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Tom tit:

Nghlen ctru trinh bay két qua vé sy bién ddi nong do asen (As) trong nuée ngim doc theo mdt mit cit tai khu vue
gan trung tam thanh pho Ha N01 Két qua cho thay, nuéc ngam tai khu vuc nay khong di an toan dé sir dung cho
muc dich an uong, v6i 64% s6 mau co nong do As vuot qua tiéu chuén cho phép cia Té chirc Y té thé giéi (WHO)
vé ndng do As trong nuéc in udng. Su bién doi As doc theo miit cit nghién ciru phu thudc manh vao dic diém tram
tich ciia tirng viing twong ing. Ngoai As, nwéc ngim tai diy ciing bi 6 nhiém béi ndng dd cao ciia Fe, Mn va amoni.
Nghién ciru ciing cho thiy mdi twong quan thuin giira As v6i cac thanh phan thé hién tinh khir cho méi truomg nudée
1a DOC (cacbon hiru co hoa tan), NH," va CH,. Tuy moi twong quan giira As voi Fe va Mn khong ro rang theo mot
chiéu hwéng, nhung véi cac két qua da dat du’(rc 6 thé khang dinh, sy hinh thanh cua As trong nuéc ngam & khu

vue nghién ctru la theo co ché khir hoa tan cac khoang Fe dudi diéu kién khir.

Tir khéa: asen, asen dia hoa, mit cat, nwéc ngam, Van Phic, vung chuyén tiép o6xy héa khir.

Chi s6 phén logi: 1.5
Gidi thiéu

Nude ngam bi 6 nhidm As khong phai 1a vin dé méi, n6
da duogc phat hién ¢ nhiéu noi trén thé gidi tir dau nhimg
nam 1980. O Viét Nam, nhitng nghién ctru vé 6 nhiém As
& Ha Noi va cac khu vue 1an can 1an dau tién duoc cong bd
vao nam 2001 bai M. Berg va cs [1]. Sau do, nhiéu nghién
ctru vé As trong nudc ngam da duoc thyc hién ¢ Ha Noi,
cac khu vuc 1an can va toan bo Dong bang song Hong [2-
5]. Két qua cua cac nghién ctru cho thdy, tang chira nuée
& Pong bang song Hong bi 6 nhidm boi As v6i nong do
1én téi hon 3.000 pg/l, trong d6 nuwéc ngam ting nong &
Ha Noi c6 ndng do As trong khoang 240-320 pg/l [1]. Hon
nira, mot khao sat trén toan bo vung DPdng bang song Hong
cho thdy, cac giéng co nong do As cao tap trung chu yéu ¢
cac khu vic déng dan cu doc theo song Hong nhu Ha N,
Ha Nam, Nam Dinh, Hung Yén, Thai Binh [5]. Tuy nhién,
khong phai tang chita nudc nao & cac khu vire ndy cing bi 6
nhlem As. Cac nghién ciru trén cling chi ra rang, nuGe ngam
tang noéng hay tang chtra nuc Holocene véi tram tich tré
va diéu kién khir manh d& bj 6 nhiém boi As nong do cao.
Trong khi d6, ting chira nuéc sau hon, véi trim tich gia hon
va diéu kién khir yéu hodc mdt sb noi thdm chi ¢o tinh oxy
hoéa thi it c6 kha nang bi 6 nhiém bai As [2-4].

