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This paper presents the results of a batch equilibrium adsorption
experiment aimed at determining the retardation factors (R) of four heavy
metal ions Niz+, Zn2+, Cd?*, and Pb?*due to their adsorption on soil particles
in an unsaturated zone. The experiments were carried out using clay-loam
soil samples collected from Man Xa commune, Yen Phong district and
Chau Khe commune, Tu Son city, Bac Ninh province, at two depths of 0+15
cm and 15+30 cm from the ground surface. The experimental adsorption
procedure is followed by the equilibrium adsorption method. Results
obtained showed that the adsorption of the 4 ions on soil particles in the
two study areas is linear and followed the Freundlich model. This allows
one to estimate the retardation factors of the 4 ions based on a model that
includes the equilibrium adsorption coefficient (Ky), soil bulk density (ps)
and soil porosity (6). The R values of the four ions in the soils of Man Xa
and Chau Khe vary from 2.30-16.27 depending on the nature of the
adsorbate. Ion Pb?+ possesses the highest R value for Man Xa soil. The
adsorption of Pb?+ is suggested to be followed by both physical and chemo-
adsorption mechanisms, it participated in an ion-exchange process with
protonium ion of goethite present in the soil, making the R value of the
species to be different.
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Phwong phéap thuc nghiém xac dinh hé s6 tré cia Ni2+, Zn2+, Cd2+
va Pb2* trong d&i khong bao hoa nwéc trong thanh tao bo roi
vung dit Man X4 va Chau Khé tinh Bic Ninh
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Ttr khéa:

Cacion kim loai nang Niz,
Zn?+, Cd?+ va Pb?+,

D &i khong bao hoa nuér,
Hé s6 tré,

Thyc nghiém.

Bai bdo trinh bay két qud xdc dinh hé sé tré (R) ctia bon ion kim logi ndng
la Niz+, Znz+, Cd2+ va Pb2+ do hiéu ting hdp phu trén bé mdt cdc hat ddt trong
doi khong bdo hoa nwoc bang pero'ng phap thuc nghiém. Thuc nghlem
dworc tién hanh véi loai ddt sét pha Idy tir xd Mdn Xd, huyen Yén Phong va
pero'ng Chdu Khé, thanh phd Tir Som, tinh Bdc Ninh & hai dé sdu 0+15 cm
va 15+30 cm tir mdt ddt. Quy trinh thuc nghlem hdp phu duoc tién hanh
theo phwrong phap hdp phu cdn bang Cdc két qud thuc nghiém vé hdp phu
cdc ion kim logi cta ddt phu hop véi mé hinh hdp phu Freundlich. Ngoai ra
cdc két qud thuc nghlem cting cho thay hdp phu Niz+, Zn2+ Cd?* va Pb?* trén
cdc hat ddt cua hai viing nghlen ctru la tuyen tinh. Tren co s¢ cdc két qud
thurc nghiém vé hap phu, hé s6 R ctia b6n ion trén nén ddt Mdan Xd va Chau
Khé da duwoc xdc dinh theo mé hinh c6 tinh dén cdc thong s6 dung trong
cua ddt (, pB) dé 16 réng cua dat ( 0) va hé s6 can bang hdp phu (Kd] Gid tri
R ctia bén ion nghién cttu bién doi tir 2,30+16,27 tuy thudc vao bdn chdt
ctia cdc ion. lon Pb?+ ¢6 gid tri R cao nhdt trong ddt Mdan Xd vi co ché hap
phu Pb?+ dworc cho la khdc biét so véi ba ion con lai. Co ché hdp phu ctia
Pb?+ khéng chi don thudn la hdp phu vdt ly ma Pb?+ con tham gia vao qud
trinh trao doi ion véi khodng goethite cé trong ddt lam tdng gid tri R.
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1. M¢é dau

0 nhi®m kim loai niang (KLN), vi du nhu As,
Cd, Hg, Pb, Ni, Zn,... trong méi tredng dat, nwéc va
khong khi 1a moi quan tdm 16n cta cac nha khoa
hoc cling nhw quan ly moéi trueong trén thé giGi
(Batool va nnk., 2018; Sharma va nnk., 2022; Das
va nnk, 2023; Piwowarska va nnk., 2024). Kim
loai nang trong mdi treong rat khé phan hay,
ching c6 tac hai déi véi moi treong va sirc khoe
con nguwoi (Guptavannk,, 2001; Sall va nnk., 2020,
Osae va nnk, 2023). Kim loai nang trong moi
tredong c6 ngudn goc phat sinh tw nhién nhw As
nhung chu yéu la tir cdc nguon nhéin sinh nhw rac
thai tir cc khu cong nghiép, tir bai thai phé liéu
cta cac lang nghé tai ché kim loai miu, tir giao
thong hodc tir phin bén ké ca phan bén vo co va
hitu co.

Theo thong bao ctia Giang (2022) thi bai luu
gilr thai phé liéu ctia lang nghé tai ché nhém Man
X4, xa Van Mon, huyén Yén Phong, tinh Bic Ninh
trung binh hang ngay nhin 30+40 tan phé thai tir
cac 10 tai ché nhom. Ham lwong KLN nhu Fe, Cu,
Ni, Pb trong dat khu vic nay vwot 1,5+16 lan so
véi quy dinh cda QCVN 03-MT: 2015/BTNMT
(2015). Nghién ctru cia Hoang (2018) vé hién
trang 6 nhiém KLN tir bai chon 18p rac thai, cha
yéu 1a rac thai sinh hoat, Kiéu Ky, Gia LAm, Ha Noi
cho thy ham lwong As va Cd trong dit gan ké bai
chon 14p vwrot 1,5+2 1an so véi quy dinh cia QCVN
03-MT: 2015/BTNMT. Cang gan khu virc chon 1ap
ham lwong KLN cang tang. O' khoang cach 5 m dén
mép bai chon 14p ham lwong Cr, Pb va Zn chi bang
khoang 50% so v¢&i tai ria bai chon 14p. Vi vay, van
dé phat tan 6 nhiém KLN tir cac bdi ch6n 14p hoic
chi¥a réc thai theo dién rong va chiéu siu ting dat
rat can dwgc quan tam nghién ctiu.

