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Abstract: This study investigated the removal capacity of arsenic (As) by natural manganese ore
materials (OMN). We used scanning electron microscopy (SEM), X-Ray Fluorescence (XRF), and
point-of-zero charge pHpzc to characterize the OMN. The As adsorption capacity of OMN was
tested at different pHs and flow rates in the adsorption columns. The results indicated that pH
affected the As removal capacity of OMN. The column adsorption was carried out continuously at
a constant flow rate of 10 mL/min for 30 days. The feed solutions with As concentrations of 0.3 and
0.1 mg/L were pumped into two columns in an up-flow mode. Two column adsorptions were 7.5
cm in diameter and 17.5 cm in height and were packed with 900 g of OM. During the 30 days of the
experiments, As concentrations in the effluent ranged from 0.006-0.217 mg/L and 0.003-0.051
mg/L, respectively, when As concentrations in the influent were 0.3 and 0.1 mg/L. The As
concentration in the treated solution during the first 12 days, when using a solution containing As at
a concentration of 0.1 mg/L, was below the WHO guidelines for drinking water quality and national
technical regulation on domestic water quality (QCVN 01-1:2018/BYT) (0.01 mg/L for As).
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Tém tit: Nghién ciru ndy duge thuc hién nhim danh gia kha niang xi 1y arsen (As) cia hat vat liéu
quing mangan ty nhién (OMN). Pic tinh cua hat vat liéu OMN duoc phan tich boi kinh hién vi
dién tir quét (SEM) dé xéac dinh hinh thai hoc bé mit vat liéu, huynh quang tia X (XRF) nham xéc
dinh thanh phan hoa hoc cic nguyén t6 va diém trung hoa dién tich (pHpzc). Kha niang xir 1y As ctia
vat liédu OMN duoc danh gia thong qua thi nghiém anh huong pH dung dich va thi nhiém hép phu
cot. Két qua thyc nghiém cho thiy, kha ning hip phu cua vat lisu OMN db6i véi As bi anh huong
boi pH dung dich. Thi nghiém hép phu cot duoc thuc hién véi tbe do dong chay khong ddi
10 mL/phit trong vong 30 ngay. Nong d6 As dau vao cia dung dich 1an Iuot 1a 0,3 mg/L va 0,1
mg/L dugc bom vao hai cot hap phu theo chiéu dong chay tir dudi 1én. Hai cot hip phu dugc thiét
ké véi kich thuge duong kinh 7,5 cm, chiéu cao cdt vat liéu 17,5 cm va chira duge 900 g vat liéu
OMN. Trong sudt 30 ngdy tién hanh thi nghiém ndng d6 As trong dung dich dau ra dao dong tir
0,006 — 0,217 mg/L va 0,003 — 0,051 mg/L tuong ung voi ndng d6 As dau vao 1a 0,3 mg/L va 0,1
mg/L. Dung dich d4u ra trong diéu kién thi nghiém voi nong do As dau vao ¢ mue 0,1 mg/L da dat
murc cho phép v6i ham lugng As theo hudng dan cia WHO cho nudc udng va quy chuan qudc gia
vé chét lugng nudce sach st dung cho muc dich sinh hoat QCVN 01-1:2018 (0,01 mg/L) trong 12
ngay dau thi nghiém.

Tir khéa: arsen, hip phu, xir Iy, quing mangan, méi trudng nudc.

1. Mé dau

Arsen (As) la mot & kim, c6 ty trong 5,73
g/cm® va co tinh giy doc cao, dugc x€p vao
nhom doc loai A cung voi Hg, Se, Pb, Cd. Nhiing
nim gan dy, van dé 6 nhiém As trong nudc
ngam da va dang dugc dic biét quan tim bai
nhiing anh hudng nghiém trong cia n6 dbi véi
suc khoe con nguoi [1]. Trong moi truong nudc
tu nhién, As phat sinh chu yéu tir cac khoang vat

" Téc gia lién hé.
Dia chi email: nguyenthihail28@hus.edu.vn

https://doi.org/10.25073/2588-1094/vnuees.5153

trong d4 va tram tich chira As. Mot s6 khoang vat
chinh chtra As bao gdm arsenopyrit (FeAsS),
orpiment (As2Ss) va realgar (AssS4),... Cac qua
trinh phong hoa va van chuyén 1a yéu t6 quan
trong quyét dinh sy giai phong va phan tan As
trong méi truong tw nhién [2]. Hai dang ton tai
chinh ciia As vd6 co dugc tim thiy trong méi
truong la arsenit (As (II)) va arsenat (As (V)).
Doc tinh cua As phu thudc vao trang thai ton tai
cua no, cac dang hop chit vo co va hitu co cua
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As (IIT) c¢6 doc tinh cao hon dang As (V) [3].
Phéan 16n su nhiém doc As thong qua viée su
dung ngudn nudc, dic biét 1a nudc ngarn tai
nhitng khu vyc nhiém As. Tai Viét Nam, dong
bang song Hong, c6 khoang 10 triéu ngudi bi
phoi nhiém As [4]. Phoi nhiém As s& gy ra cac
triéu ching bao gém cac bénh vé da, ung thu
phoi, ung thu than [2]. Vi vdy, viéc nghién clru
kha ning xu 1y 6 nhiém As trong nuoce ngam
bang cac vat liéu hip phu gia ré, sin co o dia
phuong sé& 1a tién dé cho nghién ctru trién khai
g dung cac hé théng xir Iy nude ngam cho céac
viing nong thon véi chi phi thép.

