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ABSTRACT

Background and Objectives: Nitrogen deficiency is a major limiting factor for p . Although the use of urea fertilizer can
compensate for this deficiency, its excessive application often results in nitrate leac ntamination of surface and groundwater
resources. Accordingly, this study aimed to evaluate the effectiveness of metal-m ed biochars in reducing nitrate leaching from
urea fertilizer in soils with different textures, providing a sustainable approach for environmental protection and improved soil
management.
Materials and Methods: Biochar was produced from 1@ sttaw through pyr
and copper. In addition, carbon—metal composites were s esized by
pyrolysis. The performance of these amendments in reducing mtrat 1
loam, and clay—under continuous irrigation with urea appli
spectrophotometrically.

Findings: Results indicated that soil texture had no significant € on nitrate leaching, whereas metal modification of biochar exerted
a pronounced impact. Among the treatiaents, copper-coated biochas showed the highest efficiency, reducing nitrate concentration to
21.79 mg L' compared to 187 mg L' in the control. Spectroscopic ahalyses confirmed the structural modifications induced by metal
coatings.

sis at 350 °C and subsequently coated with iron, zinc,
combining rice straw with these metals followed by
ng w sted in three soil types—sandy clay loam, clay
itr?con‘ntrations in the leachates were determined
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Fig 1. Infrared spectrum of biochar samples and metal surface-coated biochar.
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Table 2. The results of the analysis of variance (ANOVA) of nitrate concentration in leachate after continuous leaching.
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Fig 2. The impact of biochar-based amendments on nitrate concentration in the leachates from continuous leaching
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Fig 4. Nitrate breakthrough curves for the three soils with different textures


http://jspi.iut.ac.ir/article-1-1709-en.html

[ Downloaded from jspi.iut.ac.ir on 2025-10-01 ]

2 D S el o s 3 0L s Shes o e
el wlis wnd ol S wgn il Lld
CuO L sls & x5 O 3 &5 =l (Shahzad etal., 2023)
Sl s s Sl el BP0 s e 6
oS Sl

s 030l s T S 5 S

Sl el cpl ol s ol 05

A Ll Ol b Al b s i g Sl g o st )
ol Al CfCo o [2alS 55 ke 3 Shae Lajlas ol
AT 4 ool Ll (Sharma et al., 2021) asdlas L g 55 50
(o e L GBI G b Sl el ST D3 st s S
i o 5 Ly Slind 5 Sl x5 e olao sl Gl
&S Liwa seen (Long et al, 2018) b b basl
S s St (mhae iy RIS 1S
b ol o b (Sobuls Sl asdls (ol Lo
Zhang ) cpioeen IS o Joged |y ol AT 5 5 03ls ZalS
o wle Sl s adsl sla S35 45 s S 0L (etal,, 2020

Sxiaimd Sl 5 Sdae 4 LS5 LS 5 b
gl alg s cl i Cliaew wels plie ole
sdd =l slasbr g Sl eslinal gl (ste Sl axdlas
J.Slf‘dajvu.sdaAjlj\él})&féuwsjﬁw:wﬁ
S e o Ll Slagg sl anw s sl pleal) Olpe o

0L (Cui et al, 2021) Ji= opl b ool i slaoy s
gl 5 oS Slyee Ll sl 4l Sl e &S Al
il Olas Ol b des  Ses Sl Sae (e
53 edi IS LU JSdse slge LI B sl Olil oS (il
adlae ol glaasl U ams ) ol Sl g 3 Shes s

S A edalis 50 sl il.h» 03 1y el Glsen
G Lo S 2 8bee G olse L el S ol slaslr

iy Ok b s
« Fe Mg La b
o s Sl Gl
G305 ool S5 Ui Sl
., 2021) @L"J LS clsls olis ol
5 el e Ol GRUE s o s 0ol 20l Glsen
e ol bl S L S slay
5 BeeSl ol S N e Tl
Laa)lg{‘ébj% sl s (Jle Olge 4 das 13
Slobrse 4 a2 Sk Ca Lboslig 180
Csb e S s S e s ol Mg L s S
Aas e 0L (6 e 3 Shes Mg L o)1 385L sl 5

ool s dllad e )b el e liasOLES 4

el S ol Ll s
(FTIR) 303 053le ik Gla0sa3l 5l Jol> ol
O BN OV 13 PR PP A SV Y e ST S PR T
Sosh 3 sl Sl 55 e 5 BB Ol s (s 5
35 C=0 5 O-H slail cus [2als .ol 03 3 sbal O
(S8 gd>ee ))FC—O)CU—O L;A..,m 6Lh.bk.> )}@EJFTIR
s ale slaey S S pa s Slem A 51 Sl
Rahman et al., ) @ b baasl ol iy S L
L3S IS S sls Slgea (20245 Choi et al., 2019
L R g R e Nt