Nuée ngam thuong duge st dung 1am nudc an udng,
sinh hoat trudc khi c6 nuée cap. Tuy nhién, do su gia ting
dan sd, dac biét & Ha Noi trong cac thép ky qua da dan dén
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viéc khai thac qua mirc ngudn nudc nay, gy nén tinh trang
nudc ngam d2 bi 6 nhiém bai As, cac chit hiru co, amoni va
nhitng cht 6 nhiém khac. Hién nudc ngam da dugc han ché
khai thac sau khi nhiéu nghién ctru cho thay, cac tang chua
nuée & khu vue Dong bang song Hong bi 6 nhidm boi As
voi néng dod cao [1, 2, 4-6]. Do d9d, cac nha may xu ly nuéc
da dan chuyén sang sir dung nude mat dé xu Iy va cung cap
nudc smh hoat cho thanh phd. Mic du vay, nude ngam van
1a ngudn cung cap chinh cho nudc sinh hoat ciia ca thanh
phé. Uéc tinh nam 2017, tong lugng khai thac nudc ngam
ctia toan Ha Néi la 1 triéu m’/ngay, trong khi do, lugng
nude miat duoc khai thac tir song Da va song Hong boi cac
nha may xu ly nudc chi dat khoang 330-350 nghm m3/ngay
[7]. Viéc khai thac qua mirc ngudén nudc ngam co thé lam
thay d6i huong dong chay tu nhién va xu hudng bd cap cua
nude ngam. Chinh viéc thay d6i huéng dong chay va sy bd
cap nay c6 thé dan dén sy lan truyén cac chat 6 nhiém, dic
biét 1a As, tir tang chira nudc phia trén xudng tang dudi von
dugc coi la an toan [8, 9].

Bai bao trinh bay két qua nghién ctru vé sy bién doi As
doc theo mot mat cit tai lang Van Phuc, huyén Thanh Tri,
thanh phd Ha Noi ciing nhu mbi trong quan gitta As va mot
s6 thanh phan hoa hoc cia nudc ngam trong khu vuc nghién
ctru dudi tac dong cua qua trinh khai thac nudc tap trung tai
trung tAm thanh ph.
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Abstract:

In this study, the author report detailed results of the
variation of arsenic in groundwater along a transect in an
area near the Hanoi city centre. The results showed that
64% of collected samples exceeded the WHO guideline
value for arsenic concentration in drinking water. The
arsenic concentration varied in a wide range, strongly
depending on the sediment characteristics of each zone
along the transect. Aside from As, groundwater in this
area also was contaminated by elevated concentrations
of Fe, Mn, and ammonium. The study also pointed out a
positive correlation between As and reductive chemical
species, namely DOC, NH_", and CH, in groundwater.
Although there is no clear trend in the correlation
between As and Fe, Mn, it can be concluded that the
formation of arsenic in groundwater in the study area
was due to the reductive dissolution of As-bearing iron
minerals under the presence of organic matter.

Keywords: arsenic, arsenic geochemistry, groundwater,
redox transition zone, transect, Van Phuc.

Classification number: 1.5

Phuong phap nghién ciiu
Vi tri nghién ciru

Khu vuc nghién ctru thudc dia phén xa Van Phic, huyén
Thanh Tri, cach trung tim thanh phd Ha Noi khoang 13 km
vé phia nam va déng nam (hlnh 1). bay la mot trong nhu’ng
khu vuc dién hinh cho Pdng bing song Hong do nim &
khuc quanh cta song, hang nam nhan dugc luong phu sa 16n
d6 vé gitip cho dit dai mau md, thuan tién cho viéc trong
cac loai hoa mau va cdy cong nghiép. Trudc day, khu vuc
nay thudng xay ra lut 16i vao miia mua va nudc ngam hau
hét duoc khai thac dé phuc vu cho muc dich an udng, sinh
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hoat cua nguoi dan noi day. Hién nay, nguoi dan da st dung
nude cdp cho an ubng va sinh hoat, nhung nudce ngam van
duoc khai thac, str dung tai mot ) ho dan cho cac muc dich
khac nhau (tudi ti€u vao mua khé hoac tdm giat). Hon niia,
nude ngam tai khu vuce nay ciing chiu anh hudng truc tiép
tr qué trinh khai thac nudc tap trung tor cac nha may xu ly
nudc tai trung tim thanh phd. Véi cac ddc diém tu nhién vé
dong chay nudc ngam, cac dic tinh vé trim tich ting chtra
nudc Holocene va Pleistocene cling nhu vi tri dia ly lam cho
khu vyc nay dac biét phu hop cho cac nghién ctru vé sy lan
tmyen cua As gitra cac tang chtra nudc [3, 4, 10]. Vi vay,
cac giéng quan tric da duoc lap dit doc theo mot mat cit
¢ khu vuc lang Van Phuc nham phuc vu cho cac muc dich
nghién ctru sy 6 nhiém As trong nudc ngam va sy lan truyén
giita céc tang chira nudc.