Hién nay, da co rat nhiéu cong trinh va dg an
nghién ctru sir dung cac phuong phap dé xu ly
As nhu phwong phap trao ddi ion, phuwong phap
hép phu, phuong phép sinh hoc va phuong phap
mang [5]. Trong d6, phuong phap hap phu duoc
mg dung phd bién voi nhiéu vu diém vé hiéu
qua xr 1y, chi phi thap, d& dang lap dat va van
hanh. Dé nghién ctru xir Iy As trong mdi truong
nuéce, cac nha nghién ctru trén thé gidi va Viét
Nam d4 tién hanh thir nghiém nhiéu dang vat liéu
¢6 ngudn gdc khac nhau nhu cac vat lidu ty
nhién, chit thai tir hoat dong san Xuét cong
nghiép va ndng nghiép, vat liéu tong hop [6-8].
Thong thuong cac vat lidu tong hop hodc thuong
mai bao gdm than hoat tinh hay c4c vat liéu nano
c6 kha nang xu ly As rat cao, nhiéu vat liéu c6
dung luong hap phu cuc dai 1én toi 56,1 mg/g
[9]. Trong khi do, cac vat liéu ty nhién hoac cac
vat liéu co ngudn gdc 1a chét thai tir khai thac ché
blen khoang san nhu bun do, tro bay, bun thai mo
sit hay cac phe pham néng nghiép c6 hidu qua
loai bo As thap [7, 10]. Tuy nhién, khi so sanh
v6i cac vat lidu tong hop dang nano hodc than
hoat tinh, chiing dugc danh gia va quan tam
nhiéu hon do gi4 thanh ré, tinh 6n dinh cao va c6
san tai nhiéu dia phuong [8]. Ngoai ra, da phan
cac khu vuc bi 6 nhiém As déu phan b tai céac
nudc dang phat trién, tai cic ving néng thon, véi
diéu kién kinh t& kho khan. Chinh vi vay, viéc
nghién ctru st dung nguyén liéu co6 gia thanh
thap, c6 sidn & dia phuong da va dang duoc cac
nha khoa hoc quan tdm nghién ctru hién nay.

Vit liéu quang mangan tu nhién 1a vat liéu
gia ré, c6 san. Tai Viét Nam, quing mangan tu

nhién dugc phan phéi rong rai & nhiéu dia
phuong nhu Tuyén Quang, Cao Bang, Ha Giang
va di duoc khai thac va phan phéi trén thi truong
thuong mai trong nganh vat li€u loc. Vi thanh
phan MnO; trong vt liéu day 1a thanh phan duoc
xem la c6 ich trong xtr ly As. Boi theo nghién
ciru cua Zhang va cs [11] va Xie va cs [12] da
ching minh rang cac vat liéu chita Mn trong
thanh phan déu c6 kha ning xu Iy As tbt, véi
dung lugng hip phu 1én téi 59,44 mg/g ddi véi
As(II) va 31,68 mg/g dbi voi As(V) [13]. Theo
Chakravarty va cs [13] da sir dung quang oxit
mangan ty nhién trong xtr ly dong thoi ca As(IIT)
va As(V) chi ra ring voi thanh phan tu nhién cua
cac quang oxit mangan lén t61 76,9% MNO,, vat
liéu nay c6 kha nang loai bo hoan toan As tai 6
diém xr Iy nuc ngdm co nong do As tir 0,04 dén
0,18 mg/L. Tuy nhién, hau hét cac nghién ciru
chi dimg lai trong didu kién thi nghiém hip phu
dang mé va hién co rat it cac nghién ctru dugc
thue hién trong diéu kién thi nghiém hap phu cot.
Viéc tién hanh nghién ciru kha ning xir 1y cua
vat liéu trong diéu kién thi nghiém hép phu ¢t
1a v6 cung can thiét boi day 14 co s¢ dé trién khai
tmg dung trong thuc tién [8]. Chinh vi vay,
nghién ciru nay duoc thyc hién nham: i) Danh
gia kha nang xtr Iy As cta hat vat liéu quang oxit
mangan trong diéu kién thi nghiém cot; va ii)
Panh gia tiém ning ung dung trong xir 1y &
nhiém As trong méi trudng nude.