Trong déi khong bdo hoa nwéc, vat chat tan
trong nwéc khéng van dong dong hanh cung véi
dong nwéc ngdm theo cdt ddt ma ching bi chi phéi
bdi mot s6 yéu té dac trung cta dat. Toéc do van
ddng cda vat chat tan trong dong nwé'c ngdm cham
hon so véi téc dd di chuyén cia nwée do tac dong
cta hiéu rng hdp phu trén bé mat cic hat dat.
Ngoai hiéu rng hap phu, vit chat trong qua trinh
van déng cling dong nwéc ngdm con bi chi phoi
b&i hiéu &ng phan tan cling lam chim téc do dich
chuyén va phan bd vét chit trong nwéc ngdm theo
phau dién dat. Hiéu ¢ng hap phu cta dat doi voi
vat chit tan trong nwéc ngam, trong dé c6 cac tac

nhan 6 nhiém nhuw kim loai niang, dwoc dic trung
béi hé s6 tré R (Retardation factor). Hé s6 tré (R)
cua vat chit tan trong dong nwéc ngdm va di
chuyén cling nwéc ngdm theo phiu dién ting dat
dwoc dinh nghiala ty sé gitra toc dd di chuyén mat
tién dong nwéc ngdm va téc do di chuyén mat tién
cua vat chat do (https:// byjus.com/ chemistry/
rf-value). Gia tri cia R phan anh vit chit wa pha
ran 1a dat, néu R>1 hay wa pha nwédc, néu R<1. Day
13 do 4nh hwdng ctia qua trinh phin bd vat chit
gitra pha 16ng 12 nwére va pha ran 13 cac hat dat. D€
xac dinh mirc d0 phan tan/lan truyén vat chat tan
trong nwéc ngdm theo phiu dién ting dit, mot sd
mo hinh da dwoc xay dung, trong d6 cé tinh dén
hé s6 tré (R) va hé s6 phan tan thiy dong luc (D)
nham dw bao mirc d6 lan truyén 6 nhiém trén khu
vue c6 ngudn diém phat sinh 6 nhiém. Mat khac,
hé s0 R ciling dwoc xac dinh riéng ré & quy md
phong thi nghiém bang ky thuat hdp phu theo mé
(Allison va Allison, 2005; EPA, 2004; Kumar,
2019), bang phwong phap str dung cot thim (EPA,
1999) va phwrong phap mo6 hinh héa quy mo hién
truwomg (EPA, 1999). Gia tri hé s6 R xac dinh bang
cac phwong phap ké trén déu thong qua gia tri hé
s6 can bang hap phu hay con dwoc goi 1a hdng s6
phan bé (Kq) ctia KLN gitra pha nwéc va pharan la
cac loai dat c6 tinh chat vat ly, hoa ly va hoa hoc
khac nhau.

Phwong phap hap phu theo mé quy mo6 phong
thi nghiém la str dung dung dich c6 chira KLN pha
trong nwéc sach véi nong do ban dau (Co, mg/mL)
nhit dinh. Ldy mot thé tich dung dich V (mL)
khudy déu véi m (g) dat da say kho va nghién dén
c& hat <2 mm véi cac khoang thoi gian ¢ . Tai cac
thoi diém ¢ 18y 1+2 mL mAu huyén pht, loc nwéc
khai dat roi xac dinh nong dé6 KLN con lai trong
pha nwéc (€, mg/L). Ham lwong KLN da hap phu
trén dat & thoi diém ¢ (q, mg/g) dwoc tinh theo
cong thirc (Allison va Allison, 2005):

_ (Co—CpxV

qe = ————,mg/g D

m

Khi thoi gian hip phu da dai dé hap phu dat
can bing, tirc 12 ndng do C.khong déi theo thoi
gian, thi gia tri C;va q. trong biéu thirc (1) dworc
thay, twong (g, bang C. va g. (ndng do KLN trong
phanwécvaham lwong KLN trong dit & trang thai
can bang). Hang sd can bang hip phu K, dwoc tinh
theo cong thirc (2) (Allison va Allison, 2005; Chabi
vannk, 2022).
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q (Co—=Ce)x V
Kd — He — 0 e
Ce mxCe

L/g ()

Néu hip phu tuin theo md hinh tuyén tinh,
tirc 14 gty 18 thudn véi C. (ge = Ka x C2) thi hé s6 R
dwoc tinh theo cong thire (3) (Van, 1981; Van va
Wierenga, 2003) :

R=1+ Kyx %B 3)

Trong d6: Ky, pp va 0 - hang s6 can bang hap
phu, dung trong cia dat (g/cm3) va ham lwong 4m
twong doi trong dat (cm3/cm3).

Néu hap phu khéng tuin theo mo hinh tuyén
tinh thi hé s6 R dwgc tinh theo cong thirc (Chabi
vannk, 2022).

R=1+ de ,D_B (4)
e

Trong do: Ky va ps - twong tw nhw ky hiéu cua
biéu thirc (3), ne - 616 rong hiru hiéu cia dat (cm3
16 rong/cm3 thé tich téng s6 ctia mAau dat).

Phwong phap x4c dinh hé s6 R bang ki thuat
hip phu theo mé c6 wu diém ndi bat 1a thuc
nghiém dwoc tién hanh nhanh chéng véinhiéuion
KLN trong cac moi trueong hdéa hoc khac nhau.
Thiét bi ré tién, dé ché tao. Nhwoc diém chinh cta
phwong phap la d6 13p lai cia két qua thyc nghiém
thwdng 1a kém vi thanh phan vat chat cia mau dit
rat khéng dong déu (Chabi va nnk., 2022).