Byh e ode slacsle

o L)‘Ju:milﬁ )k}:):.’ LCJ\JIL:J bl BE g;.’.‘)tsj’la")‘


http://jspi.iut.ac.ir/article-1-1709-en.html

[ Downloaded from jspi.iut.ac.ir on 2025-10-01 ]

S e s ClLdg Jals 5 S Il cy e
sl cpoman 350 ke Lt glas S sy B as
Slesss 53 5 slasye Glawlie 53 JeSS sla s
o S 3ol ol Sl ey 53 4 Bl ey il

3,8 5 eslizad 5y e Laea VT

SIS S s

du)lz-j:; )‘ osleial 4 sl Olis u’:'A)}:'. u—i‘ LSqul

S S8 S5l gl s WO Sl s g L L sy e shse I3 L el

22 el 358 a5l TR osi e by
S S il S I s ey NeslS il eSS

G Rl S5

(P gE QL..M}A 3 d,o\;— L;L“ Cole R 5 u"“" rl;u\ BE)

Lol ol s ol z Ol » olsbas

sl ol cdale 2al s - sl il ol
el O Sl b cpl S

Pl slas b Coluolyl 5 b sla Shs i
e b pmilie 35 &5 Komn L1 Oled) lie Ot 5 2l 2l e (S35 S e gl VL
L 62,505, Olse & Ll e o5l ) (IS )5

o) o LES C,..Bli)b u&m‘ﬁ;) W

L

u

'y

References

1. Algha, O., Manzar, M.A., Qureshi, A., 2020. Co
wastewater using biochar Mg Al RDH nanocomposites: ¢
10(2):336.
2. Bae, B., Juang, Y., Han, W., 2%2.
36:3330.

3. Bian, Z., Wang,
vegetables grown in co
4. Blake, G.R., Haftage,
Madison, WI: Am. Soc. Agro
5. Bouyoucos, G.e962.
465. |

6. Cantrell,{,Hunt, P.,

A oslaiw! 390 cl&.ﬂ

tive ad&tive removal of phosphate and nitrate from
isting anions effect and mechanistic studies. Nano Mater;

., 1986. Bulk
. 363-375.
eter mi

, Sutherland, P.L., 1986. Porosity. In: Klute A, editor. Methods of Soil Analysis, Part 1, 2nd Edition.
. Soc. Agron; p. 443-460.

Fahad, S., Jahangir, M., 2021. Biochar and urea inhibitor mitigate NH3 and N>O emissions and improve
urea fertilized alkaline soil. Nature; 11:17413.

10. Diatta, A. fFike, A., Battaglia, H., 2020. Effect of biochar on soil fertility and crop productivity in arid regions: a
review. Arabi.J. Geosci; 13:595.

11.Du, C., Cui, C.W., Qiu, S., Shi, S.N., Li, A., Ma. F., 2017. Nitrogen removal and microbial community shift in an
aerobic denitrification reactor bioaugmented with a Pseudomonas strain for coal-based ethylene glycol industry
wastewater treatment. Environ. Sci. Pollut. Res.; 24:11435-11445.

12. Fan, C., Duan, P., Zhang, X., Shen, H., Chen, M., Xiong, Z., 2020. Mechanisms underlying the mitigation of both
N>O and NO emissions with field-aged biochar in an Anthrosol. Geoderma; 364:114-117.

13. Fidel, R., Larid, D., Spokas, K., 2018. Sorption of ammonium and nitrate to biochar is electrostatic and pH dependent.
Sci. Rep.; 8:176217.

14.Guo, X., Peng, Y., Li, N., 2022. Effect of biochar-derived DOM on the interaction between Cu (II) and biochar
prepared at different pyrolysis temperature. J. Hazard. Mater.; 428:126739.


http://jspi.iut.ac.ir/article-1-1709-en.html

[ Downloaded from jspi.iut.ac.ir on 2025-10-01 ]

15. Gurav, K.V., Geng, M.G., Shina, S.W., 2014. Gas sensing properties of hydrothermally grown ZnO nano rods with
different aspect ratio. Sens. Actuators; 190:439—-445.

16. Haghighi Mood, S., Pelacz-Samaniego, M.R., Garcia-Perez, M., 2022. Perspectives of engineered biochar for
environmental applications: A review. Energy Fuells; 36: 7940-7986.

17.Hasan, M., Chakma, S., Liang, X., Sutradhar, S.h., Kozinski, J., Kang, K., 2024. Engineered Biochar for Metal
Recycling and Repurposed Applications. Energies, 17, 4674.

18.Hu, H., Goto, N., Fujie, K., 2001. Effects of pH on the reduction of nitrate in water by metallic iron. Water Res;
35(11):2789-2793.