2. P6i twong va phwong phap nghién ciu
2.1. DBoi twong nghién ciru

Trong diéu kién khir nhuw méi trudong nudc
ngam, dang ton tai chinh ciia As 1a As(III). Khi
khi bom 1én va khai thac 1én trén mat dat, As(I1I)
tiép xtc voi oxy va tao thanh As(V) theo phuong
trinh (1). Chinh vi vay, trong méi truong nudc
mit, As s& cha yéu ton tai & dang As(V). Dbi
tuong xu ly trong cac thuc nghiém cia nghién
cuu nay sé la cac dung dich As(V).

H3AsOs + 1/20, = H,AsO4 + HY (1)

Dé tién hanh céc thi nghiém, mot dung dich
gbc As(V) ¢6 ndng do 1000 mg/L dugc pha ché
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bang cach hoa tan 4,16 g mudi NaAsO4.7H,0
véi 1000 mL nude cét. Céac dung dich lam viéc
trong céc thi nghiém c6 ndng do As(V) ban dau
14 0,3 mg/L va 0,1 mg/L s& dugc pha loang tur
dung dich goc voi lugng nude cit tuong u'ng De
diéu chinh pH cua cac dung dich lam viéc vé
mirc pH mong mudn, hai dung dich HNOs va
NaOH c6 ndéng d6 0,01 M duoc dua vao sir dung.

Hat vat liéu loc quéng mangan tu nhién c6
ngudn gde tir mé mangan huyén Chiém Hoa, tinh
Tuyén Quang duoc thu mua tir Cong ty C6 phan
Thuong mai Dich vy Xuét nhdp khéu Phuong
Nam. Sau khi thu gom, hat vat liéu mangan dugc
rira sach voi nude voi, va 3 1an nudce cat dé loai
b6 cac chat bui, ban bam dinh. Sau d6 dem say
kho & nhiét do 60 °C cho t61 khi kho hoan toan.
San pham thu duoc dem di nghién nho, ray toi
kich thudce 0,5-1 mm, dem bao quan trong tui zip
kin va dugc ky hiéu voi tén OMN. Céc dac tinh
ctia vat lidu OMN dugc dic trung boi kinh hién
vi dién tor quét (SEM; Quanta-650), phuong
phap phéan tich huynh quang tia X (XRF;
Pioneer-S4) va diém dién tich khong pHezc. Gia
tri pHpzc cua vat liéu OMN dugc xac dinh béng
phuong phap dich chuyén pH (drift method).

Quy trinh tién hanh thi nghiém xac dinh
pHpzc gdm cac bude sau: i) Chuédn b cac binh
tam giac c6 dung tich 250 mL chtra 100 mL dung
dich NaC1 0,1 mol/L. ii) Piéu chinh pH ciia dung
dich NaCl trén vé gié tri pH lan luot 1 3, 4, 5, 6,
7,8 va 9; iii) Cho 0,1 g vat lidu OMN vao lan
luot cac binh tam giac trén; iv) Pem cac binh
chira hén hop vat liéu va dung dich trén di lic
trong diéu kién nhiét do phong vai tée do lic 160
vong/phut trong vong 24 gio; va v) Xac dinh gia
tri pH cua hdn hop dung dich sau khi két thuc
thi nghiém.

Sy thay doi pH (ApH) cua dung dich trudce
va sau thi nghlem duoc xac dinh qua phu’O’ng
trinh (2). Piém giao nhau glua duong biéu dién
giita sy dich chuyén pH ctia hdn hop pH trén truc
y va gi tri pH ban dau cta dung dich (pHi) trén
truc X voi truc x (x = 0) dugc xac dinh la diém
dién tich khong pHpzc.

ApH = pHi — pHf 2
Trong d6: pHi va pHf lan lugt 1a gia tri pH
ctia hon hop dung dich trude va sau thi nghiém.

2.2. Thi nghiém danh gia anh huong cua pH toi
kha nang xu Iy As cua vat lieu OMN

Anh huong ciia pH t6i kha nang xir Iy As ciia
vat liéu OMN duogc khao sat trong khoang pH
dung dich tir 2 dén 9. Gia tri pH dung dich duoc
diéu chinh bang dung dich HNO; va NaOH 0,01
M. Ty 1¢ vat liéu ran long 12 2,5 g/L. Cu thé trong
50 mL dung dich chira chat 6 nhiém As(V) c6
ndng d6 0,3 mg/L thém 0,125 g OMN. Qua trinh
hép phu duogc thuc hién & nhiét 4o phong, trong
vong 24 gio va lic & 160 vong/phut.

Kha ning hip phu va hiéu qua xir Iy As(V)
cua vat ligu OMN (ge; mg/g, H; %) sau 24 gio
dugc tinh toan theo phuong trinh (3) va (4).

_ (CO - Ce) xV (3)
T
4 (€0 = C)x100 (4)
Co

Trong d6: Co va Ce (mg/L) lan lugt 1a ndng
d6 As(V) trong nudc trude hap phu, sau 24 gio
héap phy; m (g) 1a khéi lwong vat lieu OMN; va
V (L) 14 thé tich dung dich As(V).