Phwong phap x4c dinh hé s6 R bang ki thuat
cOt tham la dung cot nhoi dat c6 kich thuée hat <2
mm, c6 dung trong va do 16 rong da biét, duwgc lén
chit dén mirc dung trong dat trong cot thAm bang
hoic gin bang dung trong cia miu hién truong,
r6i cho dung dich c¢6 néng d6 KLN (Cy, mg/L) c6
tinh hdp phu cing véi mét ion chi thi khéng c6 tinh
hap phu véi néng do CE" (ndng d6 ban dau C ctia
tracer), thwong 1a ion Cl- di qua cot. Pwong cong
thoat néng do (BTC: Break Through Curve) KLN
va ion chi thi dwoc quan tric. Pwong cong thoat
nong do la moi twong quan gitta néong do KLN
cling nhw ion chi thi trong dong nwéc chay qua cot
dat theo thoi gian. Trén co sé BTC ctia ion chi thi
x4c dinh van t6c nuéc chay theo 16 rong cla dit
trong cot (vp, cm/h) va BTC cia KLN xac dinh van
tdc di chuyén cuaa ion KLN (v, cm/h). Theo dinh
nghia thi gia tri hé s6 R sé dwoc tinh theo cong
thirc (Chabi va nnk,, 2022):

R=2_te (5)
Ve o U

Trong d6: t. va t, - thdi gian ion KLN
(contaminant) va thoi gian ion chi thi (tracer) bat
dAu xudt hién (16 ra) khai cot dat.

Vi thuc nghiém dwoc tién hanh bang cot nhoi
dat nén gia tri R xac dinh bang cot thAm c6 thé dua
ngay vao md hinh mé ta qua trinh di chuyén cta
KLN theo cot dit trong d&i khéng bio hoa nwéec.
Nhwoc diém chinh cta phwong phéap c6t thim la
hé thiét bi thi nghiém thwong dat tién, thoi gian
thuwc nghiém kéo dai va c6 nhiéu yéu to bat dinh
anh hwdng dén dé chinh xac cia két qua thuc
nghiém (EPA, 2004).

Phwong phap md hinh héa quy mo hién
trwong la 4p dung mot mo hinh vin chuyén vét
chit da dinh véi cac thong s6 quan tric vé nuéc
dwdéi dat da thu thip dwoc dé xac dinh hé sé R. Cu
thé cc thong sd dau vao ctia mé hinh can biét la
néng do cac KLN tai ngudén phat thai, ngay KLN
xam nhip vao ting dit, hwong va téc do dong chay
cua nwéc dudi dit, nong dé KLN trong nwéc tai
giéng quan tric, khoang cach gitra diém phat thai
va giéng quan tric, hé s6 phan tan va sd hang
nguon phat thai KLN. V&i phwong phap thuc
nghiém nay ciing phai xac dinh BTC ctia KLN tai
giéng quan tric. Hé s6 R dwoc x4c dinh theo biéu
thirc (5), véi téc d6 van chuyén cia nwéc chay
theo 16 rong (v,) dwoc tinh theo dinh luat Darcy
(EPA, 1999):

Vda

V. =
14 Ne

(6)

Trong dé: v4 va n. - van téc chay theo Darcy
(hé s6 dan lwu) va d6 16 rong hiru hiéu.

Phwong phap mé hinh héa quy mo hién
treong duwgc tién hanh trong diéu kién gan véi
thuc t& nhat vi nong do 6 nhiém dwoc do truc tiép
tai giéng quan trac. Cac diéu kién dia chit ciing
dung véi thuce té. Nhwoc diém cia phwong phap
nay la mo hinh st dung dé tinh R can phai c6 mot
sO gia thiét nhw t6c d6 dong chdy, hwéng dong
chdy phai dong déu. Nhirng gia thiét nay trong
nhiéu treong hop 1a khong hién thuec.

(' Viét Nam da c6 mét s6 nghién ciru xac dinh
hé s6 R cua arsen trong ting chira nwé'c Holocene
va Pleistocene. Nguyen va nnk. (2014) tién hanh
thwc nghiém hdp phu arsen theo mé trén sa lang
tang Holocene ven song Hong, gan bai giéng Nam
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Du, trong phong thi nghiém. Van va nnk. (2013)
tién hanh xac dinh hé s6 R cuia arsen trong ting
chira nwée Pleistocene khu vire Van Phic, Ha Noi
trwc ti€p ngoai hién trwong. Tuy nhién, As 1a
nguyén t6 dé thay ddi héa tri phu thudc vao diéu
kién dia tAng. Asen hoa tri V (As(V)) hiap phu manh
trén khoang goethite (FeOOH) trong déi khong
b3o hoa nwérc va hdu nhw khong tan vao pha nwérc.
Tuy nhién, trong ting bdo hoa nwéc néu c6 mat
cac hop chat hiru co, diéu kién méi tredng tré nén
mdi treong kht, thi As(V) rat dé bi khir b&i cac
hop chat hitu co chuyén sang héa tri I11 (As(111))
¢6 do linh dong cao va tan vao pha nuwéc. Thuc
nghiém xac dinh R cta As trong phong phai tién
hanh trong budng kin (glove box) v&i moi tredong
khi nito, twong déi phirc tap (Nguyen va nnk,,
2014).

Cacion Ni2+, Zn2+, Cd?+ va Pb2+ 1a cacion bén &
trang thai s6 hda tri I va trang thai héa tri nay
khong bi thay déi trong qua trinh dich chuyén tir
d&i khong bao hoa xudng déi bio hoa nwéc. Trang
thai hoa tri ciia cac ion ké trén ciing khéng thay doi
néu trong dia ting c6 cac tic nhan oxy-héa khir
nhu cac hop chit hiru co. Chinh vi vAy ma tinh chit
hap phu va giai hip phu (tan tir dit/sa lang vao
nuwdc) la rat khac so véi qua trinh hap phu cta As.
S6 liéu vé hé s8 tré ctia KLN trong cac loai dat con
rat it dwoc cong bo trén cac tap chi khoa hoc dé
tham khao phuc vu céng tic dv bao lan truyén 6
nhiém tir cAc ngudn diém.

