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Abstract: To understand the influence of groundwater velocity and medium particles on As(Ill) migration in the riparian zone,
natural river sand is selected as the medium, and groundwater solutions containing As( [l ) as commonly seen in some riparian
zones are prepared to carry out batch experiments and dynamic column experiments. Combing with the characterization analysis,
the influence and mechanism of velocity and medium particle size on As([ll ) migration are discussed. The results show follows: (1)
The adsorption equilibrium time of As([ll) is longer for the smaller particle size of river sand. The equilibrium adsorption capacity
(Q.) of As (1ll) on the river sand decreases with the increase of its particle sizes (except for river sand with a particle size of
0.15—0.18 mm), and the maximum amount (Q,,) of monolayer adsorption shows a decreasing trend with the increase of particle
size. (2) As(Ill ) migration in the column filled with river sand is significantly affected by the particle size and velocity. On one hand,

the river sand of the smaller particle size has a larger specific surface area, which usually leads to longer interaction time between
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aqueous solutions and solid medium, thus limiting the groundwater flushing rate. This is not conducive to the migration of As([ll)

in river sand. On the other hand, the higher flowing velocity leads to a stronger hydraulic shear force in the void channel.

Meanwhile, the increase of turbulence intensity reduces the thickness of the retained boundary layer, which is conducive to the

migration of As([ll) in river sand.

Key words: flow rate; particle size; As(Ill ); migration; hydrogeology.
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JoT 0 i i P K 2 R S8 R A S AR S AT K )
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Table 1 Main components of river sand and simulated liquid

A2 dis
o (‘3 %ﬂj BB W Emg/L) | BB ﬁfﬁ
Si0,  90.69 | DO <2 CO/ (mg/L)  —
ALO, 591 K' 0.312 pH 8.27
K,O  1.62| Ca*' 59.53 Eh(mV)  253.7
Fe,0, 151| Na' 4.18 EC(pS/cm) 254
CaO 032 | Mg" 7.61
TiO, 017 | CI~ 9.52
MgO  0.15 | NO,~ 3.54
Na,0O  0.14 | SO~ 15.66
MnO  0.06 | HCO,~ 179.7
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25,25 1.0 /LAY AsCIT )it 45 W, S 56 min b it 45 T
BT 4 CHGMF . S5 AR HRE (PN AR
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—289.0~322.5 mV Z[] , 5% AL 55 (2014) WF 5
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EYRE N 1.0 mg/L A AsCIL) MR /KB, in 36 1
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120 h,168 h.216 h,264 h,312 h,360 h i B A,
0.45 pm ¥ B33 8 5 FH T As & 0N 5 B J8L 00 1R
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Jit B 50 mL — FRF 8RB0 L, 4 B A 50 mL
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Fig. 1 Schematic diagram of device experiments
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Table 2 Sand column experimental parameters

i (cm/min) 4% (mm) LB AT (em®) TR i (g) -3 He 1 B (m®/g)
0.25~1.00 29.0 133.0719 0.641
0.377/0.754 0.18~0.25 27.5 128.468 1 1.174
0.08~0.15 22.0 123.7817 1.396
xR3 BHAFHMER
Table 3 Kinetic sorption models
[ R e 2% 30k
— 20 B AR (K )
We—4 3 S Q=Q,(1—¢ ) Lagergren(1898)
B ) FHHHQ) o
L Q= QK O W 3 (K Ho and McKay(1999)
‘ T+ QUK 2
P B AR (K
TBURE A 4 iR Y Q=K [%+ C ¥ ,1‘ ) : Jr Weber and Morris(1963)
! ! W (C)
. A (B)
Elovich Q.= pIn(ap)+pIn(2) Low(1960)
W 1 (a)
. 1 WS BFF i 0 AH O 8K ) ) ‘
Freundlich Q.=K,Cr o Namasivayam and Senthilkumar(1998)
¢ e WS, B 1 AH OC 3 %8 ()
) Q.K, C, W B B A G  BU(K ) }
Langmuir Q.= . Langmuir(1918)
L+ K.C O B - R 60 % kW (C)