2.3. Thi nghiém hdp phu cét

Trong nghién ctru nay, thi nghiém hap phu
dang cot dugc tién hanh ¢ 2 didu kién véi nong
d6 chat 6 nhiém As(V) cua dung dich dau vao
khéc nhau lan luot 12 0,3 mg/L va 0,1 mg/L. pH
cua dung dich dau vao dugc diéu chinh tai
pH =7. Ndng d6 ban dau cta dung dich va gia tri
pH dugc mo phong phu hop vai didu kién thuc
té ciia moi truong nude. Boi theo Berg va cs [4],
ham luong As trung binh trong nudc ngdm tai
khu vy dong bang chau thd song Hong va dong
bang chau thé séng Mé Kéng lan luot 14 0,159
mg/L va 0,039 mg/L. Hay theo nghién cuu cta
Hai va cs [14], nong d6 As ciia mau nudc trude
va sau loc tai cac ho dan tai huyén Kim Bang,
tinh Ha Nam lan lugt dao dong trong khoang
0,06 - 0,178 mg/L va 0,013 - 0,109 mg/L.

Hai cot hép phu duogc thiét ké giéng nhau voi
duong kinh ¢t 1a 7,5 cm va chiéu cao cot vat
liéu 17,5 cm, chén 900 g vat liéu OMN. Phan day
va phan dinh cot hip phu dugc chén thém 1 cm
cat thach anh ¢6 kich thuge 0,5-1 mm. Thiét ké
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cot hép phu dugc mo6 phdng tuong tu cft vat liéu
trong cac may loc thuong mai pho bién trén thi
truong. M6 hinh thi nghiém c6t duoc thé hién &
Hinh 1. Thi nghiém thyc hién trong diéu kién
dong chay lién tuc sudt 30 ngay véi téc do dong
chay on dinh qua cot dugc diéu chinh & muc
10 mL/phat. Tong thé tich As(V) dugc xir 1y 1a
432 L. Dong dung dich chtra chat 6 nhiém duoc
bom vao cot hap phu theo chiéu tir dudi 1én. Thi
nghiém hép phu ¢6t dugc thyc hién 1ap 3 lan, gia
tri trung binh dugc trinh bay trong nghién ctu
cung véi sai sd.

Dé danh gia hiéu qua xtr 1y As(V) cua hat vat
liéu OMN, cac mau nudc sau khi chdy qua céac
ot hap phu duoc lay o cac thoi diém 1, 2, 3, 4,
5,6,7,8,9, 12,14, 16, 18, 20, 22, 25, 28 va 30
ngay tién hanh thi nghiém. Tién hanh do dac pH
clia cac mau nudc dau ra tai thoi diém ldy mau.

Hinh 1. So d6 thiét ké hip phu dang cot.
2.4. Phwong phap phan tich As

Nong d6 As trong cic mau nudc trude va sau
hép phu dugc xac dinh bang may quang phd hip
thu nguyén tir (AAS 280FS, Agilent). Gidi han
phat hién ctua may ddi voi chi tiéu As dat 2 pg/L.
Puong chuan phan tich duoc xdy dung trong
khodng ndéng d6 10-100 pg/L, véi cac mirc nong
do 1an luot 1a 10, 20, 40, 60, 80 pg/L.

3. Két qua va thio luin

3.1. Ddc trung cua vat lieu OMN

Két qua hinh thai hoc bé mdt SEM cua vat
liéu OMN dugc thé hién ¢ Hinh 2. BEé mat cua

vat liéu OMN khong ddng nhat, chia thanh nhiéu
16 nho, bé mit vat liéu nhiéu 16p vay nho, nong
xép chong chéo 1én nhau khong théng nhat tuong
dong véi quang mangan ferit (MnFe,04) trong
nghién ctru cua Frolova va cs [15].

Hinh 2. Hinh anh SEM cua vét liéu OMN.

Két qua phén tich thanh phan hoa hoc cua vat
lidu OMN théng qua ky thuat XRF cho thay,
thanh phan chinh ciia OMN chira oxit ctia cac
kim loai gdm Fe,O3 (55,67%), SiO; (15,34%),
Al;0s3 (14,23%), MnO (3,45%), va mot lugng
nho cac oxit MgO (0,46%), P20s (0,5%), TiO:
(1,25%), CaO (0,45%) va cac oxit khac. Véi
thanh phan nguyén t6 nhu trén, OMN dugc danh
gia 1a vat liéu tiém ning dé xur Iy As. Boi theo
Nguyen va cs [8], cac thanh phan trén cia OMN
déu c6 ich trong viéc xir 1y, loai bo As.

