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Table 1- Comparison of the average percentage of nitrate, urea, and ammonium absorption by the organic and
inorganic adsorbents studied in raw form

** Indicates a significant difference at the 1% probability level, and in each column, means with the same letter or letters do not differ

Adsorbent Nitrate Urea Ammonium
Rice straw 19.03 e 27.79a 43.11°¢
Straw Biochar 300 2740 a 13.63b 43.06 ¢
Straw Biochar 600 26.00 ¢ 11.93d 31.75°F
Rice husk 20.70d 9.25¢f 33.62¢
Rice husk biochar 300 18.20 f 13.30c 29.30¢
Rice husk biochar 600 26.89b 7.24h 56.51°
Leonardite 5961 9.66¢ 6.08
Bentonite 6.8%h 5.28i 33.44°¢
Pomice 6.95h 8.64g 21.20
Zeolite 9.60 g 13.00bc 71.59*

Summary of the analysis of variance

kk *k kk
results

significantly at the 5% probability level using Duncan's range test (the numbers 300 and 600 indicate the temperature of biochar production in
degrees Celsius).
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Figure 1: Effect of modifying the studied adsorbents with acid

and iron at pH 2 and 6 on the adsorption of nitrate, urea, and ammonium: (a) Rice straw (b) Rice straw biochar 300
(C) Rice straw biochar 600 (d) Rice husk (e) Rice husk biochar 300 (f) Rice husk biochar 600 (The numbers 300 and
600 in the figures indicate the production temperature of the biochars in degrees Celsius).
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Figure 2: Effect of modifying the studied adsorbents with acid and iron at pH 2 and 6 on the adsorption of nitrate,
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Table 2 - Comparison of the average effects of organic amendments on the percentage of ammonium, urea and
nitrate adsorption
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Adsorbent Nitrate Urea Ammonium

Rice Straw 19.03 g-k 27.79* 43,11«
Asidic Rice straw 64.19b 11.97¢¢ 4532°¢
Fe- Rice straw(2) 43.66 ¢ 7.43¢% 18.13 7k
Fe- Rice straw(6) 25.87 e-h 9.66°" 19.56 Mk
Straw Biochar 300 27.40 d-h 13.63% 43.06
Asidic Straw Biochar 300 32.60 c-g 9.82¢h 30.76 =
Fe-Straw Biochar 300(2) 22355 20.74° 9.631
Fe-Straw Biochar 300(6) 23.83 f-i 27.71* 77.917*
Straw Biochar 600 26.00 e-h 11.93¢f 31.75¢¢
Asidic Straw Biochar 600 71.43ab 7.05¢" 12.28 7
Fe-Straw Biochar 600(2) 79.08a 20.03% 74.76 *
Fe-Straw Biochar 600(6) 26.54 e-h 30.35° 25.12
Rice husk 20.70f-k 9.25% 33.62 ¢F
Asidic Rice husk 44.02 ¢ 10.58%h 17.99 ik
Fe-Rice husk(2) 3441 7.28% 23.20 &
Fe-Rice husk(6) 23.56 f-i 10.14% 25.68
Rice husk biochar 300 18.20 g-1 13.30%f 29.30 ™
Asidic Rice husk biochar 300 41.17 c-e 5.44¢1 21.49 &
Fe-Rice husk biochar 300(2) 9.66 i-1 6.20% 40.92 ¢
Fe-Rice husk biochar 300(6) 7.59 j-1 4,708 56.46°
Rice husk biochar 600 26.89 d-h 7.24% 56.51°
Asidic Rice husk biochar 600 62.63 b 1.78 50.51 %
Fe-Rice husk biochar 600(2) 41.90 cd 5.78f 12.49
Fe-Rice husk biochar 600(6) 19.75 gk 5.0581 30.27 fh
Leonardite 5.96 kl 9.66¢" 6.08'!
Asidic leonardit 16.19 h-1 6.94% 47.37"%
Fe-leonardite(2) 26.02 e-h 3.35h 32.75 ¢
Fe-leonardite(6) 36.59 c-f 26.99% 83.19°