1.3 XFEMK

VSR As Y B 7 2O6TE A 43 BT AL (AFS-
933/SA-20, b 5T RALAS , K il fR<<0.01 pg/L) )
7€, pH FIE g 42 (DO ) R FE 5 X 2 280807 1k 47
FrA (Hach-HQ30d) #4745 W, & #L BH B R T H
B A A5 B T IR B X (ICP-AES, 22 [# PE7000
DS A1), & BB R B 435 4 (Dionex ICS-
1000IC ) #EA7HM .

i FH b 2 1B 40 M A (TW-BK200C-02, Jb 50
T e TR 2 B R A PR 2N ] ) i e 20 £ B 3 R T
FROE s S0 /TS, A 3 & S A 4l B8 (SEM-EDS,
ZEISS 5w = IGMA R 5) W & v B oW e 34, I
AT X5 2R R 43 A XA TR AT A4 R A AT,
AT B 2 1 58 X300 16 27 TT 3R 4l B T 3t 43 585 OF
FI X 56 A7 S (XRD, X'Pert3 Powder, fif 2% ) 43
BT A T3 14 0 R 2 K
1.4 WRHHEE

% % M & ik (Lagergren e al., 1898; Lang-
muir, 1918; Low, 1960; Weber and Morris, 1963;
Namasivayam and Senthilkumar, 1998; Ho and
McKay, 1999) , FI FH#E— 2 3l )y i 95 )2
UKL 4 HICFD Elovich 8 B4 A AsCIIDD) e R &P 1 /Y

W Bt 2l g 2 i, A 3R G X X S 80 UL 3R 3
G o — B s FME s e R TR
W B 3 #8527 W B 500 5 W B B 2 ) ) r - S
TG R A 2 W B B ) A ) 5 URL A 7 BRORE BY l 3
W B — fiff Wi 3o R R R AL BR T i AR
FCFE i 5 1 Elovich 3l J) 22 B8 B 5 J] 352 2 AR A0
RO Y8t #2 R Freundlich A1 Langmuir & 43 BT
AsCID) eI RS b BY 25 i W B 72 L 27 Freundlich
W ¥ 45 i X i T B SR R TET AT AN [ AR A
J W B R i A 25 i 2 50 3K, Langmuir W B 45 R 7
R S e T W B ) 3 T[] BT R B 43 2 0 B (He
etal., 2019).
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Fig. 2 The curves of the adsorption of As([ll ) with time
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B 38 3R A, sk s YR b 3 TR e B A CIIT ) 1) Joi 22 9k
FE R W AsCHL ) /9 J5T o v B8 AH 22 8K, LT ib 3%
THT A7 48 22 1 W BE A7 SR W BE AsCIIL ), i B B DA b )2
W B A 3 5 HTE] B BE (20~200 h) W B SE SR AR X 8
P A A 2 W B R A Tk E AR AT, As CIIT ) 32 ¥ DA TRT
0 1 A1 3R T RS 0 N 5 O 0 R o R R A
TV . iX 5 Wang er al. (2016) W58 72 R bE — i &
AP AsCI) iy 3 & — 2 SR, A [R]RL A% ] 70
W B As CII ) f8 S iy Bsf [ R 3 1) 1 e ST A7 e %) de R
W B o AH 22 B Ho R 2 O 1.00~2.00 mm
0.25~1.00 mm [ ] i 7E 216 h ik 2] W B - 17 , 1 kL
2 4 0.18~0.25 mm F1 0.15~0.18 mm ) ] #» 7£
312 h ik F] W B 7, k742 Bz /s (0.08~0.15 mm) B
TP AE 360 hik 2 W 745 . Bl g 2 0% B 3k 258
BF, BRI B Q) e A I i 25 YT A0 R AR 11 34 R T
W/, B REAR K 0.15~0.18 mm f T 70 4, 1T fE Ji A

Kinetic fitting of arsenic ([l ) adsorption by river sand

A T AR BT A R SR K BRI B A R R AR
0.08~0.15 mm Ky >, iy 18.552 pg/g.