Hinh 1. Mat cat nghién ctru tai lang Van Phuc, Thanh Tri, Ha Noi.
(A) Mb ta vi tri dia ly cGa lang Van Phuc trong khu vic Béng béng séng
Hong (B) Anh v& tinh (Google Earth, 2020) mé ta vj tri mat cét va cac
giéng quan tric. Pwéong ké mau tréng danh dau mét cat nghién clru.

Ldy méu va phan tich

Téng cong 25 miu nude ngam & cac do sdu khac nhau
(khoang -20 dén -54 m tir mat dit) duoc ldy tir cac giéng
quan trac doc theo mit cit nghién ciru trong thang 4/2019
bang bom chim va phan nudc dong trong gleng dugc bom
bo hoan toan. Sau khi cac thong s6 hién truong on dinh (pH,
oxy hoa tan, do dan dién - Ec, thé 6 oxy hoa khur - Eh), cac
mau nudce nay dugc loc qua mang CA 0,45 um dé loai bo
ph?m khong tan vao trong 2 lo nhua. M4t lo cho phan tich
cac ion kim loai, NH," va PO, duoc axit hoa bé‘lng HNO,
(65%, Merck) t61 pH<2, 1o con lai cho phan tich cac anion.
Mau cho phan tich tong DOC duoc loc vao lo thay tinh co
nép kin v6i septum va axit hoa bang HCI (37%, Merck) t6i
pH<2. Cac miu nay sau d6 dugc bao quan lanh ngoai hién
truong va ¢ 4°C trong phong thi nghiém cho cac phan tich
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tiép theo. Mau cho phan tich CH, duoc lay truc tlep tir dau
voi vao lo chan khong (819 W, Labco Ltd) v6i thé tich nuée
khoang 2/3 lg. Sau do, cac lo nay dugc Gp nguoc va bao
quéan trong da kho ngoai hién trudng, roi trong ngin da ti
lanh dén khi phén tich.

Céc ion kim loai dugc phan tich trén thiét bi quang pho
hép thu nguyén tir AA-6800, Shimadzu. As tong duoc phan
tich trén cung thiét bi két hop v6i bo hydrua hoa (HVG-
AAS). Céac anion: F-, CI', Br, NO,, NO;,, SO dugc phan
tich bang thiét bj sic ky trao 601 10n HIC 20A Super,
Shimadzu. Cic ion NH,” va PO,* duogc phén tich bing
phuong phap quang pho hép thu phan tur trén thlet bi UV
1800, Shimadzu. Nong d6 DOC trong nudc ngim duoc
thuc hién trén thiét bi phan tich tong C hitu co TOC-V
Shimadzu. CH, dugc phén tich trén thiét bi sac ky khi GC-
2014, Shlmadzu Céc mau kiém chimg voi nong do co san
clia cac chit can phan tich (dung dich chuin da nguyén t6
ICP IV va ICP IX, Merck, mau kiém ching ndi bd ARS 26
va ARS 27; dung dich kiém ching anion PIA, Shimadzu)
duogc phan tich kém theo trong sudt qua trinh phan tich miu
thuc voi do thu hoi trong khoang 90-110%. Mdi phép do
cho ca mau thuc va kiém ching dugc thuc hién 3 lan va
%RSD cua cac phép do luon <10%.

Két qua va thao luan

Sw bién déi nong dp As trong nwéc ngam doc theo mdt
cat nghién cuu

Nong do As tong trong nudc ngam & mit cit nghién ctru
bién ddi trong khoang <5-525 pg/l, trong do6 c6 to1 64%
(16/25 mau) sO giéng nghién ctru cd nong do As vuot qua
tiéu chuan cia WHO va quy chuén Viét Nam ddi voi nuée
sach st dung cho muc dich sinh hoat (10 pg/l) tur 2 den 50
lan [11, 12]. Hon ntra, c6 the thdy, nuéc ngam c6 ndng do
As cao déu tap trung & cac giéng co do sau trong khoang 20-
40 m (hinh 2). Khoang nong d6 tuong tu ciia As trong nudc
ngam ciing duoc tim thiy trong nghién ctru cua Stopelli va
¢s (2020) [3], Eiche va cs (2008) [10] tai lang Van Phtc.