19.Hu, X., Xue, Y., Long, L., Zhang, K., 2018. Characteristics and batch experiments of acid- and alkali-modified
corncob biomass for nitrate removal from aqueous solution. Environ. Sci. Pollut. Res; 25:1

20.Kang, J., Duan, X., Wang, C., Sun, H., Tan, X., Tade, M.O., Wang, S., 2018. Nitrogen-doped bamboo-like carbon
nanotubes with Ni encapsulation for persulfate activation to remove emerging contaminants with excellent catalytic
stability. Chem. Eng. J.; 332:398—408.
21.Katukurunda, KG., Gamage, M.K.W., Buddhika, H.A.A.Y ., Prabhashini, S.D., Senaratna, D.,20
(Curcuma longa) affected on microbial dynamics, ammonia emission rate and some chemica
In: Proceedings of the Second International Symposium of Minor Fruits and M@dicinal Plan
& MP). University of Ruhuna, Sri Lanka. p. 134-138.

22.Lehmann, J., 2007. A handful of carbon. Nature; 447:143—144.
23.Lei, Y., Zhang, Y., Yuan, L., 2022. Biochar supported Cu nano clust
for ractopamine sensing. Food Chem;

24.Liu, G., Zhou, Y., Liu, Z., Zhang, J., Tang, B., Yang, S., Sun, C., . icient nitrate removal using micro-
electrolysis with zero valent iron/activated carbon nanocomposite. J. Chem. Technol. Biotechnol.; 91:2942-2949.
25.Liu, Z., Yang, E., Lan, Y., 2021. Effect of biochar on urea hydgolysis rate and soil ureC gene copy numbers. J. Soil
Sci. PlantNutr

26.Long, L., Xu, Y., Hu, X., Zhu, Y., 2018. Study or& influen
of metal-modified blochar Envzron Scz Pollut. Res.; 26:30653
27.McGeough, K., Watson, L.C., Miiller, C., Laughlin, J.R
nitrification inhibitor dicyandiamide (DCD) is affected
94:222-232.
28. Mclean, E.O., 1988. Soil pH an
WI: Am. Soc. Agron. p. 199-224.
29. Molins, C., Meseguer, S., Mother, Y%2006. A
determination in wat analy51s Ti rAC
30.Nazmol, H., Mia, Hassan, M., 2022\Chemical and blologlcal activation of biochar favors N immobilization in
biochar and its releasg to plant. Pedosphere
31.Norman, R.J., Stuck, 1981. Thegldetermination of nitrate and nitrite in soil extracts by ultraviolet
spectrophotometry
32.Novakyl.M., Ippolito, J.
facilitate switghgrass gro
33%\Omiri, J., Snoussi,Y.

Turmeric powder

etter Lives (2nd ISMF

as an elgetrochemical ultrasensitive interface

rface potential on the nitrate adsorption capacity

D‘ 2016. Evidence that the efficacy of the
propertl in UK soﬂs Soil Biology & Soil Biol. Biochem.

ime requirement. In: Page AL, editor. Methods of Soil Analysis, Part 2. Madison,

selecting the most appropriate method for ammonium

&

Watts, D.W., Sigua, G.C., Ducey, T.F., Johnson, M.G., 2019. Biochar compost blends
mine soils by reducing Cd and Zn bioavailability. Biochar; 1:97-114.
akta, A.K., Truong, S., Ammar, S., Khalil, A.M., Jouini, M., Chehimi, M.M., 2022. Citric-

Aci of Biochar Loaded with Copper/Nickel Bimetallic Nanoparticles for Dye Degradation.
Colloid
34. Page er, R., Keeney, D., 1982. Methods of soil analysis. Part 2. Chemical and microbiological properties

2nd ed. ison, WI: Am. Soc. Agron

35.Page, M., Sparks, D.L., Woll, M.R., Hendricks, G.J., 1987. Kinetics and mechanisms of potassium release from
sandy middle Wtlantic coastal plain soil. Soil Sci. Soc. Am. J.; 51:1460—1465.

36. Pansu, M. JGautheyrou, J., 2006. Handbook of soil analysis. Springer; p. 778.

37.Quardi, M Qourzal, E., Alahian, S., 2015. Effective removal of nitrate ions from aqueous solution using new clay as
potential low-cost adsorbent. J. Encapsulation Adsorpt; 5:178—190.

38.Sadeghi, M., Marandi, G.B., Zohuriaan, M.J., 2020. Nitrate removal from aqueous solutions by adsorption onto
hydrogel-rice husk biochar composite. Water Environ. Res.; 92(6):934-947.

39.Shahzad, M., Akhtar, T., Mehmood, M., Shah, G.M., 2023. Nanobiochar-supported CuO improves soil nitrogen
retention and wheat productivity in degraded soils. Plants; 12:332.