FIFH 4 Fh 2 g 27 45 56 o] D W B As CTIT ) 2k 47
A UG 2 WA S8 15 3 F R 4 it AR
A BRI 5 U g R BORE , Elovich 5 B 40 & 85 R
e bf, o E R BUR==0.906 , 7 W1 H0 W B AsCIIT ) Y
o PR AR AR B A v — S M T sh S
WABMERE BT 0.18~0.25 mm K45 0] 7 iy 111
GRS AR A2 W0 L6 RO BT, e
R TE 0.871~0.964 2 [a] 5 #H [R) A% 42 0] #b %)
As CIT) B W B 25 F7 4 B2 5, HE — G sh J1 4305
e REC KT We— s Iy 2% Ui Wbk AsCIl)
149 TR B 3k 2 B A 5 M G 8h g L L, 0.08~

0.15 mm 245 f] 70 R FH v — 9 8 ) 2 R LA 5%
WA Yo RBRY R 0.964, #1415 3 1y 5% K - i

W B R (Q.) A 23.054 pg/g. WUKL A& HILRE 8 2 4 C
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SBT3 FLR RO, C b, 3R 1 W B A 3 R 45 2
TR 1 TR B R LA 45 SRSk Bl T D R AR
FIB /N, C AL /N FLESAS R O, $ULA il 46 A 3 2o i
& BT D I BfE As C I ) A sl A v J0RE 9 477 HBOAS J2 M
— ) B R A 3R (Akpomie er al., 2015) , 2% %
W F J5iE Ve B8 W BFE 390 2% T3 L R R A K U TR Y
PHIFR B B R L 45 R RN N A3 A DA SR A R
SRR Z L[5 ) (B SRR A, 2014).
2.2 FHIRWHAFLE

AsCI) 7EAS [R] Rz 42 0] 1 %) 25 3 Wi R il £
K4 BT 25 KT AsCHIT) v B8 B9 388 hn, 45 38
2R AE RN, 3 B AR X AsCHL ) A W i+
RN (<C195.698 pg/g) , 10 W Bk 057 5 B4 46 A1 T 4R 5o
SR 2R 77 2 S0 (Shang ez al., 2011). AsCI) £ A
[ 7 28 TR0 I A Q. o - i e B2 ) G R T 3 K I I
T RE &R e % AsCI ) B W B} 2 Fiti 2 3] 0

x4 a3t As(ID)HI W B 3 2 & S H

Table 4 Kinetic parameters for As(Ill ) adsorption on river

A T 388 RS T AT . 32 2 TR A AR X WA T
JBT ) WA o 3 el i BV A L S ) S A
Py J5T A BT i v B B E LY T DA E — 0 BT VA B 3
WL BEE B4 AsCID) o v B mg 385 i, AsCIIL) /Y ~F-
A7 2 B e 25 380 2 K T BT i W B, BT
RhF 551) 2 TE0 W BRT R A2 A B B 2 B 25 Tt AR
AL LA QW - vie B2 1Y) 3 KM 36 K i Jm i T AR e
(Yamani ez al., 2016).

Langmuir A1 Freundlich %5 i W Bt #0152 B0 0L 3%
5. AT WAN A 1 B2 i W B QB A T D R AR 1Y
B RN B B KB i Q0 195.698 pg/g.
MEE AR F WA XF AsCI ) /9 W B 2o 72 38 4% &
Langmuir 2 8 (R*>>0.824) , i B #0 X AsC Il ) 9
W BT ok 2 Ja T B R R R 5 W B As CTIT ) 980 8O e i
14 J& R0 A% A 0.08~0.15 mm [ T &) , P 7 3 B0k 5|
0.968.
2.3 fEI As(IDiER K&