Dong chiy nwie ngim
-—
2000 1500 1.000 500
1.000 As (ng/h)
o 0-10
10-50
° 50-100
100-300

® 300-500

PO sdu (m)
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0 . tiép oxy hoa khit
Khodng cdch t¢i song (m)

Hinh 2. Sy bién ddi As trong nwéc ngdm doc theo mat cat nghién
clru.
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Ngoai 6 nhiém As, nudc ngﬁm tai khu vuc nay con bi
6 nhiém boi Fe, Mn va amoni véi ty 1& sé giéng vuot qua
QCVN 01-1:2018/BYT vé chit luwgng nude sach cho muc
dich sinh hoat lan lugt 1a 80 (20/25), 68 (17/25) va 72%
(18/25). Néu xét theo gia tri dwa trén sirc khoe cia WHO 14 2
mg/1 d6i véi Fe, 0,4 mg/1 d6i véi Mn thi van c6 t6i 68 va 60%
s6 giéng bi 6 nhidm (bang 1). Vi vay, hau hét cac giéng nay
khong du tiéu chuan dé sir dung lam nudc an udng [11, 12].

Bang 1. Néng dé As, DOC, CH, va NH,* tai mat cat nghién ciru.

Pjsau  Khoing  As Fe Mn DOC CH, NH,
m)  cich(m) (g) (mgh) (mg) (mgCH (mgh  (mgNN)
25 240 14453 12,58 0,77 0,65 - 0,60
-20 580 78,01 17,89 0,34 2,06 12,66 10,65
-30 580 24491 22,14 0,23 2,24 10,15 15,60
-40 580 235,62 23,54 0,29 2,01 6,92 12,34
-20 1.100 43934 997 1,05 5,64 39,87 53,00
28 1.100 52405 12,16 0,27 4,54 47,53 33,80
-40 1.100 388,77 13,60 <0,2 2,55 20,83 29,73
27 1.490 33995 20,20 <0,2 3,14 231 5,69
-20 1.490 437,59 20,09 <0,2 1,73 11,26 524
-25 1.640 52533 12,22 <0,2 6,26 57,84 67,40
-37 1.640 41637 11,40 0,21 1,98 6,00 10,17
-25 1.730 42307 11,46 0,55 3,89 37,36 26,50
-32 1.730 <5 <03 1,59 0,82 - 9,46
-47 1.730 10,50 16,00 1,14 113 0,18 0,54
-25 1.740 293,05 1044 0,96 2,70 15,55 18,20
-29 1.740 51,40 9,45 2,36 1,78 13,65 14,60
-32 1.740 <5 0,68 2,06 0,74 - 5,71
-37 1.740 <5 <0,3 2,69 0,72 - 0,97
41,5 1740 5,61 1,85 2,24 0,84 - 1,71
25 1.760 70,83 8,46 3,38 2,07 18,90 15,30
25 1.780 <5 0,73 1,99 1,23 0,38 11,04
24 1.790 - <03 1,26 0,91 11,93
22 1.980 - <0,3 2,49 0,67 - <0,2
38 1.980 - <03 0,32 <0,50 - <0,2
-54 1.980 6,90 24,83 1,14 0,61 - 0,65

Ghi chu: *-": khéng phat hién.

