6u, vd

cluqc dung chi6t crlc dgng asen li€n k6t voi khoring

sat OC noa tan. H5n hgrp axit ascorbic 0,lM + NIf4
- oxalate 0,2M cl6ng vai td ld ch6t tgo phric vi ld
tac nhfu khrl hda tan cric pha 6xit set tintr th6 v5n

c6 tt$ bAn cao, thc nhdn ndy dnng d6 chitit c6c

dpng As li6n k6t chit tr6n c6c khoAng sit tinh
th6. HNO3 65% chiltchgn lgc dgng asen li6n k6t

fiong khoang sunfua bAn vfng. C6c th6ng sii

chi6t dugc trinh bdy nhu d bhng2.

Trong m5i ttri nghiQm chii5t, mdu trdm tich
rttlugc rd tl6ng, nghi€n nh6, trQn cl€u. Khoang 8 g

trAm tich dugc trQn v6i 80 ml dich chi6t tong
19 thty tinh c6 nft cao su ddy tlim bio kh6ng

cho kh6ng khi khuy6ch tan qua. Toin bQ qu6

trinh chuAn bi m6u chitit tlugc thao ti{c trong hQ

thSng kin (glove box) nhim kh6ng ti6p xric v6i
6xy, tl6m bio trpng th6i y6m khi nhu duoi ldng
dAt. Cac lq chi6t miu tffi tt6ng kin <tugc dat

trong m5y 6c 6 gid (250 vdng/phtt), nhiet dO

25"C. Ri6ng thi nghiQm hda tan kho6ng sunfua

tlugc thgc hiQn trong ld vi s6ng vdi axit HNO3

65%. Cic dich chi6t trAm tich tlugc l6y ra khdi
c6c l9 thi nghiQm, lgc vi bio qudn tuong tg nhu

7tlvdi mdu nudc ngdm, sau d6 x6c dinh hdm

lugng sit, asen tir c6c dich chii5t thu duqc.

Bang 2. C6c dich chi6t sit vd asen d c6c ph6n tlo4n
kh6c nhau

^_-,. Pha khoilng slt dugcnuoc iijii- Dich chi6t PH

@n *u""oro*rt rJ' b€ m6t
2 Pha sit aE noa tan HcooH 0,5M 3

a,xit ascorbic
3 Pha sit 6xit tinh thd o,lM + NI{4 - 3

oxalate 0,2M

4 Pha sit sunfua HNo3 65%' d=

2.3. Phrong phdp phdn tich hdm fuqng sdt,
asen trong dich chiiit vd trong nrdc ngim

Him luqng Fe2* trong dich chi6t vd trong
nu6c ngAm dugc ph6n tich ngay sau khi l6y
m6u bang thu6c thri Ferrozine, sri dpng thi6t bi
W-VIS DR/2010 (Hach). Thanh phan fe t6ng
tlugc x6c dinh bdng phuong ph6p quang ph6

h6p thu nguy6n tu sri dpng thiiSt bi 4,A-6800
(Shimadzu). As (III) vi As tl5ng clugc x6c clinh

bing thi6t bi AA-6800 tctit trqp v6i b0 t4o khi
hydrua HVG [9].

Gi6i h4n <linh luqng cta phuong phhp W-
VIS d6i v6i ph6n tich Fe2* li 0,1 mgll, vd x6c

tlinh tr€n thi6t bi AA-6800 aOi vOi phdn tich Fe

t6ng ld 0,1mglL,As ld 0,5 pgll.

3. K6t qui vir thio lu$n

3.1. Phdn bii asen trong cdc pha khodng sdt
ffAn hai loqi ndm fich

Hdm lugng sit vd asen trong c5c m5u trAm
tich thu tlugc tu ph6p chiiit dugc trinh bdy trong
hinh I vi hinh 2.

o me@d m 3m

Tdntich !i

Trintich gA

g Khoilg sit da hoa latr

r Khoring sit oxit tirh thl

lKhoing sit sunfrn

Hinh l. Hdm luqng sit t6ng t6n c6c pha
trong trAm tich.

