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Title: Effect of the Co-Application of Eucalyptus Wood Biochar and Chemical Fertilizer for

the Remediation of Multimetal (Cr, Zn, Ni, and Co) Contaminated Soil



Materials and Methods
Study area

The study area is known as Bera project and is situated at an elevation of 218 m above mean
sea level. Bera project operates in a leasehold area of 209.56 hectares having total geological
coal reserves of 17.9 million tonnes. The leasehold area of the Bera project mostly has the
geological stretch of ancient Archean rocks and receives an annual average rainfall of 115
mm. The project area is surrounded by an annually flowing water stream tributary, which
finally connects to the Damodar River (primary-River in Dhanbad district). The opencast
project has two active overburden dumps formed due to the continuous dumping of the
overburden materials using end dumping method. The dumps were two years old having an
overall height of 50 m and slope of 42°.

Chemical characterization of biochar

Elemental analysis of biochar was done using a CHNS analyzer (Euro EA3000 CHNS-O
analyser, HEKAtech HmbH, Germany) using the method described in an earlier study (Wu et
al., 2012). The proximate analysis was done using the Thermogravimetric analyzer (TGA)
(NETZSCH, STA 449 F3, USA) following the thermal programme as described by the
method (ASTM D5142-02, 2009). The pH and EC of the biochar were determined using the
previously reported methods [3,4]. The pH at the point of zero charge was determined using
the pH drift method [5]. The exchangeable cations viz., Na, K, Ca, and Mg were determined
by extracting biochar with 1 M ammonium acetate solution followed by analysis using ion
chromatography (IC) (Model: Dionex ICS 2100, Thermo Scientific, USA) [6]. The cation
exchange capacity (CEC) of the biochar was determined using the modified ammonium
acetate method as reported in the earlier studies [7,8]. The heavy metals in the biochar were
determined using the method reported in an earlier study [9], followed by analysis using AAS

(AAS ICE 3000 series, Thermo Scientific).



The surface functional groups on the biochar were determined using a Fourier transform
infrared spectroscopy (Nicolet i650 FTIR spectrometer, Thermo Fisher Scientific, USA). The
surface morphology of the biochar samples was determined using the scanning electron
microscope (Carl-Zeiss MERLIN (GEMINI-2), Germany) followed by EDX analysis. The
Brunauer-Emmett-Teller (BET) surface area and pore size analysis of the biochar were done
using surface area analyzer (ULTRAPYC 1200e, Quantchrome instruments, USA) via N2
adsorption at 77 K and the N2 gas adsorption-desorption process at 77 K in an Autosorb iQ
(Quantchrome instruments, USA), respectively [10]. The X-ray diffraction (XRD) analysis of
the biochar samples was done using the PANalytical X Pert Pro diffractometer through Cu
Ka radiation (A = 1.5406 A°) generated at a voltage of 40 kV and 30 mA current. The
samples were scanned using a step size of 0.1 degrees from a 26 angle of 0 to 80° to
determine the mineralogical content in the biochar.

Pot-culture study details

The A. auriculiformis was selected for the reclamation study based on its properties like a
dense root system, drought tolerance, large canopy cover as reported in the earlier studies,
where it was used for the reclamation of degraded lands. Before the plantation, the A.
auriculiformis seeds were sowed in the biochar-soil mixtures (biochar mixed at the rate of
0.5, 1, 2, 5, and 10 % wi/w ratios with the mine-soil) in the petri-dish and maintained at a
minimum moisture level of 10 — 15 per cent. The soil mixture containing seeds were
incubated in an incubator maintained at a temperature of 22 °C under a continuous flow of air
and illuminated with artificial light (4100 lux) during eight hours a day. After ten days, as the
saplings started coming out of the seeds, the saplings were transferred into the individual pots
containing the mixture of mine-soil, biochar (400 and 600) and biochar-fertilizer mixture
(400 and 600). The pot culture study was conducted for a duration of 15 months and, for the

entire duration; water was added to the pots on every third day to maintain the average



moisture content of 6 — 8 per cent. The mean temperature inside the poly-house during the
rainy season (July — October 2019) was around 29 °C, and relative humidity was 79 %.
During the winter (November — February) and summer season (March — June), the mean
temperature was 23.5 °C and 33°C, respectively, and the relative humidity was 65 % and 71