Muc dich ctia nghién ctru nay 1a bang thuc
nghiém trong phong xac dinh hé 8 tré (R) ctia bon
ion kim loai Ni2*, Zn2+, Cd2* va Pb?* trong d&i
khong bao hoa nwéc. Phwong phap thuc nghiém
12 phwong phéap hap phu can bang. Theo chiing toi
dworc biét thi diy la lan dau tién bo s6 liéu vé hé s6
tré ctia bon ion KLN nghién ctru 1an dau tién dwoc
cong bd ddi véi loai dat sét pha Viét Nam.

2. Pdi twong va phwong phap nghién ciru

2.1. béi twong nghién ciru

Dboi twong nghién ctru la dat sét pha lay tir
khu virc bai thai clia lang ngheé tai ché nhém Man
X4, huyén Yén Phong va tir mot bai chira chat thai
& phuong Chiu Khé, thanh phd Tir Son, tinh Bac
Ninh. M4u dit dugc ldy & hai d6 sau 0+15 va
15+30 cm tir mat dat. DAt nghién ciu cé thanh
phdn co gi¢i tinh theo phan tram nhw sau:
cat:bun:sét 28,0:33,2:38,8. Theo so d6 phén loai

dit cha Bd Nong nghiép Hoa ky
(https://stormwater.pca. statemn.us/) thi dat
nghién ciru thudc loai dat sét pha (clay-loam).

2.2. Xdc dinh thoi gian dat can bang hdp phu
(déng hoc) qud trinh hdp phu

Thwcnghiém xac dinh ddng hoc qua trinh hap
phu Ni2+, Zn2+, Cd2+ va Pb2+trén hai loai dit dwoc
tién hanh theo Huéng dan ctia Hoi Thir nghiém va
Vit liéu Hoa Ky (ASTM, 2016), gobm hai buédc:
Buéc 1: Xac dinh thoi gian dat cAn bang hap phu
(dong hoc qué trinh hap phu); Budc 2: Xac dinh
mo6 hinh hap phu lam co s& tinh gia tri R.

Cac mau dat dwoc sdy khod & 40°C dén khoi
lwong khong déi, nhe tay nghién mau st dung cdi
va chiy str dén c& hat qua ray 16 2 mm dé loai bo
cac hat san va ré c6. Mau dwoc ngdm rira sach hau
nhuw hoan toan Ni, Zn, Cd va Pb bang nuwéc khi ion
néng. Mirc d6 sach KLN cia mau dat dwoc kiém
tra bang ky thuat khéi ph6 cam tng plasma (ICP
MS) trén thiét bi PlasmaQuant (Analytik Jena, CH
LB Dirc) phén tich nong dé KLN trong nwéc sau 5
l4n ngdm rtra.

Dung dich chira d6ng thoi cdc mudi nitrat Ni,
Zn, Cd va axetat Pb loai sach cho phan tich (PA, tir
Trung Qudc va Merck, Dic) véi ndng do 45 ppm
(mg/L) dwoc pha trong dung dich CaCl; 0,1 M,
twong dwong dung dich nwéc trong dat (ASTM,
2016). Néng d6 dung dich ban dau l1a 45 mg/L
dwoc quyét dinh trén co s¢ s6 liéu phén tich nong
dd cac ion kim loai Ni2+, Zn2+, Cd2+ va Pb2* trong
nuwdc mat 1y tir hai viing nghién ctru dao dong tir
12+45 mg/L. Nong do t6i da la Zn2+ va toi thiéu la
Cd?+. D€ phép phan tich c6 do lap lai tot da chon
mirc nong do trung binh cho tat ca cac ion la 45
mg/L.Nong do cac ion Ni2+, Zn2+, Cd2+ va Pb2+trong
dung dich dwoc xac dinh bang ky thuat ICP MS
trén thiét bi PlasmaQuant (Analytik Jena, CH LB
Dirc). Gidi han phat hién cia thiét bi doi véi bon
iontrénla 1 ug/L (1 ppb). P4 1ap lai ctia phép phan
tich khong sai 1éch qua +7%.

Dung lwong hap phu theo thoi gian (g¢) cta
mAu dat dugc tinh theo cong thirc (1) véi Co=45
mg/L, V=100 mLvam=3g.

2.3. Xdc dinh dé réng trong ddt

Do rong cac lép dat 0+15 va 15+30 cm tir mét
dat dwoc xac dinh theo TCVN 5301:1995-Chit
lwong dat-ho so dat.
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Do rong cta lép dat (n) dwoc xac dinh theo

cong thirc:
PB
n=1 o @)

Trong d6: n - d6 rong clia dat (%); ps- dung
trong (g/cm3); pp- khoi lwong riéng cia dat
(g/cm3).

Phwong phdp xac dinh dung trong va khai
lwong riéng cta dat (pgva pp) tuin theo, twong
ung, TCVN 6860:2012/BKHCN va TCVN
11399:2016/BKHCN.

2.4. Xdc dinh dé tuyén tinh ctia qud trinh hdp
phu

Thi nghiém dwoc tién hanh véi bén gia tri
noéng do ban dau Cy nhw nhau cta bon ion Niz+,
Zn?+, Cd2+ va Pb?* 1a 60, 45, 30 va 15 mg/L trong
dung dich CaCl; 0,1M va thoi gian hip phu du dai
dé dat cin bang. Sau thoi gian hip phu dat cin
bang mAu huyén phu dwgc tach khéi can dit bang
ly tAm va phén tich xac dinh néng do cac ion kim
loai con lai trong dung dich (khong bi hdp phu),
tire 1a néng do C.. Ham lwgng g. dworc tinh theo
cong thirc (1), thay gia tri C;bang gia tri C.. Hing s&
can bang hap phu (K,) déi véi mai gia tri nong do
ban d4u dwoc tinh bang cong thitc (2) (Allison va
Allison, 2005; Tao va nnk.,, 2021; Chabi va nnk,
2022).