0.00

3,00

4,00 B.oa o 7,00 #,00 8,00 10/040

Hinh 3. Diém dién tich khong (pHpzc) ciia OMN.
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Piém dién tich bé mat vat liéu bang 0 —
pHpzc hay con goi 1 diém trung hoa dién tich
cua vt liéu OMN duogc xac dinh 1a 7,0 (Hinh 3).
Khi dung dich 1am viéc chtra chét 6 nhidém As co
pH thap hon gia tri pHezc (7,0), thi bé mit vat
liéu OMN s¢ tich dién duong va nguoc lai. Bé
mat vat lifu OMN s¢ tich dién am trong moi
truong dung dich c6 pH 16n hon gia tri pHpzc.

3.2. Anh hwéng pH t6i kha nang hap phu As cia
vat lieu OMN

Hinh 4 thé hién anh huong cta pH dung dich
t6i kha nang hap phu As cua vat lidu OMN. Két
qua cho thiy, khi thay d6i pH dung dich tir 2 dén
9, kha niang hap phu As cia OMN ¢ sy thay ddi
kha nhiéu. Khi pH ting tir 2-9 thi kha ning xtr ly
As ciia vat lieu OMN giam dan, Kha ning xir ly
As cua OMN dat cao nhit tai pH =2 (70,6%) va
thip nhat tai pH = 9 (30,4%). Tai pH = 7, dung
luong hip phu As cia OMN dat 0,083 mg/g va
hiéu sudt xir Iy dat 55,6%. Xu huéng hap phu cua
OMN trong diéu kién thay doi pH twong dong
v6i két qua nghién ctru ciia Maji va cs [16].

Gi4 tri pH cua cac dung dich sau hap phy tai
céc diéu kién pH ban dau tir 2,4, 5, 6,7, 8, 9 lan
luot 1a 2,14; 4,34; 5,42; 6,04; 6,62; 6,94 va 7.8.
Két quéa cho thiy gia trj pH cua cac dung dich
sau thi nghiém déu thap hon gia tri pHpzc (7,0)
ngoai trir diéu kién thi nghiém véi pH 9. Nhu
vay, su thay d6i pH lam anh huong t6i kha ning
xtr 1y As ctia OMN c6 thé 1a do khi pH dung dich
thip hon pHezc cia OMN (7,0) thi bé mit OMN
tich dién duong. Do d6, OMN dé dang tuong tac
v6i cac anion As(V) théng qua co ché luc hut
tinh dién.

Trong diéu kién méi truong pH cang thap,
ion H* cang nhiéu thic day qua trinh tuwong tac
ctia vat 1iéu OMN v&i anion As(V), diéu nay giai
thich tai sao khi pH tiang 1én thi hiéu suat xir ly
giam di. Mac du, kha nang xtr Iy OMN giam di
trong khoang pH = 9 vi pH > pHpzc, nhung qua
trinh hap phu van dién ra do qua trinh khuéch tan
bé mit hay con goi 14 tao phirc bé mit dén ra giita
OMN va cac ion As(V).

21 Dong loymg bp phy  ===Hiu sult Xip phy

0

N

Dy legmg hitp phy (mg/p)
Higu suit hip phy ("

pH2  pH4  pHS  pH&  pH?Y  pHME pHO
pH dung dich hilp phe

Hinh 4. Anh huéng cua pH dén qué trinh hap phu As
cua véat liéu OMN.

3.3. Khd ndng hdp phu As cia vit lieu OMN
trong thi nghiém cot

Nghién ctru kha nang hip phu As ciia vat liéu
OMN trong diéu kién thi nghiém cot dugc thuc
hién trong vong 30 ngay, tai 2 ndng do dau vao
As khac nhau lan luot 13 0,3 mg/L va 0,1 mg/L.
Két qua nghién ctru cho thay, sudt 30 ngay tién
hanh thi nghiém, dung dich dau ra c6 pH lan luot
dao dong trong khoang 6,2-6,8 va 6,3-6,7 khi
ndng d6 As(V) dau vao & mirc 0,3 mg/L va 0,1
mg/L. Nhu vy, pH cta cac miu dau ra déu thip
hon khong dang ké so v6i pH cua dung dich dau
vao (pH = 7). Két qua nay twong (mg Vi gia tri
pH ctia dung dich sau hip phu khi thyuc hién anh
huong pH t6i kha nang xu 1y As(V) cta vat liéu
OMN (Muc 3.2). Ngoai ra, gia tri pH cua dung
dich dau ra déu thap hon gia tri pHpezc cia vt
lidu OMN, cho thdy trong qua trinh tuong tac
OMN tich dién dwong va la diéu kién thuan loi
cho hép phu véi cac anion As(V).

Trong diéu kién thi nghiém ndng do As du
vao trong nudc thai & mac 0,1 mg/L (Hinh 5b),
ti 16 Ce/Co tang dan tir 0,036 1én 0,48, hiéu suat
xir Iy giam dan tir 96,37% xubng 51,84%. Nhu
vay, sau 30 ngay ti 1&¢ Ce/Co van < 1, do d6 vat
liéu OMN van c6 kha ning xur 1y tiép tuc As
trong thoi gian dai hon. Cu thé, sau 1 ngay thi
nghiém ti 1€ Ce/Co dat 0,036, tang 1&€n 0,072;
0,086 va 0,115 sau 5, 9 va 20 ngay tién hanh thi
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nghiém. Sau 30 ngay thi nghiém, ti 1¢ Ce/Co la
0,48 < 1, chung t6 vat liéu OMN chua bao hoa.