Ving chuyén tiép giita ting chira nudc Holocene va
Pleistocene thuong dugc xac dinh boi sy thay d6i diéu kién
khir ctia tang chira nuéc (ttr khr manh sang yéu hon), tir 46
tao thanh viing chuyén tiép 6xy hoa khir. Ving chuyén tiép
oxy hoa khtr trong khu vuc nghién ctru dugc xac dinh nhu
trong cac nghién ctru cua Stopelli va cs (2020) [3], Geen va
cs (2013) [4]. Neu xét doc theo mat cit va hudng cua dong
chay nudc ngam c6 thé thay, nong do As trong nudc ngam
cao, tang dan tir by song dén trude vung chuyen tiép va it
thay d6i theo do sau. Tai ving chuyen tiép oxy hoa khir,
nong do As lai giam dan va dic biét giam manh theo do sau.
Sau viing chuyén t1ep, hau nhu ' khong thdy sy xut hién ciia
As trong nudc ngam tai cac gleng nay (hinh 1 va 2).
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Tram tich khu vuc nghién ctru co su dan xen giira ting
Holocene (d0 sau 15-55 m), Pleistocene (18-45 m) va duoc
ngan cach bai 16p cach nude [3, 4, 10]. Theo cac két qua
nghién ctu vé dac tinh trAm tich tai khu vuc nghién ctru cho
thiy, img véi mdi dang tram tich s€ quan sat thiy nong do
As khac nhau trong nudc ngam. Khoang cach tir bo song
vao 600 m, nong do As trong nudc ngam tai day nam trong
khoang 78-245 pg/l ing véi tram tich Holocene gan bo
song (bang 1). Tién xa hon so v&i bo séng & khoang cach
1.000-1.600 m tng voi tram tich Holocene, nong do As
trong nudc ngam 1a cao nhit (340-525 pg/l) (bang 1). Ung
v0i vung nay, néng do NH,", CH, va DOC ciing la cao nhit,
qua do6 cho thay tinh khir cua ‘nude ngam ¢ vung nay manh
nhit. Con tai ving chuyén tiép, c6 thé thiy r6 ndng do As
giam manh theo do sdu twong Gmg véi sy thay ddi mau sic
clia tram tich tai ving nay (tlr cat/cat-bun trén xam sang cat/
cat-bun trén vang-nau). Cubi cling, ving ma hau nhu tim
thay rat it su c6 mit cia As ¢ khoang cach 1.760-1.800 m
(g véi tram tich tang Pleistocene.

Nghién ctu cho thdy, kha ning ting chtia nudc
Pleistocene bi 6 nhiém As do sy lan truyén tir ting Holocene
hoan toan c6 thé xay ra & khu vuc nay. Tir bang 1 c¢6 thé
nhan thay, nong d6 DOC trong nudc ngém la khé cao ¢ 2
vung tir bo song t6i trude ving chuyen tiép (trong khoang
0 dén 1.640 m). Néu c6 su lan truyén xay ra thi cic vét chat
hiru co nay ciing ¢ kha nang dugc vén chuyén theo dong
nuge ngdm t6i ving xa hon va séu hon, thdm chi vét chat
hiru co tir cac tang cach nudc cling co thé duoc van dong
va di vao tang chira nudc Pleistocene. Piéu nay lam cho
tang chtra nude Pleistocene cang ¢ nguy co bid nhiém As.
Nguyén nhan hinh thanh As trong nudc ngam duoc da sd
cac nha khoa hoc thong nhat 13 do As dugc giai phong vao
nuée ngam thong qua qua trinh khir hoa tan cac khoang Fe
dudi diéu kién khir voi su 6 mit cua cac vat chit hitu co [2,
13]. Tuy nhién, dé két luan chinh xac vé kha ning lan truyén
As toi tang chtra nu6e sau hon dudi tac dong cua qua trinh
khai thac nudc ngim qua mure thi cac nghién ciru vé sy bién
ddi As trong nude ngam theo thoi gian van can thiét.

Moi twong quan giita As va cdc thanh phfin khadc trong
nwoc ngam

Twong quan giita As va Fe: day 1a mdi twong quan ma
hau hét cac nghién ctru vé As déu dé cap dén. Theo cac nha
khoa hoc, mot trong nhiing gia thiét vé co ché 1am cho nudce
ngam bi 6 nhim As ndng do cao la do As hinh thanh dudi
diéu kién khir thong qua qua trinh khir hoa tan cac khoang
Fe c6 chira As trong tang chira nu6e véi sy ¢6 mit clia cac
chat hiru co [2, 10]. Theo gia thuyét nay, As s& c6 mdi trong
quan thuan v6i Fe. Tuy nhién, trong thyc té, mdi twong quan
thuan nay khong phai bao gid ciing c6 thé quan sat dugc. Do
trong tu nhién, cac téng chira nu¢ce thuong chiu tdc dong boi
nhiéu yéu té dia chat, thiry vin phurc tap ciing nhu cac hoat
ddng cua vi khuan nén thanh phan héa hoc nudc ngam ciing
bi anh hudng theo.
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Hinh 3. Méi twong quan As-Fe.