Moi twong quan gitra gia tri K; va nong do ban
dAau (Cp) ctiaion bi hip phu phan 4nh qua trinh hap
phu 1 tuyén tinh hay phi tuyén tinh. Mot cach
khac1a dwa vao mot s6 thong s6 cia md hinh dang
nhiét hip phu dé thao luan vé mirc do tuyén tinh
cda qua trinh hip phu (xem phan 3, Két qua va
thao luan).

2.5. Xdc dinh mé hinh/dang nhiét hdp phu

M6 hinh hdp phu hay con goi 1a dang nhiét
hip phu (adsorption isotherm) vi mé hinh dwoc
xay dung & diéu kién nhiét d6 khong ddi doi véi
moi nong do ban dau cda chit bi hap phu. M6 hinh
hip phu la méi twong quan gitta dung lwong hip
phu ctia dat (g.) va nébng do cac ion kim loai trong
dung dich (C.) & trang thai can bang khi C, thay
d6i. Dung lwgng hdp phu tai thoi diém can bang
(ge) dwgrce tinh theo cong thire (1) khi d6 C: dwoc
thay bang gia tri nong do cac ion kim loai & thoi
diém can bang (sau thoi gian du dai dé dat can
bang) va l1a C. (e: equivalent). Hip phu kim loai

trén hat dit thwong tudn theo mé hinh hodc
Freundlich hodc Langmuir. M6 hinh hip phu
Freundlich dwoc biéu dién bing biéu thirc (8)
(Uygur va nnk., 2017; Swenson va Studie, 2019;
Nufiez, 2022):

qe = K;.CP (8)

Trong dé: g. 1a dung lwgng hip phu cta dat &
trang thai cAn bang (mg/g); Kr(L/g) 12 hang s6 hip
phu Freundlich thé hién nang lwc hdp phu cda
mau dat; C. 1a ndng dd KLN trong dung dich &
trang thai cAn bang (mg/L); B 1a hé s6 thé hién
cwong do cda qua trinh hip phu.

Biéu thirc (8) dwoc chuyén sang dang duwong
thang bang cach 14y logarit:

Lngq, = LnKy + f X LnC, 9

Nhuw vay, sw phu thudc gitta Lng. va LnC. 1a
dwong thang, diém cit truc tung c6 gia tri 1a LnKj,
hé s6 goc ctia dwdng thang Lnge va LnC, c6 gia tri
lag.

Mb hinh hap phu Freundlich dwgckhang dinh
1a phu hop néu hé sé twong quan (R?) cia dwong
lam khép 1y thuyét (Biéu thire (9)) véi gid tri thue
nghiém gin v&i 1. Trong tredng hop hip phu la
tuyén tinh, g. ty 1é thuin véi C,, thi hé s6 S trong
biéu thirc (8 va 9) bang hoic rat gan véi 1.

Mb hinh hdp phu Langmuir dwgc mé ta bang
biéu thirc (10) (Uygur va nnk, 2017; Swenson va
Stadie, 2019; Nunez, 2022):

be_ G, 1
e  qm Imx K.

Trong do: C. va g. - nobng d6 va ham lwong
KLN trong dung dich va trén bé mat cic hat dat tai
thoi diém can bang; g - dung lwong hap phu cuc
dai cta cac ion nghién ctru, dac trung cho trang
thai khi cac tAm hap phu trén bé mat cic hat dat
da dwoc 1ap day bai cacion bi hdp phu; K, - hé s6
hip phu Langmuir dac trung cho nang lwong hap
phu ctia ion bi hap phu.

Mo hinh hip phu Langmuir (biéu thirc (10))
la quan hé tuyén tinh gitra gia tri C./q. va C., khi d6
hé s6 goc clia dwong thang 13 dai lwong 1/gm va
diém cat truc tung 1a dai lwong 1/q.xK.

(10)

2.6. Xdc dinh hé s6'tré (R)

Néu qua trinh hap phu la tuyén tinh thi hé s
tré (R) d6i v&i cac ion nghién ciru trong tang
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khéng bdo hoa nwéc duoc tinh theo cong thirc (3)
(Van, 1981; Van va Wierenga, 2003). Néu qua
trinh hap phu khong tuin theo mé hinh tuyén tinh
thi hé s6 R dwgec tinh theo cong thirc (4) (Chabi va
nnk, 2022).

3. Két qua va thao luin

3.1. béng hoc hdp phu Niz+, Zn?+, Cd?* va Pb?+
trén bé mdt cdc hat ddt viing Man Xd va Chédu
Khé

Két qua thwc nghiém xac dinh thoi gian dat
can bang hip phu trén dat 14y tir hai dia phwong
Man X4 va Chau Khé duoc trinh bay trong cac
Hinh 1va 2.

Cac két qua vé doéng hoc hap phu cta 4 ion
nghién ctru v&ilop dat 15+30 cm la twong ty nhw
cac két qua trinh bay trén Hinh 1 va 2. Cac két qua
thu dwgc cho thiy sau 60 phut tiép xic, dung
lwong hap phu cua dat d6i vaoi tat ca bén ion thi
nghiém déu dat can bang. Gia tri dung lwgng hip
phu cta dat 13y tir hai vi tri, & hai d0 sdu déu dat
khoang 400 mg/kg dat néu trong dung dich nwéc
trong dit nong do cac ion KLN nghién ctru 1a 45

450

2
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= 350 + 4
g 300 | -
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g 250 ~
e 200 Man Xa P.1, 0-15cm, Zn(1)
150 | Man Xa P.1, 0-15em, Cd(1)
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Hinh 1. Déng hoc hdp phu Niz+, Zn?+, Cd?* va Pb2+
trén mau dat Man Xd (015 cm).
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Hinh 2. Déng hoc hdp phu Niz+, Zn?+, Cd?* va Pb2+
trén mdu dat Chau Khé (0+15 cm).

mg/L, khong phu thudc vao vi tri dia Iy khu virc 1ay
mau. Diéu nay cho thiy dit Man X4 va Chau Khé
c6 thanh phan khoang chit c6 tinh hip phu la
twong déng nhau.