Summary of the analysis of
variance results

ok ok ok

** Indicates a significant difference at the 1% probability level and in each column, means with the same letter or letters do not have a significant
difference at the 5% probability level using Duncan's test (numbers 2 and 6 indicate iron amendment at pHs 2 and 6 and numbers 300 and 600
indicate the temperature of biochar production in degrees Celsius)

ol Jslome 5l Ol s Gl g 1y o1 8 ol am 3 VOr s TNee (800 glales 53 odd W5 gla b LMarzi et al. (2016)
Sl plas &T Jslowe 5 ol 2o Lg)LNC)b'- 03 S bl :\dez}lm apn Ve Gles o g 8 Sl ol 5 s gl ealand]
Khajavi Shojaei et LS @t,; Jshoes 3115 Ol s o )3 AT L Wlg ol sl agy Lyl 5 55 a8 ails Pw Oeliea oyl
Sladskms 3115 o oS Sl sl 4 L3S @Ml 5 Lz gad s | Sl sl o gl 5 Sz Dl o8l (2019)
sl b e cnlesl ss Wang etal. (2015) ulas Clor pgssel 05 5 p S oo £Y/0 5 Sl zi 0 8 5 p S e VY0
s onl 53 edel s 4 i L oS sl O 1 padsel 5 Sl Sl UL Sl sl 45 L3S Oly sls pll byl
38 ol a3 00 55 3 olS 5 L I ol Ll b 5 Sl as Gl S i 55 35 Xiaetal. (2022) .51y Cuillas
Aoles Jos Sl gl O KOl s dles Gl (g5u5lS Sl S Ol sl 5l bl s el eslinl
S 5 s S 58 0300 zonslsd s el sloes S sy W 5 e Suaslsd Aoy pasel VG ol

(Huang et al, 1S oo Joges 1 psisal Bl 5 dias o 0L 5550 51 2V S I35 sla S5 o5 il ool b el
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(Zhou et al., 2017). 1S oSS 15 O L o3l (2815 0,5l b A5l oo 45 5y o ol Jled gLk S s> 40 Ol 5 oo
S J s phe Sl 53 580 Jile slaes S5 sl sl e ol Bais Sl i (SOs5 s sl PH e
5 Ll o g g5 5m ol OF »osdle (Chenetal,, 2011).das (2alS |y LSl ol (Ko 3L b (sl Loy (sLapH
Ot i GBS 8 5 S5sdes Sladign 1A Ul SRl s b mlae ol sl b slaco L sl
Ll o Yo los L3 sditd 5 5l sl Sl bl (s (ggm 51 A3l S—oal Sl ShaS 5 655l slad S e
P 33 e SRR 55 elie ladBl 538 o sl ol b B Rl 5 e S ee ) R (oIl s
(Li etal., 2020). el s 318 Jshome T OS5 Clr (2l s al Sl 2

todre bl op 2 —Y-Y-Y

o ol S5 sl 3 sm o3 Lol S Gl Ol 51 @ Sl g it sl Y (el sl ¢ Sidae slaediS Dol Do 3
S s Jo s ol K35 Jae DI Sdee glastiS SSol plo 4 o sl Sl 5 Y 5 slapH 55 sl L
Jsdor) dos QLB 1 i o 5 03,8 o 0151 1) ol dlome 3 55 50 5 al 4003 Y 35 il 5 (gl 55
I\