30 A, (trolrD6o

oA, bip phu yau

6 A, . KIoaoS .il dt hd! b

r A. - Ktroing t& Ai titrh t[a

I Ar - Khoiag rit rufur

Hinh 2. Hdm luqng asen t6rg t€n c6c pha
' 'kho6ng sft nongtAm tich.
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Hinh trdn cho th6y hdm lugng sit t6ng d ci
hai lo4i trAm tich li tuong tluong nhau. Tuy
nhi6n d trAm tich tr6 khoing 6xit sit tinh the

chi6m 44% lugng sit t6ng (243,9 pmoUg).

Trong khi d6 d trAm tich gii khorlng sunfua

chii5m uu th6 khodng 65% sbt t6ng (203,2

pmoUg) vd kh6ng chrla d4ng 6xit sit tinh thC.

Nguydn nhAn c6 th6 do trAm tich gii ti6p xirc

vdi ddng chdy cria nu6c ngAm vdi thdi gian l6u

hon so vdi trAm tich tre n6n d4ng 6xit sit chta
As trong tAng chria nu6c gid de bi khri hda tan

vd bi rua tr6i. Ngodi ra nu6c ngAm thudng gidu

cacbonat b6o hda cflng ddn d6n xu6t hiQn ki5t

tua siderite (FeCO3) tal. Dey c6 th6 h $ do

khii5n trAm tfch gid c6 him lugng klor[ng s6t dE

hda tan (FeCO3) cao hon so v6i trAm tich t6 vd

kh6ng c6 khoang 6xit sit tinh th6.

K6t qui nghi€n cr?u cho th6y tai khu vgc

rAm tich tre hem lugng As li6n t<i5t vOi Oxit sit
tinh th6 ld cht y6u, chi6m 77% hiLm lugng As

t6ng (86,5 nmoVg). So s6nh voi trAm tich gii,
As t6ng chi6t dugc nho hon rAt ntriAu khoang

17,3 nmoVg. d trAm tfch gid, As li6n t6t tr€n

khoring sit sunfua b6n viing ld cht y6u (chiiim

8l%). CLc k6t quA niy cria nh6m chring t6i kh6

tuong d6ng vdi nghi€n cr?u cria Norrman vd

cQng sg tai Ven Phfc, Hi NQi. Norrman x6c

tlinh tluqc him lugng sit t6ng trung binh trong

trAm tich tr6 Holocene li 500 pmoUg, dpng 6xit
s6t, vA mangan chi6m tt 20 - 40%. Trim tich
gii Pleistocene c6 him luqng sit tuong ttuong

khoing 460 pmoVg vdi pha sunfua chitim uu

th6 khoing 300lo, cdn l4i li c6c pha rin kh6 tan

kh6c. Pha sit 6*it chi xu6t hiQn d gita tAng

phAn c6ch Holocene vd Pleistocene, xu6ng s6u

hon, kh6ng thAy xu6t hiQn pha 6xit sit trong

trAm tich [7].

Hinh 2 cho th6y As ti5ng trong trim tich tr6
Lrlcao gdp 4 l6n so vdi tr6m tich gii vi sdt 6xit

tinh th6 b dang kho6ng chr?a nhi€u asen. C6c
'Jrac gracno rang qua uinh gid h6a khoSng khi6n

di€n tich bA m6t b!thay a6i sc k6o theo s\r giii
ph6ng As vio nudc ngAm [2, l0]. Ngodi ra,

trAm tich tr6 chria nhidu ch6t hiiu co n€n cli€u

kiQn lJrrt dA hinh thanh hon vi pha Oxit sit tinh
th6 sE bi khri hda tan k6o theo qu6 trinh gi6i

ph6ng As vdo nudc ngAm [10]. Day cfing ld gii
thuy6t cho qu6 trinh 6 nhi6m asen t4i c6c khu

-l rJ
4rc tl6ng bdng pht sa c6 tinh kht cao.