Hinh 3 thé hién méi tuong quan gilia As téng va Fe téng
& khu vuc nghién ctru. Tir hinh 3 c6 thé thy, twong quan
giita As va Fe tai mat cit nay dugc chia lam 3 ving tuong
g voi 3 mbi twong quan khac nhau néu xét dya trén co ché
hinh thanh As trong nudc ngém.

Ving 1 (mau xanh): As thp - Fe cao. Viéc ndng do Fe
tong tai cac g1eng nay cao trong khi sy c6 mat cua As lai
rat thip c6 thé 1a do tram tich tai diy khong co As hodc ¢
nhung da giai phong va van chuyén di noi khac sau khi qua
trinh khir hoa tan cac khoang Fe c6 chira As xay ra. Hoac
ciing c6 thé do As lién két voi cac pha khoang bén cia Fe
(nhu pha pyrit) ma ¢ diéu kién khtr théng thudng cia ting
chira nudce thi khong du manh dé c6 thé hoa tan cac khoang
nay, ddng thoi giai phong As. Vi cac nghién ctru ve su phan
b clia As trén cac pha khoang Fe trong tram tich tang chtra
nudc & Dong bang song Hong chi ra rang, As phan 16n lién
két voi pha khoang Fe (oxihydr)oxit tinh thé, mot phan nho
duoc phan bd trén pha khoang dé hoa tan va pha hap phu
ion. Trong khi d6, Fe lai chu yéu dugc tim thay trén 2 pha 1a
(oxihydr)oxit tinh thé va khoang d& hoa tan [2, 10, 14, 15].

Ving 2 (mau do): Fe thp - As thip, Fe cao - As cao.
Ving nay cho thdy mdi twong quan thuan giita As va Fe,
khi ndng do Fe tang thi ndng do As ciing ting theo. Hay noi
cach khac, cac gieng thudc Vung nay tuan theo ly thuyét vé
co ché giai phong As tir trim tich vao nudc ngim qua qua
trinh khr hoa tan cac khoang Fe c6 chira As.

Vung 3 (mau vang): Fe cao va As ciing cao, As tang
nhung Fe thi khong ting. Mdi twong quan khéng rd rang
nhu vung nay co thé 1a do qua trinh tai két tia ctia Fe voi
cac ion nhu carbonat va/hodc ion phosphate cd6 mat trong
nude ngam. Tic 13, tai cac giéng nay co ché giai phong As
tir trdm tich vao nudc ngim van tuén theo co ché khir hoa
tan cac khoang Fe va 1am cho ndng d6 Fe va As tai day cao.
Nhung sau khi di vao nudc ngam, véi sy ¢ mit ctia cac ion
nhu CO,* va PO da dlen ra qua trinh tai két tia cua Fe voi
cac ion nady va lam cho nong dd As tdng, nhung nong dd cua
Fe thi khong tang theo.

Khé nang hinh thanh hay hoa tan mdt khoang nao do
trong tang chira nude thudng duoc xem xét dua trén chi sd
bao hoa cua khoang d6. Hinh 4 biéu dién mbi quan hé giira
ham logarit hoat dg cation va anion cua cac khoang Siderite
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va Vivianite mg voi ting vung tuong quan Fe-As (cac diém
cham) véi cac dudng biéu dién tich so tan cia cac khoang
d6 (duong lién va duong dut doan). Nhin vao vi tri cia
cac diém so v6i cac duong tich sb tan cua timg khoang ¢
thé biét dugc trang thai bdo hoa cta khoang d6 trong nudc
ngam. Néu cac diém nam phia dudi duong biéu dién tich s6
tan thi khoang chua bdo hoa. Néu diém trung v6i duong thi
chung té khoang d6 da dat trang thai bao hoa. Truong hop
cac diém nam & phia trén dudng biéu dién thi khoang d6 dat
trang thai qua bao hoa va sé tai két tua.

