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Abstract: In this study, nano Fe°-impregnated biochar (INPBC) was prepared using pruning

residues and one-pot synthetic method and evaluated its performance as an amendment agent for

the stabilization of arsenic-contaminated soil. For the preparation of INPBC, the mixture of pruning

residue and Fe (III) solution was heated to 220°C for 3hr in a teflon-sealed autoclave followed by

calcination at 600°C under N atmosphere for 1hr. As-prepared INPBC was characterized using
FT-IR, XRD, BET, SEM. For the stabilization test of as-prepared INPBC, As-contaminated soils
(Soil-E and Soil-S) sampled from agricultural sites located respectively near E-abandoned mine and

S-abandoned mine in South Korea were mixed with different of dosage of INPBC and cultivated

for 4 weeks. After treatment, TCLP and SPLP tests were conducted to determine the stabilization

efficiency of As in soil and showed that the stabilization efficiency was increased with increasing

the INPBC dosage and the concentration of As in SPLP extractant of Soil-E was lower than

the drinking water standard level of Ministry of Environment of South Korea. The sequential

fractionation of As in the stabilized soils indicated that the fractions of As in the 1st and 2nd stages

that correspond liable and known as bioavailable fraction were decreased and the fractions of As

in 3rd and 4th stages that correspond relatively non-liable fraction were increased. Such a
stabilization of As shows that the abundant nano Fe® on the surface of INPBC mixed with As-

contaminated soils played the co-precipitation of As leaching from soil by surface complexation

with iron. The results of this study may imply that INPBC as a promising amendments for the

stabilization of As-contaminated soil play an important role.
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Figure 2. Location map of sampling points of contaminated soils in (a) E mine and (b) S mine.
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Table 1. Physical and chemical properties of Soil-E and Soil-S compared with the general range of upland soils

. oM T-N P,O' CEC? Exchangeable cation (cmolc/kg)
Soil texture pH 0
(g/kg) (%) (mg/kg) | (cmolc/kg) Ca Mg K
Optimum range 6.0-7.0 2.0-3.0 - 300-550 - 0.5-0.8 5.0-6.0 1.5-2.0
Soil-E Loam 6.1 3.52 0.19 231.1 19.9 13.5 2.04 1.19
Soil-S Clay loam 6.6 8.71 0.42 4443 14.7 9.71 1.03 1.93

' OM : organic matter
2 CEC : cation exchange capacity

A E]o] X o] Faf7} AP =] St

EGA R ZE(~1bem)o A AFsto] AFA=R
olFstg on 152U 53 Aol F (air—dry)gt
% 2mm o|5te] BEFS A|ASOE gt & AF
ARESFoITE At AR R0l A 37t B
Z}7}F Soil-E¢} Soil-S&2 #7313t Soil-E<t
Soil—-S¢] HA& FE S-S ol S EFHTH

g A4S AAIBEIH Soil-E

7

Aol AAE A gk &
2} Soil—S9] H]a A sFFe 7V7E 92 4, 323.Tmg/kg
o= T EQf B SR QAEQR tjA7|E(1x]Y,

75mg/kg)e ZeH= A 02 UEyTh B¢t
ATR(NAAS, 2010)0l o2 Soil-E2}F Soil-S9 =
2|3lehA S &4 ZAaE Table 190 #7158kt
Soil-E&} Soil-S9] EAJL 747} oFE (loam)} A)oF
E(clay loam)& YEPGEI F EFO] f-a 14k} 1
g ol wf HESY AW S B
o $37]& g=H(Organic Matter (OM))2 =1 &
EOoFo] AA HOE of7} Yo 220 Eﬁt}(}{im et
al., 2019; Kim, 2002).
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Figure 3. One-pot synthesis process of INPBC amendment.
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Figure 4. Stabilization test of As-contaminated soils amended with INPBC.
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Table 2. Sequential extraction procedure for fractionation of arsenic in soils (Haque, 2007)

Fracion Phase Target phase Extraction condition
| Non-specifically Physisorbed As (outer sphere surface complexes), 0.05M (NH4)2SOs,
sorbed commonly referred to as labile or reactive As 4h shaking, 20°C
. Chemisorbed As (inner sphere surface complexes; 0.05M (NH4)H2POs4,
2| Specifically sorbed | 1 habile) 16h shaking, 20°C
3 Amorphous hydrous | Non labile As associated with amorphous and poorly | 0.2M NHa-oxalate buffer pH 3.25,

oxide of Fe & Al

crystallized Fe (Mn, Al) oxide/oxyhydroxides

4h shaking in the dark, 20°C

Crystallized hydrous | Non-labile As associated with well crystallized Fe

0.2M NHs-oxalate buffer
+0.1M ascrobic acid,

4 oxides of Fe & Al | (Mn, Al) oxide/oxyhydroxides pH 3.25, 30min in a water basin,
96°+3C in the light
5 Residual Liberate As associated with residual minerals such as Aqua regia

orpiment

ot TCLPSF SPLP A& o] 93t v A0 o143 &
&2 o3t A2 A tu] 8& A0 FEI} ALEE
A2 Yehf Hch(Eq. 1).
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Figure 5. FT-IR spectral analysis of pristine BC, pristine
IPs and INPBC.