3.2. Kiit gud min! hoa cho di€u ki€n khit cila
ntrtc ngdm vd m6i IiAn quan vdi trdm tich

Hinh 3 th6 hien s1r phAn b5 cria mQt sti

thanh phin oxi h6a kht chfnh trong nudc ng6m.

D[c tti6m chung cria c6c tAng nudc mang tinh
khtl h sy tham gia cria nhidu ch6t nhfn electon
kh6c nhau, sau sU khri cria oxy hda tan ld sg

khr! ninag mangan 6xit, ti6p theo li su khri sit
vi sunfat. Cu6i cirng ld su l6n men vft ch6t nru
co din tt6n tao san phAm NI{4*, CIIr, HCOi vio
nudc ngAm. Co ch6 gid thi6t cho s1r gini ph6ng

asen trong m6i truong ktrt diSn ra nhu sau:

4FeooH(As(v)) + gW + THzcq vi linh:0r 
4FeP++ s Hcq- + 6Hzo + AS(IID

d"*flT"*"

K6t qui vA nam lugng Fe, As trong nudc

ngAm t4i 2 vi Er nghiOn cr?u cfing tlugc trinh
bdy trong hinh 3. d ttru vuc trdm tfch fe, Fe

(II) dsng kht chi6m 90%, As (III) chi6m 95%.

Him luqng Fe trong nudc d khu vpc ndy cao,

khoang 170 pM (3 -290 pM). Tang n6ng nh6t

ld noi it kht nh6t n6n c6 it As, hdm luqng As

ting l€n khi nu6c cdng mang tinh khri, dat cgc

dai 3,7 1tM (275 ttdL\ vit ginm d6n khi cang
A ^ ,,4.xudng sdu. K€t qui cflng cho thAy nOng tlQ As
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(III), NH4*, CH4, HCO3- ting ddng thu$n vdi
ndng ttQ Fe (II) trong dung dich nudc. Him
lugng As trong trAm tich tre d khu 4rc ndy

dugc tim th6y h 86,5 nmoUg, cao hon r6t nhi€u

so v6i hdm luqng As tlugc tim th6y t4i B[ng-la-

ar(40
t46

tl6t cria nh6m tric gii Swartz ld 25 nmoVg [].
MQt nghiOn crlu kh6c cria nh6m xAc tlinh <lugc

lugng As trong trAm tfch tai xd Trung Chdu,

HuyQn Dan Phugng ld 130 nmoVg [4].

3C9r-(rl0
5100
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Didu kiEn khri cfrng x6y ra tuong ttr t?i khu

vpc trAm tich gid. C6c dai lugnB d{c tnmg cho

m6i truong khrl itAu tdng ddng thudn voi Fe (II).
Nu6c ngAm d khu vgc trAm tich gid c6 n6ng ttQ

Fe t6ng cao g6p 2 dn so voi trern tich tre. Tuy

nhi€n, ndng d$ As trong nudc virng ndy nho

hon so v6i trAm tich tr6, dao tlQng trong khoang

hgp 0,04 - 1,3 pM. Lugng As trong trim tich
gin th6p hon so vdi tAm tich tre, ndng dQ

khoang 17,3 nmoVg.

Nhu vgy, diAu kiQn knti ddu xhy rad cd hai

tAng trArn tich chria nu6c. Tuy nhi6n ngudn

cung c6p As linh tlQng kh6ng c6 d trong trim
tich gid md chi c6 trong trAm tich t6. Qu6 ninh

3A. Nu6c ngAm khu luc trAm tich tC (670 tu6i).