I AU LIS e 8 35S ol 1 s Ol ot PHE2 s ol b sl Dol ely A sdalie oS Olizes
ool 53 45 Olseen .( Darezereshki et al., 2023) Al ol Gladp Hpi> 53 So b5 cd b 5 mbae Jd glaoy S
e ol sl rx;jj 3 VU pslis Ll g e o555 &S s S oledl ;5 Mirzadeh-Ahari et al., (2021) A3 odalis axlas
b S5 ol 55 oS dingal eslinal pgl el O g Sl S 5 0S50 8 Oolae 1 S sS 53 ) s cpl Ll
e eyl Hosseini and Bakhshandeh-Moghadam, (2024) .sls oL |, (’J:*'}‘T Cd Cub b i 0S5,
oMol S5 ol 355m 03 ki3S B ome ISl i e gl IS 5 S 051 S S el DL
Loasl ool oS s S oo SellS Juas Sacilr ple & ol Sl Sipy Cpizees 5 Y 51 sl pHs Al L
Rl o s S (Sl b g5 slaln b a5 (aedan Lol dilesls OLES &S 3 ls Slpen oty sla 3018
Gl 5 el 555 SR g 5l (Latifah et al, 2017).5 53 o0 13055 %5 LS 5 ol 35mp 5 Jbd glacule sliw
ool bl yen Slallae LVL IS ol das OLES |y et o i 5 S Gl [ Jsboe 53 35 50 p s gol o3 AY 350
Lol G b b 5 ol e psel Sl 51 05 sbay Aol b e Slol Sl 55 03 S Jals Llesls LS o
S s NHY (o 55518 Jols canl b cnl s LIl ilSe (Zhao et al., 2024) A (mglg) Yo—Y0 51 i b L5 s
Co g (o] C;un 3o e glacsla slias 5 05 Clg.ﬂ ol Bl LS cnd ey sl s s g {,."WLS/V_LM
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Table 3 - Comparison of the average effects of inorganic amendments on the percentage of ammonium, urea and nitrate adsorption

** Indicates a significant difference at the 1% probability level and in each column, means with the same letter or letters do not
have a significant difference at the 5% probability level using Duncan's test (numbers 2 and 6 indicate iron amendment at pHs 2
and 6 and numbers 300 and 600 indicate the temperature of biochar production in degrees Celsius)

raadlas 3500 Gdae 5 I gaodlr Ole j3 C3lr g i YT

PH=2 ;5 23 bas JATQeMCwU:\JfJSLN A= Ve gy js i o T oS sl (Shash ol ml bl

SV sl )sls Olas w2 350 sdes 5 T glacsls Ole 53 1, oL V0 el i Sodm ds ;3 VA 35 w0 olaes b

Adsorbent Nitrate Urea Ammonium
Bentonite 6.89% 5.28¢ 33.44 ¢
Asidic bentonite 11.18% 27.80° 74.51 %
Fe-Bentonite(2) 0.00¢ 11.04° 7.94 f
Fe-Bentonite(6) 1.554 13.31° 30.06¢
Pomice 6.95 bed 8.64% 21.20 ¢
Asidic Pomice 436 11.27° 12.94 <
Fe-Pomice (2) 19.01° 3.27¢ 23.81 %
Fe-Pomice (6) 1.55¢ 9.50% 24.27 %
Zeolite 9.60 ® 13.00° 71.59°¢
Asidic zeolite 13.46 8.23% 92.10°
Fe-Zeolite(2) 8.77 b 27.25% 86.24 ®
Fe-Zeolite(6) 13.32® 28.79* 83.99

Summary of the analysis of . -~ .

variance results

YU labes s 55,0 aSsysba ol Cos oAl s o Cw‘jkjjﬁ: <YL les Oljan Sl Ol oo 1y 550 onl (Y
w:ﬁjbwdﬁitcﬁu‘ﬂtsgb-‘;bdrﬁ&)‘&:ﬁbaﬁjcb.ﬂu;.il‘)ﬁ\j.,\ﬁtm&;rw‘);cw;)L}LﬂéﬂJﬁlﬁ&‘jﬁlw
(Zhao et al., 2023; Ahmad et al., 55 5 o <l x5 Al plao il Gl 6l il b glacole sl Cx 50
2014).

