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Table 1- Physical and chemical properties of the studied

sail
Properties &luo gas Amount ,lase

Sand (%) 86/7
Silt (%) 9/28
Clay (%) 4/00

Texture (Sandy loam) e 15

OM (%)

CCE (%) 86/2
CEC (cMal, kg") 3/10
EC (dS. m™) 0/04
pH 7167
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Table 2- Physical and chemical properties properties of the biochars pyrolyzed under temperature of BO, B200, B400, B600

SR Wy o6 A5 Voo slod jlagn Lo slod jlagm e los jlogm
Properties Pistachio nutsshell ~ Biochar Tem. 200, B200 Biochar Tem. 400, B400 Biochar Tem. 600, B600

K (mg. kg™ 768 893 1712 2018
P (mg. kg™ 198 196 208 212
Mn (mg. kg™) 6/00 7125 15/0 18/3
Zn (mg. kg™t 75 2175 6/75 7125
Fe (mg. kg™ 230 361 619 633
pH 5/22 6/63 /36 /58

EC (ds. m™) 1/24 13/5 2712 31/9

5 WYE L FIPY SIPH oy syl sl 5 <8l Gl 50

o S S Colin B PH g 155 cslod Gl



IFAS g9 st — 018 yo ¥ 0 kot FY wle> (S g Of 4y i AM¥

N0 slajg) 350 sbod Jlrgn ks 2oy ¥ aw 3 (¥ Joi2)
OV/0 g VY YN L s iay £ Sjg o pd Vo Cagby )0+ g Y-
sy ) 93 32 0 At gy )3 g ald 4 G il Lo
Cogboy 3 il Ao 3 B g CBye Ll 3 Jials dod YO L
B 0odlS o bz il s f0nlE 4y Cond 59 doyd V-
Lass modlS 0,5 Lo B cdale (5 .050,8 sald 4y Copd Ly pwd
VO gy 30 s yi d duoyd FY/0 g YAIS 1y o jiwd B ouedlS
B Jodz) o yials aalis b dwslas 2 ¥ g

CLE,E cgb)y pd Fer (glod Jlogn do)d ¥ maw £+ o) 5
Lo ¥ (S sl aals b (g)b gne wgles o5 > )3
o3l CLE)S 5 (559 dopd Ve slacugh) 3 Fe e glod jlagn
A el dn Cawd Mo YIYY o YA Csp a1y Lujiwd B
5 &l AW Ao 2 ¥ e Ar g5 50 b ialS o)b bxe S
M.a)u )lerIuw uu.mU [evaw ub).c Ja;‘).w 5 ¥ dLo) )l>9.u
doyd YAIY 5 VIO Hlade & sy @ dald & Cund wyiwd B
¥ abw (I jeb day aS s o i gls opl (0 Jade) Bas
oS cuw glisl clajsy lad I Frr sl jlagm duo)d
559 o Ve Cugboy 30 50 (ol ds ST 0w ysd BB puedls’
o 5L 35 DByt oy 3 ol b5 L 5 20,5 sanlio o5
Qe g5 cuddS s b jloow Ao yd ¥ pdaw (3 .55 saaline
25U aalllan 3,90 20 L L dulio 3 Foe (slod slog S
D LS oyiwd BB peedlS yialS (i

o0 A5l gn COSEST slod 3 (YA) oy an g wlaigd
33 )38 oy 3j90 |y 59y 9 medlS > Sk 1SS
15 g g wedlS 5 (g9) ol ke & 08 ol o]
Moo 5l e plp slee bosl (wgmand 42> Ver (glo 53 0
aslllae L (VA) 555 09 (wamadis da )0 ¥o v clod 43 oad WJg
o9 ol p il glales 3 (s JAb jlend A5 Jlgu
9 I8 JonS gyt sLoog) S (59 pogex x> 45 00)S ol
(Cogesh 423 0+ 9+ +) (g0l (slod )3 SileuS'5:)S" (sloog S
A Fe ) YU slos jo il cdl S slalidlu g9y 50 9
Fre slod Jlgn g og> da (ored S9d o ol (gl
Oosrebe 4253 ¥O 5 Yov (glos I il Jl (ogpndis 423
ISy el b o, Soyliae e bl SUlg (PHpze o (ST
el clos iuli8l a8 ol osd (5,135 s (F2) 1S o
g5 00 CEC 501581 5 &lyd ojlil als w0y pdaw isl3dl el
PH ialisl L colseis] glos il pols adllas p3 (V5 ¥)