0.45um membrane filterg ©]&3}o] oj7}at &
ICP-OESZ £4]3}9ct,

. 23 9 E9]

1. INPBC (Iron Nano—Particles Impregnated
BioChar) EM

Figure 5 YEd pristine BC, pristine IPs,
INPBCEI FT-IR spectra® E'W, Pristine BCY
S-of o] O-H, R-C(-0)=0, C-0 & & A

& T BV 7T g Ao BaEgen

(Mandal et al,, 2020; Lyu et al., 2017) o] oj
o o graphite o a-Fe,0, * Fe'
A ]
. Pristine BC
3_ o
s L Ulse 2538 &
_..z‘ Pristine IPs
2 *
g 1 .
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E A A A
INPBC

10 20 30 40 50 60 70 80 90
2-Theta(degree)

Figure 6. XRD patterns of pistine BC, prisitne IPs and
INPBC.
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Table 3. BET surface area, t-plot pore volume and average pore width of pristine BC, pristine IPs and INPBC

BET surface area (m?g) t-plot pore volume (cm’/g) Average pore width (nm)
Pristine BC 395.33 0.143 1.97
Pristine IPs 3.17 0.001 14.58
INPBC 32238 0.112 333

pristine IPs®] 800 cm™ ©|3}to| A FAEH T3
Fe—0 E+& Fes0:9] 2o oJgt Ao = wekert
(Mandal et al., 2020). INPBCO| A= pristine BC
9} pristine [Psofl Al 2 137} W& &l o]
INPBC®] o] sho]oA12} 3 2ixhe] B5715S
A Hfohe Ao ® e

Pristine BC, pristine IPs, INPBC] XRD &4 2
= B (Figure 6) pristine BC2} INPBC A] &9
A 2—Theta 26.6°ColA ¥A7} == A& &
Qg = gl ol HEA upol QujA7E 24 i
S S AXHA O A 27} graphite
plane® 2 W3IE LS HoJFa 9] o (Nelli et

al,, 2018), Pristine IPs®] 7% 2o A Alo] &
0—Fe0:2 1% v, INPBCY] ¢ Ho| @4
Ao AA o] YrHHE SRI= I, ol 2t
L 59 koA FAE F7H84 S (intermediate)
EHO] 0-FexOs7}F 600°C AT of| A EFUH-S-of
ofaf) Fe'® % A0 251, Wu 5(2015)9]
At Ao A & vlo] Quf A FHO| A AlShE2 FHA
& 2AW 72 LA F7HE= vho| o3} &
Hol g ko] whgdn} gh el ofsf EHe A
31 Qe H ABHES Y7HEE Seitta B
Skal QJtH(Wu et al., 2015).

Table 32 A =3t 2459 H|FHA H 7|5 54

Elements | Atoms(%)
[ 46.09
(o} 28.26
Fe 1841
Zr 4.56
Cu 1.07
Si 0.68
Al 0.6
Ca 0.33
A

Figure 7. SEM images and EDS spectrum of INPBCO0.25; (a) x 1,000, (b) x 10,000, (c) x 50,000, (d) EDS elemental