Loy VA g:ljf&:j\m P ST B LT PO E T WA W PP W F v TSN W-ST o SRR EE RGN IR RUER T Ql,a.,\}bﬁi.@.i{-‘_;ﬁl_}é\
el Ol s e S50 Sleo gt i 3 Al eS8 Sl PHE2, Al Lsts Sl b sl s
A S5S) ele (slaos S pal Glasy (iS4 o il e 8l SLS 5 L b sl 5ol S Wlesls 0L Slalllae
soedle T s ol sl LS8 Ol e 2 O3S oal SILL (gla SUaS 4o 3 5 0l oS ssden 5 oS S
Ssvt 5 Sl s S Sl LS o Sy 5B g 5YL Wi 4 (PHPZO) o Sl 4l a5 e e 5L 1530
(Zhao et al., 2023; Fang et al., 2015)3 35 o cghenl Lol 15 53 05 a0 ol 15 Ll &Laoxﬂ ol

Sl Ol s 5 axdls |y oS op zio pH=6 ;5 -8l L s Oal Vv o ol sl S 55 DL s oyl Bl 5550 3
J& CA.:.ALA “ Q‘j.?w b CJ_}L&J g)'i\ (VJ}J}) Sl wli Jg‘f)‘ Aoy \ Sl 4 oslw )l};ﬁb BERE YR \'Y S gl J\ a))\
hele slaes S L S em 5 Ble s S o (S5 Mg i e S ea a0 Ol (Kol 5 oosl G
asly il sl Jstls Jole 4y oyl slad s g0 e o med 5 )l b bl (golul it 4 s pH s sl G o
(Zhang et al., 2020; Chen et al., 2011).45 Ll |, w3l ck.d sosl om b B Ll O.AT BE-ry
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S Il e by S e I Sl s 4 513 sba e 5wl atils 5558 Op cpl G 3 1y s Shes
(3 o3l EalS el G b il e S 55 Skl DMl g e s sl Sl (550 slaslr VU
(Muscarella das ()53l e 58 LG Hbas ) cder o b S oo sbacasla Silwslsl STE QP - NGIC APt
Loy AY woesle Cd 655 5 sy VA Uc;jﬂ Ol Ol ragh ool 53 oS gl Swetal. (2021; Wang & Peng, 2010)
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Abstract:

One of the most important pollutants of surface and underground water resources are nitrogen compounds. These
compounds enter the environment, particularly surface water resources, through various means, including agriculture
and the use of chemical fertilizers, aquaculture, food industries, and refineries, and cause numerous problems directly
or indirectly. Therefore, it is necessary to find a solution to remove or reduce these compounds. The use of inorganic
and organic adsorbents can be an easy, effective, and low-cost method. To investigate the efficiency of organic and
inorganic adsorbents in removing nitrogenous compounds, some available organic adsorbents (including 7 treatments:
rice straw and husk, biochar-rice straw and husk prepared at two temperatures of 300 and 600 °C, and Leonardite) and
inorganic adsorbents (including 3 treatments: bentonite, pumice, and zeolite) were used to remove nitrogenous
compounds (nitrate, urea and ammonium). To increase efficiency and comparison, the adsorbents were used in simple
form, modified with acid, and with iron at two different acidity levels (pH=2 and pH=6). The results showed that
biochar prepared from rice straw at a temperature of 600 °C and modified with iron at pH=2, with an absorption of
about 79% of nitrate from water, was the best adsorbent for removing nitrate from water among all organic and
inorganic adsorbents studied in this study. Rice straw biochar prepared at 600°C and modified with iron at pH=6
removed the highest amount of urea, and acid-modified zeolite showed the best performance with 92% ammonium
absorption. Overall, this study indicates the effective and efficient removal of nitrogen compounds by these
adsorbents, and modification with acid and iron improved the removal capability of these adsorbents. As a result, they
can be used as a cheap and accessible method for removing pollutants from water sources.
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