Lol gy . el Cosd & o g uikesjowd YVA B Y0 I EC
(FVg Y0) asyly gyt EC o pH YU slaled j3 ouds 1 Jg
S99 el ole sloog)S g0 4 ol slaled o 32
29k o sjb g l38l g (FB00°C) La> (ial33l L oS )l
o=l (Y 9 ¥) amd o S8y wile (b S 5 4 JolS
PH GRl38l g sl gm sliSlo )3 39290 (f9yis (ARl o Ol
Jade ialS olase (ud 2L LY5 J) (S prizren 90
EC il (O 5 F) ol Lod Lial38l b csipusd lole (cloog,S
» yebie cdale Giolidl s 4 Wlgi e o GRalj3l 315 g

58 511 o> il o gm

SEXT RS

3 s S 48 3 o (1 Jpiz) ool il 52
Fe A0) alllas 3)90 sLajy) dod ) Cugb) g slagm (iSen
o)V g ) @eedls Spas gaw 93 2 )3 (59,8 9 5
Ll ppedlS Ll cublB s (g ixe

YO clale > as ob L (F Jods) bodly uSle duslie
Se @ slan 2oy ¥ gdaw 13510 jgy 3 kS 2 p S ke
008 L eyiwd B aeedlS JialS 5 (6,5l bayley
oo id JB odlS jlado (oS Jlrgn b3 ¥ e 3 o5 b
Ve Cugh) ) halS cpl & ity dgg Fev glod Jlagy jlas
Fo Y 5e) U aS (35g) g )3 dne a0l b awolie )3 (S doy
= sl gled 21wy b (W) ) g o oAb oaaliio
Lod Liul38l b as” Wdged ()55 3w @l3ls Clo g Cluoguas
s Jole sLmos, Sy olie e Jp ey ol Sl
2ol Agi slaylagn &8 o LS bl Claalie b e Eals
g 42> Ao g Ave (glod (slalrgn o529 4 YL gloo
Ll opedlS il (gl (i e b )b

SLeslsn £+ 59y 53 pSokS 3 weedlS £S5 o VO s
YYI¥ 5 YA il ditusly doyd ¥ pdaws 3 Foe 9 ¥ev lod
L alie )3 GLEE Cgb) )3 1) oy LB opedl8 5l 2>
Fre slod logn b g 103 ¥ daw )3 5 win ials aali
Ao )d OV/D sl & Cod HId sxe MBI QB je yue Cugboy 1
gy jlosd A 59y 53 (¥ Joia) 3> (ol 1) (o pied B eedls
Cgb) P dopd Ve )3 Fee g ¥ee glod slajlogn g e
Iy o yawd BB 0rodlS o3 DO/ o OY/Y Fe/A sy ay QB
lod jloow ks 1o ¥ adaw jo o ials sals b awslis p
oo piwd BB 000l Canslyr dalds 4y Cowd Hlo me AWML £ -
ClLBye g Fig doyd Vo Casgby )0l 4 Mo > YO/D 5 £4/0 1)
oD ¥ 0,8 p,55lS 3 peedlS p,5 Lo YO cdale o b ials
¥ lagle; ) QB Cugb) L Fee 5 ¥rr lalod gy