Fe(a]0 !is{'(rr9

to,o02o,40.6ol2o
C&{raO
1230

f,C0r-(rll)
510

8

4

0

4

-8

-12

38. Nudc ngAm khu vUc fiAm tich giA (3500 tu6i).

Hinh 3. Sy phAn b6 mQt sO tna*r phan nOa hgc trong nudc ngdm t4i khu ryc nghi€n cfu.

khri hda tan 6xit sit trong hAm tich trC c6 th6 h
nguy€n nhdn chinh gi6i ph6ng As cao trong

nudc ngAm 11,2,4, lll.
Virng 6 nhi6m As vi virng khOng d nhi6m

As el6u c6 m6i truong khfr. Nhung nAm tich tre

chfa 6xit s6t tinh th6 mang As, cdn d khu v.uc

tritn tich gid As li6n ktit chi ytiu tr6n khoang
^ ilsunfua b6n viing, vd kh6 bi giai ph6ng vao

nudc ngim. Vi thai md nudc ngim O khu vgc
:., . , !

trdm tich fr6 c6 n6ng dQ Fe cao, As cao. Cdn d

khu vyc trAm tich gid m{c dir nudc ngAm c6

ndng dQ Fe cao, nhtmg ndng dQ As th6p. Nhu
| ,t ,x

v4y c6c y€u t6 tl6 mQt tdng ngflm nu6c c6 As ld:

m6i truong tl6 phni mang tinh kht, c6 chria c6c

0
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dang li€n t6t vOi As vi dsng li€n k6t ndy phni

chiu tic <lQng cria m6i truong kht.

4. K6t lufn

O vung trim tich tr6l*ro6ng s6t 6xit tinh th6

chua nhidu As khi g{p diCu kiQn khri manh s€ bi
khri hda tan tt6ng thoi gi6i ph6ng As ra mdi
truong nudc ngAm. Hdm luqng As trong trAm

tich o khu vgc ndy li 86,5 nmoUg, hdm luqng
As trung binh tlugc tim th6y trong tdng chr?a

nudc ndy cfing kh6 cao, khoing 2,2 1tM. A
vung trAm tich gid him lugng As ld 17,3

nmoVg, As trong nu6c chi6m 0,6 pM. O khu

4rc niy, m6i truong khri xiy ra nhrmg kh6ng
c6 deng 6xit s6t tinh th€ mang As n6n mdi

trudmg nudc c6 it As.
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Study of arsenic distribution in sediment and groundwater
in the red river delta

Nguyen Thi Thu Trangr, Pham Thi Kim Trangr, Hoang Thi Tuoir,
Nguyen Thi Hoa Mair, Nguyen Nhu Khuel, Cao Thi Mai Trangr,

Vi Thi Mai Lanl, Pham Hung Vietl, Dieke Postrna2
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h this study, the distribution of arsenic (As) in sediment and groundwater was investigated in two
sites characteized by different sediments. The young sediment site which is near the Red river is at

the age of 670 years with rich organic matter deposited during flooding; the old one which is near

mountain was approximately formed about 3500 years ago and had less organic matter. The sequential

exfraction procedure which used different extractants including NaHCOT 0.5M, HCOOH 0.5M, the

mixture of ascorbic 0.1M and NI{4 - oxalate 0.2M, HNO3 65yo was applied to extract As from

different iron mineral phases in sediment. The results showed that the total content of As in young

sediment was 86.5 nmoVg in which As bound on crystalline iron oxide phase was predominant up to
77%o, while only 7o/o of As content was found in stable sulfide mineral. Old sediment had lower As
level (17.3 nmoVg), and only 4o/o of arsenic content was associated with crystalline iron hydrous oxide

but its content in sulfide minerals was 817o. The difference between two study sites is proposed for the

high As contamination found in groundwater in the young sediment site (165 pglL in average) and

less arsenic concentration in grotnd water collected at old sediment site (45 ltgfL in average). This is

due to the release of As during the reductive dissolution of As bearing iron oxide phases.