3.2. M6 hinh va cdc théng s6 hdp phu clia mé
hinh

Cac Hinh 3+6 trinh bay duwdng lam khép gia
tri thwe nghiém theo moé hinh hip phu Freundlich
ctia bon ion Niz+, Zn2+, Cd2+ va Pb2+ trén d4t Man X4
va Chau Khé & d6 siu 0+15 cm tir bé mat.

Vitris6 1 & Man X4 c6 toadd1221010'12" (N);
105056'11"(E), vi tri s6 2 cach vi tri 1 khoang 30
m. Toa do vi tri s6 1 & Chau Khé 1a 21006'46"N,
105055'41"E va s6 2 cach vi tri 1 khoang 30 m.

Két qua trinh bay trén cac Hinh 3+6 doi voi
16p d4t 0+15 cm 14y tir Man Xa (2 vi tri) va Chau
Khé (2 vi tri) déu cho thay gia tri thuc nghiém
khép tot véi mo hinh hip phu Freundlich véi gia
tri R2 >0,80 (ttr 0,884+0,999, Hinh 3+6), trong khi
d6 s6 liéu thuce nghiém lam khép véi mé hinh hip
phu Langmuir déu cé gia tri R? <0,8 (cac hinh
khéng trinh bay & day). Piéu nay cé nghia la hip
phu Ni2+, Zn2+, Cd2+ va Pb2+ trén hai loai dat 13y tur

25

M&n X&-Ni-P1-0-15cm M&n X4-Zn-P1-0-15cm

2 M&n X4-Cd-P1-0-15cm Mén X&-Pb-P1-0-15cm
Ing, = 1,0298x InC, +:6,0918
15 - R?=0.8836
B Ing,. = 0.9802x InC,.+ 7.868
N R? = 0.9559
g 1+ Inge = 1.0798x InC, + 6.0862
R?=0.9103 . |ng, = 1.0485 InC, +5.1446
2 —
05 - R?z 0.8786
0 -
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e

Hinh 3. Dang nhiét hdp phu Niz+, Zn2+, Cd2+ va Pb2+
trén ddt Man Xd (vi tri 1, 0+15 cm) theo mé hinh
Freundlich (Biéu thirc (9)).
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Hinh 4. Dang nhiét hdp phu Niz+, Zn?+, Cd?+ va Pb?+
trén ddt Man Xd (vi tri 2, 0:15 cm) theo mé hinh
Freundlich (Biéu thitc (9)).
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Hinh 5. Bang nhiét hdp phu Niz+, Zn?+, Cd?* va Pb?*
trén ddt Chdu Khé (vitri 1, 0-15 cm) theo mé hinh
Freundlich (Biéu thirc (9)).
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Hinh 6. BPang nhiét hdp phu Niz+, Zn?, Cd?+ va
Pb2+ trén ddt Chdu Khé (vitri 2, 0+15 cm) theo
mé hinh Freundlich.

Man X4 va Chau Khé déu tuan theo mo hinh hip
phu Freundlich. Cac thwc nghiém véi lop dat
15+30 cm & hai dia di€ém 14y mau ciing cho két qua
twong tw nhw déi véi 16p dat 0+15 cm (do6 thi
khong trinh bay & day). Gia tri cic thong s6 Krva 8
biéu thirc 8 va 9) cia qua trinh hdp phu cac ion
Ni2+, Zn2+, Cd2+ va Pb2+ trén dit 14y tir hai dia danh
& hai d6 sdu khac nhau dwgc tong hop va trinh bay
trong Bang 1 va 2.

Bdng 1. Gid tri Krva B cia qud trinh hdp phu cdc
ion Niz+, Zn2+, Cdz+ va Pb?+ trén dat Mdn Xa.

Chiéu siu Chiéu siu
Vitri| Ion 0+15cm 15+30 cm
Kr(L/g) B | Ke(L/g) B

Min | Ni 171,75 1,05 175,38 0,97
Xa: | Zn 442,23 1,03 485,92 0,94
Vitri| Cd 439,77 1,08 568,13 0,98
1 Pb | 2612,47 | 098 | 2375,24 1,04
Min | Ni 136,79 1,04 136,23 0,99
Xa: | Zn 315,34 1,09 370,05 0,93

Viui| cd
2 | pb

432,96 1,06
1823,57 | 0,94

410,57 0,95
2143,62 1,05

Bdng 2. Gid tri Kyva B ciia qud trinh hdp phu cdc
ion Ni2+, Zn2+, Cd?* va Pb?* trén ddt Chdu Khé.

Chiéu sau Chiéu sau

Vitri |Ion 0+15 cm 15+30 cm
Ke(L/g) B Ke(L/g) B
N | 14616 | 104 | 15954 | 1,06
Kita‘\‘h Zn| 11249 | 1,07 | 100,68 | 1,06
o' [cd | 61840 | 1,05 | 37261 | 1,03
Pb | 766607 | 1,05 | 172978 | 097
T INi| 17786 | 105 | 13929 | 1,02
K(;:eal\lh Zn | 14796 | 1,04 | 8026 | 1,03
oot [ed [ 741,11 | 096 | 831,01 | 1,04
Pb | 70932 | 099 | 87458 | 0,96

Két qua trinh bay trong Bang 1 va 2 cho thiy
nang lyc hdp phu cua dit do6i véi 4 ion nghién ciru
thé hién qua gia tri hé s6 K& hai dia ban nghién
ctru 1a c6 sy khac biét ro rét. Nang lwc hdp phu ion
Pb2+ ctia 4t & hai noi 1a manh hon nhiéu so véi ba
ion con lai. Gia tri Krcta ion chi véi ddt Man X4 cao
tir 1823 dén 2612 (L/g) (Bang 1) va véi dat Chau
Khé 1a tir 709 dén 7666 (L/g) (Bang 2). Sw khac
biét dang ké vé gia tri nang lwc hap phu (K clia
ion chi & cac ting dat c6 thé 1a do thanh phan héa
hoc cia hai 1¢p dat 1a khac nhau. Két qua trinh bay
trong Bang 1 va 2 cho thiy cwong d6 hap phu, gia
tri hé s6 f, cia cac ion nghién ctru déu x4p xi bang
1. Biéu nay cho thay hip phu cta cac ion nghién
ctru tuan theo mo hinh tuyén tinh.