MO L posls Lis calill p diliso oled 43 ouis ulgi oyl g il

0- clale (¥ Jodo) b odmlin polie ol 350 95+ &
DL s jlagn o (38l p)SelS ) aeedlS )5 e
25 sled jlagn Load jled SLS 3 edlS Gl cullls
sLojg) 12 48 gk 4 A3 Sjg dopd Ve OBy lacugb,
Lolrgn 203 ¥ daw (5jg 2o pd Ve Cugb)y 280 90 0
Gao> FAA 5 YYIA S5/2 YIF LialS oyl e Cglis
5 5000 (O Jgan) Ad do ¥ e 4 G wuedlS s el
sLasSLs 3 (i yolie (B (s CeblB (1T) o Sen
lod 3 0u W ML 5d g 5,8 b 1y clail e o3gll
oanliio Loyl .oy )3 adllas 3y90 |y doyd A g ¥ zolaw g 00+
S5 il (LS o piod Sl (el G Jlrgn oS 03,8
Cdbih G g SS9 g9y me quuedlS polis (il (ialS
2ol oy Ll ead w g jlasn S1(V) Ghlen o
Vog ) o sl )l L) (g 42300+ slod
3B gy 3y90 (55 yolis (gl g g yid el sopd
osn Loy Ve e 5,,L8 Les a5 W00,)8 sdmlie ba oyl Wl
ald jlos Ly dslie 13 1) pgyS il (slabasMo LB jluide aiuilys
3> lis adlllas cpl )3 sl Cowd a4 gl (IS ok 4 amd ialS
ke 00 9 VO slaclale )3 hlagn (S5g Mo T zolaw 3,8 oS
pSodzr bl o Kl oo 008 Jlasl slacush) § wradlS o5

Do Frev glod yd 0 Agi Hlagn 5 mredlS s s

25 L 35155 5 45 (1 Jyiz) a5 e o 15 (sl
(FY 9 Y0 XY AWV F) sl (ppiions 3l Lawg? 00 i )l55
(¥+) 39 S5 )3 weadls il Ll o wlge PH il
5 YL PH LS 5+« el Jlnsm Slogas ggamms Yiats|
otalS g i Ghlisl o ol e o)Shes > s oy e
Al o o yiawd BB peedls’

a0, S g ials wyiwd BB predlS clale loj cubdS
Fov s fogm ot 1SS 5 05 e YO SR 3 e b
590 8 5l g @i LB melS Clalé logn w03 ¥
9 539 20 Ve Cagb) ) iy 410 o) b dwalie )5 (Ll
(¥ Jgdo) il il o 3 FF/Y o YO/ B ye

J2sn Tebu
Ao ¥ e 3,80 g, 13 p )59 LS weedlS )5 e YO
e lod jlagn sl |y ogtd BB @uadls Codly )lge
5 S5y slacugh) )3 4o yd ¥ g b duslie )3 (61 ixe 55k
S il Jig oy Ve

Ay A 00 )d ¥ s b duslie )0 o pd ¥ e VO g 0
slrjgy 3 2hs lis iy 8B Fre g Ve slod (slajlegn

6352)5 meodl8 B ol ;3 muodlS i Culsl il (S jlowd ST il g 42525 Y Jgs
Table 3- Analysis of variance of the effects of treatments on Cd availability in different Cd levels.

Yo il
Concentration 25 (mg kg™

CAJUS I WA NEEYSH

Source of variation  Degree of freedom

ol
Time (Day)

15 30 60 90

Biochar ,l>.

Moisture coghb,
MoisturexBiochar cogb, x b
Error s
Coefficient of variation (ae,s) oy o ps

928" 986" 31727 413"

1 235" 1637 583" 2417

6417 9127 448" 4427

18 0.397 0.833 0412 0.161

7.82 11.38 10.92 7.53

Concentration 50 (mg kg™?)