(a) ;
09 o Celo -l ’
¢ mE. at LR B
Rl ey .-....- p
N ' S o
L ]
0o bl
> 9. S
¥ b ! . 12
S o
04 i
0 .
o
0.1 s !
e ®
) leeeee® 0
123486785 0121416182022252830
I'hoi gian xur Iy (ngay)
(b),, 5

& CeCo - pll

08 i"ii.ij-&.np.

CelCo
°
pHtl

1 3 I S 6 7 8 9 1215202325 %

Thod ginn xir Iy (ngay)

Hinh 5. Dudng cong hap phu As cua vt lieu OMN
trong thi nghiém ct véi nong d6 As trong nudce
(a) 0,3 mg/L va (b) 0,1 mg/L.

So sanh & 2 diéu kién thi nghiém & 2 murc
néng dd As trong dung dich dau vao 0,3 va 0,1
mg/L cho théy, ti 1¢ Ce/Co cua vat licu OMN
trong diéu kién ndng do As dau vao 1a 0,3 mg/L
cao hon va tinh tién t6i 1 gan hon so véi diéu
kién con lai. Cu thé, ti 16 Ce/Co tdng dan tir
0,021; 0,100; 0,556 va 0,711 sau 1, 9, 20 va 30
ngay thi nghiém (Hlnh 5a). Do nong do As dau
vao cao khién cho bé mat hat vat liéu OMN tlep
xuc voi lugng 16n As trong thoi gian ngén khién
cho vat lié¢u OMN nhanh dat trang thai bdo hoa
dan tdi ty 18 Ce/Co ting nhanh. Diéu nay tuong
ddng voi két qua nghién ctru cia Nguyen va cs
[17] va Satya va cs [18]. Satya va cs ching minh
rang, khi nong dé dau vao chat 6 nhidm cao, cac

vi tri lién két phia ngoai hay bé mat cta hat vat
liéu hap phuy s& nhanh chéng bi 1ap day, bi chiém
hitu [18]. Luong 16n cac ion ctia chat 6 nhiém s&
d6 bo va tiép xuc voi bé mat vat lidu hap phu.
Ngay sau bi chiém hiru hét cac vi tri liéu két phia
ngoai, thi lugng chat 6 nhiém méi thém vao
khong c6 kha niang bi loai bo hon dugc nira.
Trong khi d6, lugng chat 6 nhiém trong nudc thai
v6i ham lugng nho s€ tiép xuc vo1 cac vi tri lién
két va bé mat vat liu tir tir, cac phan tr cua chét
6 nhiém dang ion c6 thé di sau vao trong céc 16
mao quan thong thoang cua vat litu. Toc do
chuyén dbi ctia cht 6 nhidm tir thé 16ng sang thé
ran trén bé mat vat liéu hap phu cham hon khi
ndng d6 dau vao chit 6 nhiém cao [18].

3.4. Kha nang xuw ly As cua vat lieu OMN

Sau 30 ngay thi nghiém, nong do As trong
dung dich dau ra trong ca 2 diéu kién thi nghiém
ndéng d6 As dau vao 0,3 mg/L va 0,1 mg/L dao
dong trong khoang 1an lugt 12 0,006 - 0,217 mg/L
va 0,003-0,051 mg/L (Hinh 6a va 6b). Trong
diéu kién thi nghiém tai ndng do As cta dung
dich dau vao 0,3 mg/L, thi kha ning xir Iy cta
vat liéu OMN trong 8 ngay dau xur Iy dao dong
khoang 0,006-0,02 mg/L, tor ngay thi 8, hiéu
sudt xir Iy giam déan, nong do As do dugc trong
dung dich dau ra 16n dan. Két qua so sanh véi
ndng do As cho phép theo quy chuén chat luong
nudc sach st dung cho muc dich sinh hoat
QCVN 01-1:2018/BYT va t6 chirc Y té Thé giGi
WHO (0,01 mg/L) cho thdy nong do As cia
nude sau 5 ngay xur Iy trong diéu kién thi nghiém
v6indng do As dau vao 14 0,3 mg/L ludn cao hon
muc cho phép.