Siderite Vivianite

Siderite

K=1089

log [Fe*]
log [Fe¥]

Tog [CO:*]

log [P0

Hinh 4. Trang thai bao hoa cua cac khoang Siderite va Vivianite
twong ng vé&i tirng vung twong quan giira As va Fe. Cac duong
nét lién va nét dit trong bidu dd biéu dién cho tich sé tan cla cac
khoang.

Tir hinh 4 c6 thé thiy, cic mau tmg véi ving 3 & ca 2
khoéang trén déu ¢ trang thai qua bdo hoa. Piéu nay co thé
chimg minh cho giai thich trén vé su twong quan khong theo
quy luat ctia As va Fe 13 xay ra su tai két tia cua cac khoang
Fe. Do d6, ham lugng Fe tai céc giéng nay cao nhung khong
tang ty 18 voi ndng d6 As va qua trinh tai két tua nay ciing
khong kéo theo sy tai két tia/hap phu ctia As trén bé mit cac
khoang Fe nay. Trang thai qua bdo hoa dbi véi cac khoang
ctia Fe ¢ khu vuc nghién ctru cling dugc khing dinh trong
nghién ctru ¢ cung khu vuc cua Stopelli va cs (2020), Eiche
va cs (2008) [3, 10].

Twong quan giita As va Mn: theo thir tu chudi 6xy hoa
khir xay ra trong nudc ngam thi cac oxit cia Mn s& bi khtr
trude khi xdy ra qua trinh khir hoa tan cac oxit Fe, dong thoi
giai phong As [13]. Piéu nay c6 nghia 13, néu chiéu theo quy
luat, noi nao Mn cao thi chua chic di c6 As, noi nao As cao
thi Mn ciing s€ cao.
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Hinh 5. Méi twong quan As-Mn.
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Tuy nhién, mdi twong quan giita As va Mn & khu vuc
nghién ctru lai khong hoan toan tuan theo quy luat nay. Tu
hinh 5 ¢6 thé thay, twong quan giita As va Mn & day cting
duoc chia lam ha1 vung. Vung 1 (mau xanh) cho thiy, tai
cac giéng nay nong dé Mn trong nudc ngam cao nhung
ndng do As lai thap, cd thé noi trong quan Mn va As trong
nudc ngam tai cac gleng nay tuan theo quy ludt trén. Tuy
nhién, ¢ vung 2 (mau do), quy luat nay khong con dung khi
ma ndng do As cao nhung Mn lai thap. Diéu nay c6 thé do
qua trinh tai két taa cac khoang cua Mn véi cac ion CO,*>
hodc HPO,* lam cho ndng d6 Mn giam xudng, trong khi do
As da giai phong ra sau qua trinh khir hoa tan khoang Fe thi
van con ton tai trong nudc.

MuHPO, Rhodochrosite
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Hinh 6. Trang thai bao hoa cac khoang cua Mn twong (rng véi tirng
vung twong quan As-Mn.

Hinh 6 biéu dién trang thai bio hoa cac khoang MnHPO,
va Rhodochrosite (MnCO,) trong nudc ngim tai cac gleng
0 khu vuc nghién cuu. T h1nh 6 c6 thé thay, nudc ngam tai
khu vyc nghién ctru 1a qua bao hoa dbi v6i khoang MnHPO,
va qua bio hoa mot phan dbi voi khoang Rhodochrosite 0’
ca hai ving twong quan trén. Didu nay co thé giai thich cho
su twong quan khong théng nhat giita Mn va As trén toan bo
khu vuc nghién ctru va mot lan nira khe‘ing dinh sy phure tap
ctia hé thong thiry dia hoa nude ngam.