Biochar ,l>s.
Moisture coghb,
MoisturexBiochar cugb, x > gu
Error s
Coefficient of variation (we ) oy co s

8 597" 748" 516" 724"

1 0.700® 0200 727" 157"

8 510" 355" 276" 365
18 0819 0564 0268 0.394

7.48 6.41 6.29 797

o I sine ™ el I sine 1o y3 B o 3 a1 sine doyd K gl 3
"™ Notsignificant,” Significant at P< 0.001, " Significant at P< 0.05
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Table 4- Comparison of the means of DTPA-Cd in different times (concentration of 25 mg Cd kg™

Biochar level ,ls g o

4%
S Ve o, 9w Ve oB,e
20% wiw Waterlogged 20% wiw Waterlogged
Day 1510 39,
Blank sals 4.56%¢ 2.34%f - -
Pistachio nuts shell az., 4 4.04>° 3.45%¢ 4.47% 4.02%¢
B200 455%¢ 3.40° 3.89% 3.813
B400 4.86°° 3.42° 4.217¢ 5.66°
B600 5.52%P 3.66"" 2.09 2.63%
Day 30 Y- s,
Blank ssls 4.44°¢ 2.67"¢ - -
Pistachio nuts shell a:., dls 4.38>¢ 363" 4.39"¢ 2.95%¢
B200 431> 3.88°¢ 4,58>¢ 3.90°¢
B400 4.38>4 2.43"9 3.58% 6.16
B600 5.34%P 3.47° 1.20° 2.46°9
Day 60 #- s,
Blank sals 3.42%° 2.05%¢ - -
Pistachio nuts shell «u., 4l 3.43% 2.33%¢ 3.80° 2.51°¢
B200 3.86% 2.11%f 3.712 2.65%¢
B400 3.70% 1.26' 3.14%¢ 3.20%¢
B600 4122 1.57% 1.59% 2.16%
Day 904- 5,
Blank sals 3.343P 2.92%¢ - -
Pistachio nuts shell ., 4 3.23* 1.73" 3.13*° 2.39%¢
B200 3.24%° 2.14°f 3.04%¢ 2.51°°
B400 3.13%° 1.37° 2.46%° 3.43%P
B600 3.58% 1.319 1.32¢ 1.59"9

bl o SIS (o903 L o3 0 Jloin] e 43 13 cime Loglds B S piudio By Sy Sl (5115 glaeSile
Data with common letter do not differ significantly at the 5% probability level according to the Duncan'stest
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Table 5- Comparison of the means of DTPA-Cd in different times (concentration of 50 mg Cd kg™)

Biochar level ,ls g xlaw

2% 4%
Sigwep Ve oBy 9w Ve ob
20% wiw Waterlogged 20% wiw Waterlogged
Day 15 Y0 ;9
Blank sals 6.01%° 4.11%¢
Pistachio nuts shell «u., s 5.65%° 5.82%P 5.26°¢ 6.08%°
B200 6.22%° 5.95%P 5.26"¢ 6.05%"
B400 6.39%° 5.88%" 5.843P 6.81°
B600 6.52%° 6.37%° 3.69¢ 5.68%°
Day 30 Y- 5,
Blank asls 6.03%" 4.45
Pistachio nuts shell «u., s 6.07%° 5.12>¢ 5.17%¢ 5.81%°
B200 5.95%¢ 5.85%¢ 5.69%° 6.113°
B400 6.047° 5.72%¢ 6.07%" 5572
B600 6.42° 5.79%¢ 3.41° 4.78%¢
Day 60 #- 3,
Blank sals 4.80%° 2.87"9
Pistachio nuts shell ., 4 513 3.10%9 4,327 3.41%¢
B200 4.92° 3.49%¢ 483" 4.04%
B400 4.74%¢ 2.149 4.64%¢ 413"
B600 4.30*¢ 3.46%9 2.89"9 2.66°
Day 904- 5,
Blank sals 457%P 4.13%°
Pistachio nuts shell «u., 4 432%° 217° 3.70° 381°
B200 433 373 4.34%° 417
B400 4.38%° 2.13° 3.83° 4.13%P
B600 4842 4.18%° 2.48° 2.52°
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Data with common letter do not differ significantly at the 5% probability level according to the Duncan's test