40.Sharma, R.K., Solanki, K., Dixit, R., Sharma, S., Dutta, S., 2021. Nanoengineered iron oxide-based sorbents for
separation of various water pollutants: current status, opportunities and future outlook. Envron. Sci: Water Res. Technol.
7:818

41. Schipper, L., Vojodic, A., 2001. Five years of nitrate removal, denitrification and carbon dynamics in a denitrification


http://jspi.iut.ac.ir/article-1-1709-en.html

[ Downloaded from jspi.iut.ac.ir on 2025-10-01 ]

wall. Water Res; 35(14):3473-3477.
42. Shung, GF, Kong, Y., 2021. Effect of mineral loaded biochar on the leaching performance of phosphate and nitrate in
two contrasting soils from coastal estuary area. Sci. Total Environ.; 779:146346.

43.Simha, P., Yadav, A., Pinjari, D., 2016. On the behavior, mechanistic modeling and interaction of biochar and crop
fertilizer in aqueous solution. Resour. Eff. Technol; 2:133-142.

44.Solomon, R.1., 2022. Biochar amendment for reducing nitrate leaching from soils of different textural classes in the
Nigerian savanna. Turk. J. Agric; 10:1363—1368.

45. Sumner, M., Miller, W., 1996. Cation exchange capacity and exchange coefficient. In: Sparks DL, editor. Methods of
Soil Analysis, Part 3, Chemical Methods. Madison, WI: Am. Soc. Agron; p. 1201-1229.

46. Taghizadeh-Toosi, A., Clough, T., Condron, L.,2011. Biochar incorporation into pasture@il suppresses in situ nitrous
oxide emissions from ruminant urine patches. J. Environ. Qual.; 40:468-479.
47.Villegas-Guzman, P., Hofer, F., Silva-Agredo, J., Torres-Palma, R.A., 2017. Role of sulfat
anions on the degradation of fluoroquinolone antibiotics by photoelectro-Fenton. Environ. Sci. Po
28189.

48.Viglasova, E., Zboril, R., Klementova, M., Tucek, J., Prucek, R., 2020. Engineered ma
removal from water: influence of iron oxide nanostructures. Desalin. Water TReat; 182:26

modification of the chromic acid titration method. Soil Science; 37:29-37.
50.Wan, S., Wang, S., Li, Y., Gao, B., 2017. Functionalizing biochar wit
for removal of phosphate from aqueous solutions. J. Ind. Eng. Chem.; 47:
51. Wang, B., 2016. Removal of nitrate from constructed wetland in winter 1
biochar. Korean J. Chem. Eng; 34:717-722.

52.Wang, S., Li, X., Liu, Y., 2017. Nitrogen-containing amino pounds functionalized graphene oxide: synthesis,
characterization and application for removal pollutamts from wastewatgr. Journal of Hazardous Materials; 342:177.
53.Xue, L., Gao, B., Wan, Y., Fang. J., Wang, S.,& Y., Mui rpena, R., Yang, L., 2016. High efficiency and
selectivity of MgFe-LDH modified wheat-straw biochar in theregipval oférate from aqueous solutions. J. Taiwan Inst.
Chem. Eng; 63:312-317.

54.Yang, X., Li, J., Wen, T., 2013. Adsorption of napht
the mechanism investigation. Collgids Surf.; 422:118-1257
55.Yao, Y., Gao, B., Zhang, M., Infyang, M., Zimmerman,
leaching of nitrate, ammonium, and phosphate in a sandy soil.
56. Yavari, S., Malakahmad, A., S&ari,
variable. Environ. Sci, Pollut. Res; 22:
57.You, H., Lin, H., ™, Y., 2022. Iron
adsorption in rare eagth w
58.Yughi, L., Liu, S., Xiao,

titude area with modified hydrophyte

A\
and itsﬁivatives on magnetic graphene composites and

R., 2012. Effect of biochar amendment on sorption and
hemosphere;89(11):1467—-1471.
iciency in pesticide sorption as a function of production

335.

59. ZamangM. S&r, S., Blennerhassett, J.D., Singh, J., 2009. Effect of urease and nitrification inhibitors on N
transformatiégaseous i8§10ns of ammonia and nitrous oxide, pasture yield and N uptake in grazed pasture system.
iol. Biochem; 41.:1270—-1280.

g, M., Son

of maize production. Agric. Ecosyst. Environ.;241:70-78.

62.Zhao, B.)\Zhanxue, S., Yajie, L., 2022. An overview of in-situ remediation for nitrate in groundwater. Sci. Total
Environ; 804:349981.

63. Zuolin, L./ Brandon, D., Carolin, A., Gonnermann, H.M., 2017. Biochar particle size, shape and porosity act together
to influenc 1 water properties. PLoS One.


http://jspi.iut.ac.ir/article-1-1709-en.html
http://www.tcpdf.org