mapping image, (e) EDS spectrum.
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5% vl &= 82 285t Axt, Az A3t A E
%o pH7} =5 Gatet el S WEFA A4
ot A4 B pH 6-7 Hth Ot 22 02 A
Sk A3E 2 tHFigure 8). Soil-EQ] 7-¢- Hj
% 45 T B pHe 1, 2.5% A& 221004 242t
7.483} 75302 ERIE] 1L Soil-S9] 7% 2.59
5% ALz ANA Z¥zE 7,313 7 4602 SO1E Q=
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(a 7 8- (b 7. 8-
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Day Day
Figure 8. Temporal change of soil pH with addition of INPBC for (a) Soil-E and (b) Soil-S.
Table 4. CEC and exchangeable cation in the untreated/treated soil and INPBC
Exch: ble cati 1o/k
Materials COl’lditiOIlS L e el (CmO g)
(cmolo/kg) Ca Mg K
Raw 19.9 13.5 2.04 1.19
Soil-E INPBC 1% 19.9 16.8 1.82 1.18
INPBC 2.5% 21.8 18.1 248 1.17
Raw 14.7 9.71 1.03 1.93
Soil-s INPBC 2.5% 18.6 15.1 1.23 224
INPBC 5% 222 18.5 139 2.19
INPBC 83.1 81.6 1.17 0.11
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Table 4= ¢ X%i]-xﬂ(,ﬂ 28 59 CEC 59 %
S L]—E}LHEl =t Soil-E2} Soil—S E5F QFYTHA|
A& 5 CEC7} A5otsen o= INPBC7} H-f-38t
=2 Ca ol 71008 Ao & watsnt, ofgh 23}
L o2 BRAE SARP] BuEell Koh 5

(2016)2] A-tol| ot THF = A& (buffalo weed)
po] 9 245 H] 4 0.9 Eofol Hg3k A}, oHgstA)
24 1]& 0.5%014 E%F2] CEC7} 16.3cmole/kgol
A 19.5cmol/kg Q.2 Araalgon o)L A3 AL
3% 293 oo H|FIAE o B2 7HS HolEg

tHKoh et al., 2016).

2) TCLP AJ&

Soil-E¢}+ Soil-S2] TCLP &A% ZAute} o14
3ta8-S Figure 99 Yeh It AgH 7+& =

I3t B HEFY] TCLP §EAIE s §=5]
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INPBC #9424 1,03 2.5% 274 22} 44,03
92.4%= BFlE%l o™ Soil-S9 7% INPBC 2,51
5.0% FUzANA 242 36,72 53.5%= B E
AUtk F E9F 25 TCLP Al 23} INPBCO] 2§
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Figure 9. TCLP extractable As concentration and stabilization efficiency of (a) Soil-E and (b) Soil-S.
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Figure 10. Concentrations of SPLP extracts of (a) Soil-E and (b) Soil-S and comparison with drinking water standards.

At ok @8]

ol A& El ol

uteba] QP Ao w40 ol o2 QI
LGB e A5t 09 1A WA o 8
1k 4} SPLP Aol At §EY v4 BES
BB el A5l wg A7 EAe) Hst
s3ck. Figure 10(a), (b)ol14] 8913 4 915%e] o33}
o] EYO] SPLP 429 F H]49] FE= Soil-E

9} Soil-S7t 247} 33, 141(ug/L)?n Hew pA7E
A (10ug/L)E Z2sh= 202 YESIT SPLP Al
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Soil-E¢] #9-o]l= INPBC 2.5%% A 2]gt 270
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L8 $A7|1%2E nEss A0S 2 Soil-S9
785 INPBC 2,59} 5% 28 2704 §&9] v
FE7t 242y 473} 21ug/LO R ZRIE T}, Soil-S
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gk A3t %ﬂ{% S=of FHl &S Figure 110f] Y

R AT, Soil-EQ] H|49] tieh d&35 AvE 4
| 1 H(Figure 11(a)2} (b)), 2H3} o] A 9| 15HA H]
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0.79% Zx5k9.0} INPBC 1,07} 2.5% A& &
AE Ao = Yepgon oHgst o] 2T &
0] & & 2Hspecifically sorbed)2] £38]& 5.64%0|
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B AfEs AR Yt g o3t o] 3¢
A w2432 A A (Amorphous hydrous oxide
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25.9%(INPBC 2.5%)2 Z7}stglom, 4th4 242
A AFSHE(Crystallized hydrous oxides of Fe & Al
37.9%)9] £33 & E3F 40,9%(INPBC 1,0%)2}
38.7%(INPBC 2.5%) 2 Z7}st= A5 2}
Soil—S9] 9o H|2:9] A7} Pl Fr=} HlE
2 Figure 11(c)¥} (d)2F 2o Soil-E<} 44K 2
= EQie} HsE o] ZElHEo] 0.5%¢1 194
H|Eo]7] Zz2ke wE X7o|A AZ 3 njute g
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oA INPBC 2.5, 5% 28 & 212} 2. 61, 2.57T%= 3+
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(Fan et al., 2020; Qiao et al., 2018).
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Figure 11. Concentrations and ratios of each fractions of As from ((a), (b)) Soil-E and ((c), (d)) Soil-S before and after
application of amendments.
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nanoparticles impregnated HydroChar) 7|9k 7]
eHg3t 714 (7] HIA M 5:52910834)” A<
A Po g A= 5Tt
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