Oil38l L a8ty o st 4y i )38 (51 el Gl el
otalS 3 o QUlg Gugrdo 423800 U Jlagn 1y slod
S0 s )lasn By SYL sl )3 93l (St )lrge
L (S ol 390 (g 20> Ve Cashoy Sl i )2 Cug,
Azse 3,8 48 el JRBI lge oael Cuns 4y @l 4 229
o Sygo Ay AJ‘Q;L;Q Al Olwls )‘ Jwb;" 9\‘“ sl
3)9— i (areum QI K plgis 4 g Cwd )l Bl
SyaiS sl opae o sl oyl 5l edlitwl 45 (5155 1,8 eolatul

2yl (elasy30 Slalllae g yndn Clidss 4 5L o ol Wb 9

bl ) o8 (i polis gwyp b (VF) ohlSen 5 e
L g 3 (S SLS 5 36 Gluogas 4 DTPA L (5,50 las

byly s o uyiwd JoB peedlS clale 0gd 0 05 loj CubdS
S ygmod g 39 Sglie b )5 4 Hloge 4 d g b calise b,

203 ¥ o 53 (o ysd BB mpedl8 (Lol &t oo Sl (S
(D 5 ¥ Jgia) 24 W9L>))~bwu,\,a)a\°@a.w)lw)l>/w

IS (G S Ao
3L Jlade ylagn Adg (slod aS ol s sl dalllas ol
S8 ] 21y Slgs e gy w25y b o piSen s g



IFAS yg9 50 — 010 30 ¥ 0yleds ¥ il (S gl ais AVA

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

&l

Adriano D.C. 2001. Trace elements in terrestrial environments biogeochemistry, bioavailability, and risks of
metals, 2nd ed. New Y ork: Springer. 879 pp.

Adriano D.C., Wenzel W.W., Vangronsveld J., Bolan N.S. 2004. Role of assisted natural remediation in
environmental cleanup, Geoderma, 122: 121-142.

Allison L. E. and Moodie C. D. 1965. Carbonate. In: C. A. Black ed .(.Methods of Soil Analysis. part 2. American
Society of Agronomy. Madison, WI. 1379-1396.

Bagreev, A., Bandosz T.J., Locke D.C. 2001. Pore structure and surface chemistry of adsorbents obtained by
pyrolysis of sewage sludge-derived fertilizer, Carbon, 39: 1971-1979.

Beedey, L., and Marmiroli M. 2011. The immobilisation and retention of soluble arsenic, cadmium and zinc by
biochar, Environmental Pollution, 159: 474-480.

Bian, R., Joseph S., Cui L., Pan G., Li L., Liu X., and Donne S. 2014. A three-year experiment confirms
continuous immobilization of cadmium and lead in contaminated paddy field with biochar amendment, Journal of
hazardous materials, 272: 121-128.

Bolan N.S., Adriano D. C., Duraisamy P., Mani A., Arulmozhiselvan K. 2003. Immobilization and availability of
cadmium in variable charge soils. I. Effect of phosphorus addition, Plant and Soil, 250: 83-94.

Bower C.A., Reitemeier R.F., and Fireman M. 1952. Exchangeable cation analysis of saline and akali soils, Sail
Science, 73: 251-261.

Chapman H. D., and Pratt D. F. 1961. Methods of Analysis for Sail, Plant, and Water. University of California,
Division Agriculture, Soil Science. PP. 60-62.

Chen B.L., Zhou D.D., Zhu L.Z. 2008. Transitional adsorption and partition of nonpolar and polar aromatic
contaminants by biochars of pine needles with different pyrolytic temperatures, Environmental Science and
Technology, 42: 5137-5143.

ChenT., Zhang Y., Wang H., Lu W., Zhou Z., Zhang Y ., and Ren L. 2014. Influence of pyrolysis temperature on
characteristics and heavy metal adsorptive performance of biochar derived from municipal sewage sludge,
Bioresource Technology: 164, 47-54.