Mot s6 nghién ctru vé co ché hip phu ion chi
trén dat (Gomes va nnk. 2002; Papini va nnk.,
2002) va vat liéu téng hop (than hoat tinh, hodc
tannin bién tinh (Zhan va Xuan, 2003) cho thiy co
ché hip phu Pb2+ trén cac vét liéu ké trén khong
nhirng chila hip phu vatly, tiec 1a do lyc dién tinh
gitra ion dwong ctia Pb2+ véi bé mat tich dién 4m
ctia chit hap phu ma Pb2+ con tham gia vao ca qua
trinh trao déi ion, tirc 13 hdp phu theo co ché héa
hoc (chemosorption) véi mot s6 nhém chirc cla
vat liéu hdp phu. Hap phu hoéa hoc c6 cwong do
manh hon so v&i hip phu vatly.

Mot loat thi nghiém doc 1ap cia nhom tac gia
vé hip phu Pb2+ tir dung dich CaCl; 0,1M chra
axetat chi (Pb(CH3C00)2) nong d6 45 ppm da
dwoc tién hanh véi dat cat 1ay tir Binh Thuén. Két
qua cho thiy theo thoi gian tiép xidc, do pH cua
dung dich gidm tir 7,25 & thoi diém ban dau xudng
6,96 sau 4 gir tiép xtic (nhé rang do pH dwoc tinh
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theo thang logarith co s6 10 cia n6ng do ion H+).
biéu nay dwoc giai thich 1a Pb2+ da tham gia vao
qua trinh trao déi ion véi H+ trong thanh phan
khodng goethite (FeOOH) cta dit lam tang nong
d6 H+ (gidm pH) trong pha nwéc. Co ché hip phu
héa hoc qua trao d6i ion cia Pb2+ cling c6 thé ap
dung d6i véi dat sét Man X4 va Chau Khé vi trong
dét luén c6 thanh phan khoang goethite.

3.3. Dg tuyén tinh hdp phu cdc ion Niz+, Zn?+, Cd?+
va Pb?+ trén bé mdt cdc hat ddt viing nghién ciru

Hinh 7 trinh bay sy phu thudc giira gia tri K4
va Cp cia bén ion nghién ctru minh chirng cho qua
trinh hap phu cia ching trén dét 1a tuyén tinh. Day
la co sé& tinh R &p dung cong thirc (3).

3.4. Xdc dinh hé sé'tré cia cdcion Zn 2+, Niz+, Cd2+
va Pb?+ trong dé’i khéng bdo hoa nwéc

DAat Man X4, 16p dit bé mit (0+15 cm) co:
op1= 1,6 g/cm3; 0, = 0,37; Lop dattir 15 dén 20
cm ¢6 ppy = 1,8g/cm?; 6, = 0,28; Ka trung

3.00 r
Ni; Man X3, P1, 0-15 em
2.50 Zn: Man X3, P1, 0-15 cm
Cd: Man X4, P1, 0-15 cm
2.00 Pb: M&n X3, P1, 0-15 em
7]
—
- 1.50
¥
1.00
0.50
0.00
0 20 40

binh ctia Ni2+ d6i véi 16p dat mat véi néng do Cola
15, 30, 45 v 60 mg/L 13 1,257 (cm?3/g) va d6i voi
16p dat 15-30 cm 12 0,403. Gia tri hé s& tré R trung
binh déi v&i Ni2+ trong dat Man X4 & 1op dat mat
sé la Ry = 1+ (1,6x1,257)/0,37= 6,44 (cong thirc
(3)). Hé s6 tré trung binh ctia Ni2+ trong dit Man
Xa lop dat 1520 cm sé la: Ry =
1+(1,8x0,403)/0,28 = 3,59. Bang 3 trinh bay két
qua xac dinh gia tri R cia Ni2+, Zn2+, Cd?+ va Pb2+
trong d4t Man X4 va Chau Khé & cac 16p dat 0+15 va
15+20 cm.

Két qua trinh bay trong Bang 3 cho thay gia tri
hé s6 tré ctia cac ion Niz+, Zn?+, Cd?* va Pb?* trong
d4t déi khong bdo hoa nwdc & thi nghiém can bang
hip phu c6 khoang dao déng kha 16m, tir 1,44 dén
16,27 tuy thudc vao loai dat va ban chit cuia cac
ion kim loai. Ion Pb?#c6 hé s8 tré cao nhat trong dat
Man X4, tir 12,30 dén 16,27, nhwng v&i dat Chau
Khé hé s tré cia Pb2+ cling chi trong khoang gia
tri hé s& tré clia cac ion nickel, k&m va cadimi 12 3-
4 (Bang 3).

K, = 0,016xCy+ 0,2088
R?=0.9992

K, = 0.0175xCy-0.1013
R2='0.9994

K, = 0,0091xC, - 0,0936
R?=0.9876

K, = 0,0081xC, - 0,0997

R? = 0.9462

80 100 120 140
CU, I'I"Ig;l.

Hinh 7. Hdp phu tuyén tinh ctia cdc ion Niz*, Zn?+, Cd?* va Pb?* trén cdc hat ddt ving Mdan Xd thé hién qua
sw phu thudc tuyén tinh giita gid tri Ks va néng dé ban dau Cy ctia cdc ion trong dung dich. Hé s6 twong
quan giita Kqva Co déu cao hon 0,94 (Almalike va nnk. 2020) nghién cttu qud trinh hdp phu Cd va Pb trén
mot s loai ddt & Iraq ciing nhdn thdy méi quan hé giita hé s6 phdn bé ctia hai ion kim logi giita pha nuéc
va dat la tuyén tinh. Co ché hdp phu tuyén tinh dwoc mét sé tdc gid, vi du nhw Jothi va nnk. (2013) gidi
thich la do Cd va Pb c6 déng ndng chuyén khéi manh tir pha nuée vao ddt. Cting véi két qud trinh bay trén
Hinh 7, cdc két qud trinh bay trén cdc Hinh 3+6 va Bdng 1+2 cho thdy hé sé géc B ctia mé hinh hdp phu
Freundlich rdt gén 1 (Bdng 1+2), ddy la bdng chiing minh chiing ddng nhiét hdp phu Ni2+, Znz+, Cd2+ va
Pb2+ trén ddt nghién ctru (biéu thirc (8, 9)) trong truomg hop nay la tuyén tinh. Vi cdc két qud nhw da
trinh bdy, hé sé tré R dé dwoc tinh theo céng thikc (3).
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Bdng 3. Gid tri hé s6 tré ctia Niz*, Zn?+, Cd?+ va Pb?+ trong ddt Man Xd va Chdu Khé & hai l6p ddt 0+15 va
1520 cm.