%, respectively.
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Figure S2: Pot-culture study in a poly-house using biochar and fertilizer as the soil amending

material in the soil planted with Acacia Auriculiformis
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Figure S3: Correlation matrix for the physicochemical properties of the

biochar
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Figure S4: (a) SEM image of the EB; (b) FTIR curve of the EB; (c) XR
produced at 400 and 600 “C

D curve of the EB
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Figure S7: Bioaccumulation factor (BAC) of the heavy metals in the shoot and root part of

the A. Auriculiformis
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Figure S8: Post Eucalyptus wood Biochar (EB) characterization: (a) SEM Image and

heavy metals mapping adsorbed onto the EB surface; (b) XRD analysis of the post
400 and 600 EB



Table S1: Elemental and proximate analysis results of Eucalyptus wood biochar produced at 400 and 600 °C

Sample Mineral
C% H% N% O% O/C H/IC (O+N)/)C VM% FC% PHpzc
ID matter %
400EB 7046 239 411 23.04 024 040 0.295 7257 21.32 6.11 7.52
600EB 7959 193 289 1559 0.15 029 0.177 63.24  28.46 8.30 7.94

Table S2: Physicochemical characteristics of eucalyptus wood biochar (mean =£S.D, n = 3)

Sample pH CEC Exchangeable (mg/kg)

ID (cmol/kg) < c v
a g

400EB  9.03#0.23  11.2940.28  96.3242.27 1693.21436.23 1281.34438.50 119.3243.76

600 EB  9.9540.21  13.38#0.42 51.39+1.06 2493.86460.33 1421.87441.10 159.2745.03




Table S3: Heavy metals content in the eucalyptus wood biochar (mean =S.D, n = 3)

Sample ID  Ni (lg/kg) Co (g/kg) Zn (o/kg)  Cu (o/kg)

400 EB 72.05#416.62  21.97#4.63 764.66426.12 32.91+1.06

600 EB 112.64421.16  38.42+1.05 967.83%29.59 39.62+.12

Table S4: BET surface area and pore volume of the eucalyptus wood biochar

BET surface area Total pore Average pore Micropore
Sample ID .
(m?/g volume (cc/g) diameter (A) area (m?/q)
400 EB 83.47 0.0968 29.92 n.d.

600 EB 294.81 0.166 18.41 306.42




Table S5: DTPA extractable heavy metals in the mine soil (n = 3, mean £S.D.) after pot-