ChenY., XieT., Liang Q., Liu M., Zhao M., Wang M., Wang G. 2016. Effectiveness of lime and peat applications
on cadmium availability in a paddy soil under various moisture regimes, Environmental Science and Pollution
Research, 23: 7757-7766.

Chen, H. M., Zheng C. R.,, Tu C,, and Shen Z. G. 2000. Chemical methods and phytoremediation of soil
contaminated with heavy metals, Chemosphere, 41: 229-234.

Chuan, M. C., Shu G. Y., and Liu J. C. 1996. Solubility of heavy metals in a contaminated soil: effects of redox
potential and pH, Water, Air, and Soil Pollution. 90: 543-556.

Cui L. LiL., ZhangA., Pan G., Bao D., and Chang A. 2011. Biochar amendment greatly reduces rice Cd uptake in

a contaminated paddy soil: atwo-year field experiment, Bioresources, 6: 2605-2618.

Dabrowski. A. 2004. Selective removal of the heavy metal ions from waters and industrial waste waters by ion-
exchange method, Chemosphere, 56: 91-106.

De Filippis, P., Palma L.D., Petrucci E., Scarsella M., Verdone N, 2013. Production and characterization of
adsorbent materials from sewage sludge by Pyrolysis, Chemical Engineering Transactions, 32: 205-210.

Dong D., Yang M., Wang C., Wang H., Li Y., Luo J., Wu W. 2013. Responses of methane emissions and riceyield
to applications of biochar and straw in a paddy field, Journal of Soils and Sediments, 8: 1450-1460.

Fellet G., Marchiol L., Delle Vedove G., and Peressotti A. 2011. Application of biochar on mine tailings: effects
and perspectives for land reclamation, Chemosphere, 83(9), 1262-1267.

Freitas J. C. C., Cunha A. G., and Emmerich F. G. 1997. Physical and chemical properties of a Brazilian peat char
asafunction of HTT, Fuel, 76: 229-232.

Gee G. W. and Bauder J. W. 1986. Particle- size analysis. In: A. Klute (ed.). Methods of soil analysis, Part 1.
Physical and Mineralogical Methods. American Society of Agronomy. Soil Science Society of America. Madison,
WI.

Gundale, M. J., and DeLuca T. H. 2006. Temperature and substrate influence the chemical properties of charcoal in
the ponderosa pine/Douglas-fir ecosystem, Forest Ecology and Management, 231: 86-93.

Khalid R.A., Gambrell R.P., and Patrick W.H. 1981. Chemica availability of cadmium in Mississippi River
sediment, Journal of Environmental Quality, 10: 523-528.

Klasson K. T., Boihem Jr., Uchimiya M., Lima |. M. 2014. Influence of biochar pyrolysis temperature and post-
treatment on uptake of mercury from flue gas, Fuel Processing Technology, 123: 27-33.

Kookana, R. S. 2010. The Role of Biochars in modifying the environmental fate, bioavailability, and efficacy of
Pesticidesin Soil: A Review, Soil Research, 48: 627-637.

Lehmann J. 2007. Bio-energy in the black, Frontiersin Ecology and the Environment, 5: 381-387.



AMA

cepo0OlS s Colils p Cilisio sbales 30 ouid ol syl gw w5

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42

43.

44,

45,

Lehmann J., Joseph S. 2009. Biochar for environmental management, Science and Technology, Earthscan Ltd.,
London, UK.

Leonidas L. C., Leonidou C. N., Fotiadis T. A., Zeriti A. 2013. Resources and capabilities as drivers of hotel
environmental marketing strategy: Implications for competitive advantage and performance, Tourism
Management, 35: 94-110

Lindsay W.L. and Norwell W.A. 1978. Development of a DTPA soil test for zinc, iron, manganese, copper, Soil
Science Society of America Journal, 42: 421-428.

Loganathan P., Vigneswaran S., Kandasamy J., and Naidu R. 2012. Cadmium sorption and desorption in soils: a
review, Critical Reviews in Environmental Science and Technology, 42: 489-533.