Trong khi d6, trong diéu kién thi nghiém voi
nong do As trong dung dich nudc dau vao ¢ mirc
0,1 mg/L thi su6t 12 ngay thi nghiém dau, nong
dd As cia dung dich dau ra do dugc ludn dudi
0,01 mg/L. Nong d6 As do dugc trong nudc sau
khi xir 1y dat lan luot 1a 0,012; 0,037 va 0,051
mg/L sau 15, 25 va 30 ngay xir ly. Thé tich 16p
vat liéu (bed volumes-BV) cua cét thi nghiém tai
diéu kién dung dich dau vao As 0,1 mg/L do
dugc khi vuot ngudng 0,01 mg/L dat 250, két
qua nay twong dong vé6i gia tri BV cua vat lidu
da ong (BV = 250) khi dung dich As dau vao 0,1
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mg/L [17] va cua hat vat liéu tong hop tur
bun thai hé thong xir Iy nudc cung chitosan
(BV = 210) khi dung dich As dau vao chay tai
0,15 mg/L [19].
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Hinh 6. Kha nang xt l}'{ As cuia vat liéu OMN
trong thi nghiém cot v&i nong do As trong nude thai
(a) 0,3 mg/L va (b) 0,1 mg/L.

4. Két luan

Hat vat liéu quing mangan ty nhién OMN
thu thap tor mo mangan Tuyén Quang cé kha
nang xir Iy As trong méi truong nudc. Bé mit hat
vat liéu OMN khong dong nhat. Diém dién tich
khong cia vat liéu OMN duogc xac dinh dat 7.0.
Khé nang xt Iy As cta vat liéu OMN bi anh
huong boi pH dung dich, giam dan khi pH tang
tir 2 dén 9. Trong dleu kién thi nghiém cot, subt
30 ngay thi nghiém ndng d6 As dau ra dao dong
lan luot 1a 0,006-0,217 mg/L va 0,003-0,051
mg/L & 2 diéu kién As déu vao 1a 0,3 va 0,1
mg/L. Dung dich nudc thai As ddu ra trong diéu

kién néng do As dau vao ¢ muc 0,1 mg/L subt
12 ngay thi nghiém dau déu dat tiéu chuan cho
ham lugng As theo quy chudn chit luong nuéc
sach st dung cho muyc dich sinh hoat QCVN 01-
1:2018/BYT va t6 chirc Y té€ Thé giéi WHO (As;
0,01 mg/L). Nhu vy, hat vat liéu OMN c6 tiém
nang xu 1y As trong mdi truong nudc, tuy nhién
hiéu suat xir 1y con chua dai, can thiét phai c6
nhing nghién bién tinh dé ning cao kha nang xir
Iy tir d6 mo rong dugc tiém ning tmg dung cia
vat liéu.

Loi cam on

Nguyén Thi Hai duoc tai trg boi Chuong
trinh hoc bong sau tién si trong nudc cia Quy
DP6i méi sang tao Vingroup (VINIF), mi s
VINIF.2024.STS.23.

Tai li€éu tham khao

[1] N. M. Simfors, J. Bundschuh, Arsenic-Rich
Geothermal Fluids as Environmentally Hazardous
Materials—A Global Assessment, Science of the
Total Environment, Vol. 817, 2022, pp. 152669,
https://doi.org/10.1016/j.scitotenv.2021.152669

[2] P. L. Smedley, D. G. Kinniburgh, A Review of the
Source, Behaviour and Distribution of Arsenic in
Natural Waters, Applied Geochemistry, Vol. 17,
No. 5, 2002, pp. 517-568,
https://doi.org/10.1016/S0883-2927(02)00018-5.

[3] L. Zhang, X. Qin, J. Tang, W. Liu, H. Yang,
Review of Arsenic Geochemical Characteristics
and Its Significance on Arsenic Pollution Studies
in Karst Groundwater, Southwest China, Applied
Geochemistry, Vol. 77, 2017, pp. 80-88,
https://doi.org/10.1016/j.apgeochem.2016.05.014.

[4] M. Berg, C. Stengel, P. T. K. Trang, P. H. Viet, M. L.
Sampson, M. Leng, D. Fredericks, Magnitude of
Arsenic Pollution in the Mekong and Red River
Deltas-Cambodia and Vietnam, Science of the Total
Environment, Vol. 372, No. 2, 2007, pp. 413-425,
https://doi.org/10.1016/j.scitotenv.2006.09.010.

[5] P. Singh, A. Borthakur, R. Singh, R. Bhadouria,
V. K. Singh, P. Devi, A Critical Review on the
Research Trends and Emerging Technologies for
Arsenic Decontamination from Water,
Groundwater for Sustainable Development,
Vol. 14, 2021, pp. 100607,
https://doi.org/10.1016/j.gsd.2021.100607.



(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

N. T. Hai et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 41, No. 3 (2025) 43-51 51

K. Zoroufchi Benis, A. M. Damuchali, J. Soltan,
K. N. McPhedran, Treatment of Aqueous Arsenic
— A Review of Biochar Modification Methods,
Science of the Total Environment, Vol. 739, 2020,
pp. 139750,
https://doi.org/10.1016/j.scitotenv.2020.139750.

