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

Adsorbent Nitrate Urea Ammonium
Rice straw 19.03 ¢ 27.79a 43.11°¢
Straw Biochar 300 2740 a 13.63b 43.06 ¢
Straw Biochar 600 26.00 ¢ 11.93d 31.75¢
Rice husk 20.70d 9.25f 33.62 ¢
Rice husk biochar 300 18.20 f 13.30c 29.30¢
Rice husk biochar 600 26.89b 7.24h 56.51°
Leonardite 5.96 i 9.66¢ 6.08
Bentonite 6.89h 5.281 33.44¢
Pomice 6.95h 8.64g 21.20"
Zeolite 9.60 g 13.00bc 71.59*
Summary of the analysis of variance results ** ** **

** Indicates a significant difference at the 1% probability level, and in each column, means with the same letter or letters do not differ 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,
urea, and ammonium: (a) Leonardite (b) Bentonite (c) Zeolite (d) Pumice (The numbers 300 and 600 in the figures
indicate the production temperature of the biochars in degrees Celsius).
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Table 2. Comparison of the average effects of organic amendments on the percentage of ammonium, urea and nitrate

adsorption
Adsorbent Nitrate Urea A ium

Rice Straw 19.03 g-k 27.79 43,11
Asidic Rice straw 64.19b 11.97¢¢ 45.32¢
Fe- Rice straw(2) 43.66 ¢ 7.43¢% 18.13
Fe- Rice straw(6) 25.87 e-h 9.66¢h 19.56 M
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) 22.35 f-] 20.74° 9.63 1
Fe-Straw Biochar 300(6) 23.83 f-i 27.71° 779172
Straw Biochar 600 26.00 e-h 11.93¢T 31.75¢¢
Asidic Straw Biochar 600 71.43ab 7.05¢" 12.28 71
Fe-Straw Biochar 600(2) 79.08a 20.03% 74.76
Fe-Straw Biochar 600(6) 26.54 e-h 30.35° 25.12 0
Rice husk 20.70f-k 9.25¢1 33.629T
Asidic Rice husk 44.02¢ 10.58¢h 17.99 ik
Fe-Rice husk(2) 3.441 7.28%1 23.20 H
Fe-Rice husk(6) 23.56 f-i 10.14¢ 25.68 i
Rice husk biochar 300 18.20 g-1 13.30%7 29.30 ™
Asidic Rice husk biochar 300 41.17 c-e 5.44g? 2149 ¢
Fe-Rice husk biochar 300(2) 9.66 i-1 6.20°" 40.92 ¢
Fe-Rice husk biochar 300(6) 7.59 j-1 4.7081 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 b
Fe-Rice husk biochar 600(2) 41.90 cd 5.78% 12.49 71
Fe-Rice husk biochar 600(6) 19.75 g-k 5.05¢ 30.27
Leonardite 5.96 ki 9.66°T 6.087
Asidic leonardit 16.19 h-1 6.94¢" 47.37"%
Fe-leonardite(2) 26.02 e-h 3.35M 327541
Fe-leonardite(6) 36.59 c-f 26.99* 83.19*
Summary of the analysis of variance results ** ** H*

** 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).
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Table 3. Comparison of the average effects of inorganic amendments on the percentage of ammonium, urea and
nitrate adsorption

Adsorbent Nitrate Urea Al ium

Bentonite 6.89% 5.28¢ 33.444¢
Asidic bentonite 11.18 ® 27.80° 74.51 b
Fe-Bentonite(2) 0.00° 11.04° 7.94f
Fe-Bentonite(6) 1.55° 13.31° 30.06 ¢
Pomice 6.95 @ 8.64% 21.20 %
Asidic Pomice 4.36° 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 ® 8.23b¢ 92.10*
Fe-Zeolite(2) 8.77 27.25% 86.24
Fe-Zeolite(6) 1332 28.79* 83.99
Summary of the analysis of . . .

variance results
** 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).
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