Lua A. C, Yang T., and Guo J. 2004. Effects of pyrolysis conditions on the properties of activated carbons
prepared from pistachio-nut shells, Journal of Analytical and Applied Pyrolysis, 72: 279-287.

McBride M. B. 1994. Environmental chemistry of soils, Oxford Univ. Press. New Y ork.

Méndez A., Gomez A., Paz-Ferreiro J.,, GascO G. 2012. Effects of sewage sludge biochar on plant meta
availability after application to a Mediterranean soil, Chemosphere, 89: 1354-1359.

Misra A. K., Sarkunan V., Das M., and Nayar P. K. 1990. Transformation of added heavy metals in soils under
flooded condition, Journal of the Indian Society of Soil Science, 38:416-418.

Namgay T., Singh B., and Singh B. P. 2010. Influence of biochar application to soil on the availability of As, Cd,
Cu, Pb, and Zn to maize (Zea mays L.), Soil Research, 48: 638- 647.

Nelson D. W and Sommers L. E. 1996. Total carbon, organic carbon and organic matter. In: D. L. Sparks (e.d.).
Method of soil analysis, Part 3. American Society Agronomy., Madison, WI.

Raicevi S., Kaludjerovic-Radoicic T., and Zouboulis A. 1. 2005. In situ stabilization of toxic metals in polluted
soils using phosphates: theoretical prediction and experimental verification, Journal of Hazardous Materials, 117:
41-53.

Silveira M. L. A., Alleoni L. R. F., and Guilherme L. R. G. 2003. Biosolids and heavy metals in soils, Scientia
Agricol, 60: 793-806.

Song W., and Guo M. 2012. Quality variations of poultry litter biochar generated at different pyrolysis
temperature, Journal of Analytical and Applied Pyrolysis, 94: 138- 145.

Uchimiya M., Klasson K.T., Wartelle L.H., Lima |. M. 2011. Influence of soil properties on heavy metal
sequestration by biochar amendments: 1. Copper sorption isotherms and the release of cations, Chemosphere, 82:
1431-1437.

WuL., Li Z., Akahanel., Liu L., Han C., Makino T., Luo Y., Christie P. 2012. Effects of organic amendments on
Cd, Zn and Cu bioavailability in soil with repeated phytoremediation by Sedum plumbizincicola, International
Journal of Phytoremediation, 14: 1024-1038.

Xiong L. M., Lu R. K. 1993. Effect of liming on plant accumulation of cadmium under upland or flooded
conditions, Environmental Pollution, 79: 199-203.

Yu X.Y., Ying G.G., Kookana R.S. 2006. Sorption and desorption behaviors of diuron in soils amended with
charcoal, Journal of Agricultural and Food Chemistry, 54: 8545-8550.

Yuan, J, Xu, R, Zhang, H. 2011. The forms of akalis in the biochar produced from crop residues at different
temperatures, Bioresource Technology, 102: 3488-3497

Zhang H., Lin K., Wang H., Gan J. 2010. Effect of Pinus radiata derived biochars on soil sorption and desorption
of phenanthrene, Environmental Pollution, 158: 2821-2825.



Journal of Water and Soil (53,98 @slioo g psle) S 9 O 4 i
Vol. 31, No. 3, Jul.-Agu. 2017, p. 811-821 A AN-AYY .o AFRS jas 100 — 315 yo oF olas Y >

Effect of Biochar Produced at Different Temperatures on Cadmium Availability
in a Calcareous Soil Under Different Moisture Regims Over Time

B. Afrasiabi’- E. Adhami®- H.R. Owliaei®
Received: 10-02-2016
Accepted: 24-10-2016

Introduction: Cadmium is one of the toxic heavy metals which is highly problematic in today's industrial
world. It is essential to study the techniques for removing or reducing its availability, toxicity and consequently
its hazardous effects in environment. Biochar is an amendment reported to be efficient in fixing heavy metals.
Pyrolysis temperature is among the most important factors affecting biochar's characteristics, such as pH, CEC
and specific surface area and generally it's potential to sorb heavy metals. On the other hand, soil moisture
regime could affect pH and EC and consequently the Cd availability. Iran is the second producer of pistachio in
the world and consequently alarge volume of pistachio waste byproducts would be created annually. Converting
this byproduct to biochar may be an efficient tool to prevent its accumulation. On the other hand, the produced
biochar could be used as a soil amendment. The present study was conducted to evaluate biochar produced from
pistachio nutshell under different temperatures for reducing Cd availability under different moisture regimes.