S. Lata, S. R. Samadder, Removal of Arsenic from
Water Using Nano Adsorbents and Challenges: A
Review, Journal of Environmental Management,
Vol. 166, 2016, pp. 387-406,
https://doi.org/10.1016/j.jenvman.2015.10.039.

T. H. Nguyen, H. N. Tran, H. A. Vu, M. V. Trinh,
T. V. Nguyen, P. Loganathan, T. H. H. Nguyen,
Laterite as A Low-Cost Adsorbent in A Sustainable
Decentralized Filtration System to Remove Arsenic
from Groundwater in Vietnam. Science of the Total
Environment, Vol. 699, 2020, pp. 134267,
https://doi.org/10.1016/j.scitotenv.2019.134267.

T. H. Nguyen, H. N. Tran, T. V. Nguyen, S.
Vigneswaran, V. T. Trinh, T. D. Nguyen, H. P.
Chao, Single-Step Removal of Arsenite lons from
Water Through Oxidation-Coupled Adsorption
Using Mn/Mg/Fe Layered Double Hydroxide as
Catalyst and Adsorbent. Chemosphere, Vol. 295,
2022, pp. 133370,

https://doi.org/10.1016/j.chemosphere.2021.133370.

A. L. Srivastav, T. D. Pham, S. C. Izah, N. Singh,
P. K. Singh, Biochar Adsorbents for Arsenic
Removal from Water Environment: A Review,
Bulletin of Environmental Contamination and
Toxicology, Vol. 108, No. 4, 2022, pp. 616-628,
https://doi.org/10.1007/s00128-021-03374-6.

G.S. Zhang, J. H. Qu, H. J. Liu, R. P. Liu, G. T. Li,
Removal Mechanism of As (I11) by A Novel Fe—
Mn Binary Oxide Adsorbent: Oxidation and
Sorption, Environmental Science and
Technology, Vol. 41, 2007, pp. 4613-4619,
https://doi.org/10.1021/es063010u.

X. Xie, C. Lu, R. Xu, X. Yang, L. Yan, C. Su, C,
Arsenic  Removal by  Manganese-Doped
Mesoporous Iron Oxides from Groundwater:
Performance and Mechanism, Science of The Total
Environment, Vol. 806, 2022, pp. 150615,
https://doi.org/10.1016/j.scitotenv.2021.150615

S. Chakravarty, V. Dureja, G. Bhattacharyya, S.
Maity, S. Bhattacharjee, Removal of Arsenic from

[14]

[15]

[16]

[17]

(18]

[19]

Groundwater Using Low Cost Ferruginous
Manganese Ore, Water Research, Vol. 36, No.3,
2002, pp. 625-632, https://doi.org/10.1016/S0043-
1354(01)00234-2.

N. T. Hai, N. T. Vinh, S. Vigneswaran, N. T. H.
Ha, T. T. Hoai, N. Q. Tuan, Groundwater Quality
and People’s Awareness—A Case Study in Hoang
Tay Commune, Kim Bang District, Ha Nam
Province, IOP Conference Series: Earth and
Environmental Science, Vol. 1383, 2024,
pp. 012011,

https://doi.org/10.1088/17551315/1383/1/012011.

L. Frolova, M. Kharytonov, I. Klimkina, A.
Koveria, Adsorption Purification of Waste Water
from Chromium Dby Ferrite  Manganese,
International Conference Essays of Mining Science
and Practice, Vol. 168, 2020, pp. 8.

S. K. Maji, A. Pal, T. Pal, A. J. Adak, Adsorption
Thermodynamics of Arsenic on Laterite Soil,
Journal of Surface Science and Technology,
Vol. 22, 2007, pp. 161-167.

T. H. Nguyen, A. T. Nguyen, P. Loganathan, T. V.
Nguyen, S. Vigneswaran, T. H. H. Nguyen, H. N.
Tran, Low-Cost Laterite-Laden Household Filters
for Removing Arsenic from Groundwater in
Vietnam and Waste Management, Process Safety
and Environmental Protection, Vol. 152, 2021,
pp. 154-163,
https://doi.org/10.1016/j.psep.2021.06.002.

A. Satya, A. Harimawan, G. S. Haryani, M. A. H.
Johir, L. N. Nguyen, L. D. Nghiem, S.
Vigneswaran, H. H. Ngo, T. Setiadi, Fixed-Bed
Adsorption Performance and Empirical Modeling
of Cadmium Removal Using Adsorbent Prepared
from the Cyanobacterium Aphanothece Sp
Cultivar, Environmental ~ Technology &
Innovation, Vol. 21, 2021, pp. 101194,
https://doi.org/10.1016/j.eti.2020.101194.

H. Zeng, Y. Yu, F. Wang, J. Zhang, D. Li, Arsenic
(V) Removal by Granular Adsorbents Made from
Water Treatment Residuals Materials and
Chitosan, Colloids and Surfaces A:
Physicochemical and Engineering Aspects,
Vol. 585, 2020, pp. 124036,
https://doi.org/10.1016/j.colsurfa.2019.124036.