culture study

Application )
e (0% DTPA-Ni DTPA-Cu  DTPA-Zn DTPA-Co  DTPA-Cr
(i) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
0.5 6.1140.42° 2.5640.49° 5.0440.37° 2.542051° 2.0220.40°
400 T 1 45040.64°  1.9820.32¢ 4.3940.35° 2.2940.45% 1.7240.25%
EB 2 3.2840.45d°  1.7040.51d° 3.7940.23% 2.2140.44% 1.5130.27%
5 2.1740.33"  1.5520.60d° 3.3440.639 2.0220.33% 1.3320.31%
0.5 3.4620.35°  1.9640.37° 4.2330.53° 2.1840.32° 2.090.35°
4007C 1 2.9940.45% 1794052 3.5640.49¢ 1.9740.46% 1.8530.62%
F::l;er 2 2.1240.40%  1.4530.47%" 2.08+40.35° 1.6020.40° 1.500.49%
5 1.7140.41°  1.3240.27°" 24540467 1.4240.42¢ 1.2740.25%%
0.5 5.5140.42° 2.4340.58° 4.1020.39% 2.4020.47° 1.5740.33%
600 T 1 3.7920.16%  2.0020.45% 3.6140.42°" 1.9940.32% 1.2120.27°%
EB 2 3.5240.49¢c%  1.5040.43% 3.1940.49%" 1.91140.28% 1.0840.25
5 2.2140.42¢"  1.3440.47° 25940317 1.6840.31¢ 0.9840.20°
0.5 2.89+40.43% 1.9240.4° 3.3140.54% 22240.46° 1.6140.42%
P007C 1 2.3040.37%  1.7120.40%° 2.8840.59° 1.9230.57% 1.4940.49%
F:Z;er 2 1.4940.52¢  1.3620.45%" 23330529 1.7740.45% 1.1040.259
5 1.4340.48° 1.1920.39"  1.9740.639 1.6320.42% 0.9440.31°
Fertilizer
[@ 75
kg/ha N,
30 kgha Control 1 5.9140.70° 4194033 5.3540.38° 6.0540.53" 4.0640.55°
P, 90
kg/ha K]
Only
mine Control 2 8.6240.66°  5.6520.42° 6.9020.49° 8.2620.38% 4.6140.34°

soil




Table S6: Acid extractable heavy metals in the mine-soil after pot-culture study

Application )
rate (% Ni Cu Zn Co Cr
(wiw) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
0.5 18.30+1.88° 7.0140.76% 20.9242.03° 13.5320.42° 79.2342.06"
400 T 1 13.9020.70° 6.5540.67% 18.4621.09° 10.0720.94° 74.1442.73°
EB 2 12.3741.84" 41240700 15.1341.47° 8.9040.777  68.26+2.28¢
5 9.3040.68° 3.82#1.46" 12.67#1.38" 7.1940.86" 66.18+1.58¢
0.5 15.2641.05%  7.5040.79° 18.30+1.61¢ 12.63+1.18% 81.33+1.34
400°C 1 11.0040.57¢ 5.7240.34° 150442.09° 9.1640.87" 75.28+42.05"™
F;:I;er 2 10.1940.48" 3.3320.55" 122742917 7.8720.69° 70.0942.95%
5 8.3440.549 2.1140.679 9.3042.329 4532081 67.1642.21¢
0.5 12.8640.92° 6.0840.63° 15.631.47° 12.6830.72° 73.4342.31°
600 T 1 0.47#1.29  4.4940.57% 11.69#1.90° 10.6740.32° 72.11+.16¢
EB 2 9.0540.629 35240.62° 8.68+1.36% 7.2840.519  69.3241.52°
5 8.1840.38" 3.2020.59°" 6.3542.20' 5.9740.62"  66.2442.579
0.5 16.97#1.02° 4.4240.60° 13.61+1.48Y 11.9040.66° 69.7442.19°
°00°C 1 10.8541.22° 3.7140.44% 10.59#1.54" 8.19+1.28"  67.6242.39"
F;z;er 2 8.52+1.18% 3.1530.69°" 7.69+1.69" 4.8620.78'  65.0842.07"
5 6.91#1.24" 25640.42" 58442.13' 3.5840.81 62.51+1.95'
Fertilizer
[@ 75
kg/ha N,
30 kg/ha Control 1 22.68+1.14° 14.9140.96° 27.1632.36° 25.3340.95° 105.1943.07°
P, 90
kg/ha K]
Only
Control 2 32.20#1.37° 23.32#1.06° 32.45+1.64° 33.2841.65° 114.8342.57°