lonkimloai | Piadanhldymaudit | Lopdat,cm | pgy, g/cm3 | psz,g/cm3 | 61 | 62 | Ka(th),cm3/g| R

Man X4 0+15 16 0,37 1,257 6,44

Niz+ Man X4 15+20 1,8 0,28 0,403 3,59
Chau Khé 0+15 1,5 0,37 0,108 1,44

Chau Khé 15+20 1,6 0,35 0,102 1,47

Man X4 0+15 16 0,37 0,464 3,00

Tz Man X4 15+20 1,8 0,28 0,343 321
Chau Khé 0+15 1,5 0,37 0,312 2,30

Chau Khé 15+20 1,6 0,35 0,310 2,35

Man X4 0+15 1,6 0,37 0,440 2,90

Cdz+ Man X4 15+20 1,8 0,28 0,568 4,65
Chau Khé 0+15 1,5 0,37 0,618 3,51

Chau Khé 15+20 1,6 0,35 0,373 2,71

Man X4 0+15 1,6 0,37 2,612 12,30

Pp2+ Man X4 15+20 1,8 0,28 2,375 16,27
Chau Khé 0+15 1,5 0,37 0,709 3,87

Chau Khé 15+20 1,6 0,35 0,729 4,33

Nhuw d3 trinh bay trong muc 3.2, Pb2+ hip phu
theo hai co ché 1a co ché vat 1y va co ché trao doi
ion, do vy c6 thé thiy thanh phin khoang vat, vi
du goethite (FeOOH), c6 vai tro quan trong ddi véi
hap phu Pb2+. C6 thé trong dat Chiu Khé thanh
phén goethite thip hon so véi trong dit Man Xa
nén hé s6 tré ctia Pb?* trong d4t Man X4 cao hon
hé s6 R cia dat Chau Khé. Két qua ctia nghién ctru
nay cho thiy ion chi phat tdn chim vao mai trweong
nuéc tir ngudn 6 nhiém diém néu thanh tao dia
chit c6 thanh phin khoang vat goethite cao. Cac
ion nickel, kém va cadmi cé t6c do phat tan tir
nguon diém nhanh hon so véiion chi, tuy nhién hé
s6 tré cling kha cao (Bang 3) nén kién tric cac bon
chira thai can c6 16p bdo vé c6 hé s6 thim thip.

4. Két luan

Hé s6 tré clia 4 ion kim loai ndng Niz+, Zn2*,
Cd?+va Pb?+ trong 16p dat déi khéng bao hoa nwérc
da dwoc x4c dinh bang phwong phap hip phu cin
bing ddi véi loai dat sét 14y tir hai khu viee Man X3,
huyén Yén Phong va Chau Khé, thanh ph6 Tt Son,
tinh Bic Ninh. Piém méi ca nghién ctru nay so
v&i cac nghién cru twong tw l1a dung dich nwéc
thdm khoéng phai 1a nwéc cit ma 1a dung dich
CaClz0,1M, dwgrc cho la twong dwong dung dich
nuwéc trong dat. Piéu nay cho phép c6 dinh dwoc
lwc ion cla nwéc thim, tirc 1a yéu t6 mdi treong
hép phu ctia cic ion KLN dwoc kiém soat.

Cac két qua cho thiy qua trinh 1am tré cicion
kim loai nang do hap phu trén bé mat hat dat it

phu thudc vao ham lwgng hiru co trong dat. Doi
v&i Pb2+, hé s6 tré trong dat Man X4 c6 hé sd tré R
cao hon (R >10) so véi hé s6 R cia ba ion con lai
(R <6) . C6 thé thanh phan khoang vét, vi du nhw
goethite trong dat véi cac goc H+ ¢6 nang lwc trao
doi ion da tham gia trao d6i véi ion Pb2+ lam tang
hé s§ tré. C4c ion kim loai Ni2+, Zn2+va Cd2+ khéng
c6 nang luc trao doi ion véi cac goc H* trong thanh
phéan goethite va chi tham gia vao qua trinh hip
phu vt Iy nén chung di chuyén nhanh hon theo
dong nwéc ngam.

Van dé con ton tai trong nghién ciu nay la
chwa 1am sang té dwoc nguyén nhan hé sé tré caa
ion Pb2+trong dat lai cao hon so véi gid tri hé s6 R
cda cic ion Ni2+, Zn2+ va Cd2+. Do vay, trong twong
lai can c6 nghién ctru sdu hon vé co ché hap phu
cta ion chi trén cac loai dit c6 thanh phan khodng
chit khac nhau, déc biét 1a khoang goethite.

L&i cam on
Coéng trinh nay dworc tai trg kinh phi cia dé tai
khoa hoc cdp Nha nwéc ma s6 PTPLCN.86/21 do

PGS.TS. Nguyén Vin LAm 1am chd nhiém, tap thé
tac gid xin chan thanh cam on.

Pong gop cua cac tac gia
Ding DPirc Nhan, Nguyén Vin LAm - phwong
phdp luin nghién ctru, kiém tra, danh gia két qua

thi nghiém, viét ban thao; Dao DPirc Bang, Tran Vi
Long, Dwong Thi Thanh Thuy, Kiéu Thi Van Anh -
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