TURR XF 75 G ) 110 Wi R 4 1 BB e 7 AR 22 A B
TE WL AL A AR B B &R o TR kL

sand
Prym— XTI B DR IR BE K 1 45 UL S5 e W 0 &
Hom £ 100~ 025— 018~ 0.15— 0.08— H B 5 B R (Park ez al., 2009). AsC ) ¢ ] /5
200 1.00 025 018 0.15 A 6] ki 4% (0.08~0.15 mm, 0.18~0.25 mm, 0.25~
Q.pg/g) 13.647 12.260 15.921 16.201 18.677 1.00 mm) T By 28 i th Ze an il 5 B . 45 R 3R, N [F]
—mE K, 0.024 0.092 0.041 0.017 0.010 AR ] B 18 2 35 it 2 3 90 L T Sk AR A AR e T
R® 0871 0924 0584 0925 0.954 EORLAR K, AsCIID ) AE D FE A 1) 55 328 1 [R] B 5 .
Q.(pg/g) 14.902 14.127 12.666 17.447 23.054 BrIS R A Sy AR RD (0.08~0.15 mm) LR TR
W HE N K, 0.002 0.006 0034 0.002 0.000 MEXR(RZ), AREHRHI LB, 7HT
; As CI ) W B 78 J50KE 22 10T . b A1, 0k B 40, 34 n 1
K089 0988 0057 0982 O9B% ol — b AR I N B T T K el B S
— C 3.286 2.295 2.372 2.256 1.623 (Zhi et al.. 2019) . AsC Il )76 5 Kk T i 25 6 i ] o6
po T O AT AsCI )BT R e 4 P 3 T
R’ 0930 0.991 0.992 0.982 0.987
i 2158 5.315 5.508 4.293 7.305 L A N S B AR AR RO, B As ()
Elovich a 0.684 0.012 0.012 0.030 0.004 TS UL A A0 R PN 1 7K ) 5% B IR D] B A T 0 1 R
R 0.906 0.990 0.992 0.989 0.988 I 2 W B P S AsCID AU 23R i, 5 30
%5 Langmuir #1 Freundlich &BRMEE A S
Table 5 Fitting parameters by Langmuir isotherm and Freundlich isotherm models
I _ Langmuir ‘ S Freundlich :
K, (10" 1/g) Q. (ng/g) R* Kp/(mg" "L g ™) n R*
1.00~2.00 0.082 140.350 0.967 24.048 2.427 0.940
0.25~1.00 0.070 149.875 0.824 32.154 2.972 0.757
0.18~0.25 0.062 158.655 0.981 25.123 2.531 0.942
0.15~0.18 0.127 167.976 0.870 59.312 4.326 0.923
0.08~0.15 0.064 195.698 0.968 27.605 2.325 0.981




GIRGEEE I U Sy

kLA X AsCIL ) A A% 52 Wi 1) 552 56 B 5%

%4 1465
150 a 1.00~2.00 mm 150F b 0.25~1.00 mm 150F ¢0.18~0.25 mm
Tes 1200 ge=="] Tep 120F e 120F
;:Q 90 °1D 90F » 90
S 60 Langmuir f5 % S 60r S 60
30 - - -Freundlich L) 30r 3o
0 | 1 I 1 0 1 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60
C(mg-L") C(mg-L")
150 d0.15~0.18 mm 150 €0.08~0.15 mm
_DD 120 ’w 120+
W 90F L oof
= 60f .® = 6ok
S S 60
301, 30-
0 L L L L L 0 L L 1 1 1 1 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
C(mg-L") C(mg-L"
P4 b xor AT )i R B 45 i 2%
Fig. 4 Adsorption isotherm for As(lll ) adsorption on river sand
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Fig. 5 Breakthrough curve of As([ll) on river sand with dif-
ferent particle size at flow rates of 0.377 cm/min (a)
and 0.754 cm/min (b)
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Fig. 7 SEM image and EDS mapping of river sand (0.08—0.15 mm) before and after adsorption
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Fig. 8 XRD pattern (a) and FTIR spectra (b) of river sand (0.08—0.15 mm) before and after adsorption
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