T wong quan gitta As va cac thanh phan thé hién tinh
khir cia nuée ngam: qua trinh phan huy cac hop chat hiru
co dong mot vai trd quan trong trong tang chira nudc, lién
quan tryc tiép dén tinh 6xy hoa khir ciia moi truong nude
xung quanh n6. Nong d6 DOC trong nudc cang cao cang
thuan lgi cho qua trinh phéan hity chét hitu co do vi sinh vt.
Theo thtr ty day phan mg 6xy hoa khur xay ra trong nuge
ngam, NH," la san pham khir dau tién va CH, la san pham
khtr cudi cung Do d6, c6 thé néi rang, bén canh DOC thi
NH," va CH, cling 1a mot trong nhiing chi thi va thude do
cho tinh khu cia moi trudng nude ngam [13, 16]. Vi vy,
ve,mat ly thuyét, giita As tong véi NH,", CH, va DOC s& c6
moi tuong quan thuan theo gia thuyét moéi truong cang cod
tinh khu thi cang thuén loi cho qua trinh giai phong As vao
nudc ngarn Hinh 7 thé hién m01 tuong quan gitra As, NH,*
CH, va DOC trong nudc ngam ¢ khu vue nghién ctru. Qua
hinh nay c6 thé thay r6 mot diéu rang, giita As voi NH,* Lo As
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voi CH,, va gitta As voi DOC déu co mdi tuong quan thuén,
phu horp v6i quy ludt giai phong As tir tram tich vao nudc
ngam qua qua trinh khir hoa tan cac khoang Fe. Ngoai ra,
mdi twong quan nay con khang dinh méi trudng nudc ngam
tai khu vuce nghién ctru ¢6 tinh khu.

As-NH,* As-CH, As-DOC
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Hinh 7. Méi twong quan giira As véi NH,*, CH, va DOC trong nwéc
ngam & khu vwe nghién ciru.

Két luan

Két qua nghién ctru cho thiy, nudc ngdm tai khu vuc
nghién ctru 1a khong du an toan dé sir dung cho muc dich
sinh hoat, bai n6ng do As tai day cao hon tur 2 dén 50 lan
50 v6i tiéu chuan cho phép ciia WHO va QCVN 01-1:2018/
BYT. Ngoai As, nudc ngﬁm tai khu vuc nay con bi 6 nhiém
boi Fe, Mn va amoni. Sy bién d6i ciia As trong nudc ngam
tuong l'mg v6i dac diém tram tich cia timg vfmg doc theo
mit cit nghién ctru. Theo huéng dong chay, nong do As
tang dan tir bo song t6i trude Vung chuyen tiép va it thay
d6i theo do sdu, tai ving chuyén tiép thi ndng do As giam
manh theo d¢ sau cho t6i gan nhu khong xuat hién sau ving
chuyén tiép. Nghién ctru ciing cho thiy mdi twong quan
thuan gitra As va cac thanh phan mang tinh khir trong nudc
ngam nhu DOC, NH," va CH,. Ngoai ra, mdi twong quan
gilia As va Fe cling nhu gilta As va Mn cling da dugc phan
tich, tuy nhién mbi twong quan nay lai khong thé hién mot
xu huéng 16 rang. Qua d6 cho thiy, tinh phirc tap trong hé
thong thiy dia hoa nudc ngdm. Mat khéc, cac két qua nay
ciing khang dinh sy hinh thanh As trong nuéc ngam tai khu
vuc nghién ctru 1a theo co ché khir hoa tan cac khoang Fe
duéi diéu kién khir.

Nghién cttu nay duogc tai tro béi Truong Pai hoc Khoa
hoc Ty nhién, Dai hoc Québc gia Ha Noi thong qua dé tai ma
s6 TN.19.19. Nhém tac gia xin chan thanh cam on du 4n
“Retardation and mobilization of As at redox fronts under
advective flow conditions - a concerted multidisciplinary
approach (AdvectAs)” da cho phép nhom tac gia st dung
hé théng cac giéng khoan ciia du an dé phuc vu cho viéc
thu thap mau ding lam ddi twong nghién ctru trong cong
trinh nay.
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