mine soil




Table S7: Statistical analysis to test the normal distribution of the data

Number of Shapiro-
Parameter observations  Skewness Standard “ Wilk
) Error Value p.value
Soil Fertility 32 0.370 0.572 0.646 0.316
Index
pH 32 0.342 0.582 0.587 0.442
Organic Matter 32 0.270 0.472 0.572 0.330
Ns 32 0.232 0.473 0.471 0.513
K 32 0.379 0.472 0.806 0.290
Ca 32 0.307 0.472 0.650 0.384
Mg 32 0.125 0.472 0.264 0.136
PO4*> 32 0.149 0.472 0.315 0.169
NHas-N 32 0.312 0.472 0.661 0.955
CEC 32 0.320 0.472 0.678 0.871
Soil Catalase 32 0.421 0.472 0.892 0.906
 — glucosidase 32 0.288 0.472 0.610 0.944
Urease 32 0.293 0.472 0.621 0.947
DTPA Ni 32 0.394 0.472 0.834 0.643
DPTA Co 32 0.459 0.472 0.972 0.523
DPTA Cu 32 0.433 0.472 0.917 0.304
DTPA Zn 32 0.454 0.472 0.961 0.598

DTPA Cr 32 0.462 0.472 0.978 0.346




Table S8: Heavy metals in the plant shoot and root parts (n = 3, mean +S.D)

Af:::(i;;m ZNshoot Nishoot COshoot Crshoot Cllshoo
05 0814106 3474044 1864032  6.0620.23 15140.02
1 7044065 3362047 1914051  4.8940.35  1.4140.02

400 EB
2 7114056  2.804031 1824043 4324032  1.3240.03
5 4814076 2744040 171041 4284045  1.2840.01
05 7864077 3674032 1784028 5124022  14640.03
1 7284074 3124045 1804037 4462035 1.3840.03

600 EB
2 4074075 2994036 1804043 411032  1.2940.04
5 3484050 2814028 1654045  3.4240.37  1.24+40.02
05 0494057 2674035 1594023 444036 1453004
400 EB + 1 7.6640.46 2524027 1504026 4012042  13440.04
Fertilizer 2 6.5040.40 233033 1644037 3402047 1.2840.02
5 5364045 2154039 1634044 3162053  1.2320.02
05 7014041 2924023 1474042 4053025 139403
500 EB + 1 7114039  2.6040.28 1444051 3552028  1.3440.02
Fertilizer 2 5694057 2134036 131037 3284031 1.2340.02
5 4904050 2463031 1204028 3242042  1.0640.01
Control 1 203040.93 10624072 13.6540.72 14914072 2.4640.04
Control 2 14.8840.88 13.84+1.08 11.3541.00 12.0740.65 4.6040.05




ZNroot Niroot COroot Crroot CUroot

0.5 10.3841.13 5.7940.78 2.0840.25 5742011 1.050.04
1 7024110 5204086 1672019 5284013 1.7620.06

400 EB
2 5714098 3.94+112 1842015 50040.18 1.50+0.06
5 5074090 3.2640.89 135023 4153019 1.4740.04
0.5 8274093 4.884049 204021 527011 1.8540.04
1 7304066 4.3040.76 1372035 5024012 1.6940.03

600 EB
2 53010.84 3714065 1.350.28 4.3740.18 1.5540.05
5 55141.06 3.3140.68 1224027 4143015 1.4340.04
05 10.6241.14 3.760.77 1734015 4854022 1.7620.02
400 EB + 1 0.0141.10 3.89+1.16 155019 4.2910.17 1.6640.04
Fertilizer 2 7.8041.09 2962050 1424016 4.0140.13 1.3840.03
5 6.9841.12 3.0340.77 123026 3.77021 1.1540.04
0.5 8364075 4.144064 1812012 4284017 1.7120.03
500 EB + 1 7.7840.97 3.924060 1334030 4.062029 1.6340.02
Fertilizer 2 7204101 3624056 1.184022 371027 1.3620.04
5 5424116 3.124055 1032011 3342024 1.1320.03
Control 1 15144117 833078 7.374065 13.3940.84 3.23%0.04
Control 2 11134123 7734070 4.824069 8774066 4.8520.05
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