Materials and Methods: The soil texture in the present study was sandy-loam. Raw pistachio nutshell
(RPN) was used to produce biochar under different temperatures. RPN was rapped in aluminum foils and heated
for 2 hin a muffle furnace under 200, 400 and 600 °C. The pH, EC and concentrations of P, K, Fe, Mn, Zn and
Cu of RPN and produced biochars were determined. A completely randomized experimental design with
factorial arrangement including nine biochar treatments (control (no amendment), RPN and biochars produced
under 200, 400 and 600 °C at 2% and 4% rates), and two moisture regims (20% w/w and waterlogging) was
carried out with two replications. The samples were spiked with 25 and 50 mg Cd kg and incubated for 90 days
under |aboratory temperature. Available Cd extracted by DTPA-TEA on 15, 30, 60 and 90 days after incubation.
Cadmium concentration determined by Atomic Absorption Spectrometry (Mark and Model: HITACHI- ZCAST
2300). Analysis of variance and compare of means used to evaluate the effects of various treatments on DTPA-
Cd.

Results and Discussion: The nutrient concentrations of biochar were increased with increasing the
production temperature. The RPN and biochar of 200 °C had the least nutrient concentrations while the biochar
of 600 °C showed the highest nutrient concentrations. The increases of pH and EC occurred with increasing the
biochar production temperature. The pH ranged from 6.36 to 9.36 and EC range was 13.5-31.9 dS m™. The
analysis of variance showed that biochar, moisture regime and their interaction significantly affected DTPA-Cd
on al of the studied times (P< 0.01) in both Cd levels. The cadmium availability was reduced by incubation
times in all of the treatments and 600°C biochar caused the highest decrease of DTPA-Cd. In 25 mg Cd kg™
level, the application of 600°C hiochar caused significant decrease of DTPA-Cd by 54.2, 73, 53.5 and 60.5 % in
comparison with control on 15, 30, 60 and 90 d, respectively. In 50 mg Cd kg™ level, 600°C biochar in 4% wiw
and 20% w/w moisture contents reduced DTPA Cd by 38.6, 43.4, 39.8 and 45.7 mg kg on 15, 30, 60 and 90 d,
respectively. The DTPA-Cd was reduced by increasing the biochar application rate to 4% wi/w, but only for
biochar of 600°C, this reduction had a significant difference with 2% application rate. Four percent biochar
application rate on waterlogging condition reduced DTPA-Cd by 60.1%, 34.1 % and 53.6 % compared with 2%
application rate on 30, 60 and 90 d, respectively. These changes on 50 mg Cd kg in 20 % moisture level were
36.8, 43.8, 37.7 and 35.2 % on 15, 30, 60 and 90d, respectively. In 20% moisture level, the application of 600 °C
biochar reduced DTPA-Cd compared with waterlogging while raw pistachio nuts and 200 and 400 °C biochars
showed areverse trend and increased DTPA-Cd in 20% moisture level compared with waterlogging.

Conclusion: Generally, regarding the decrease of DTPA-Cd by biochars, especially biochar of 600 °C, it can
be concluded that biochar of pistachio nut shell particularly under 600 °C might be considered as an inexpensive
and green environmental sorbent for Cd, however its potential to reduce Cd uptake by plants and Cd movement
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in environment requires further studies. Furthermore, the knowledge of the mechanisms that are responsible for
Cd retention on biochar and desorption kinetic of sorbed Cd need further investigation.
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