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Abstract: Acid rain has been considered a major polluting agent harmful to both terrestrial and aquatic 

ecosystems. A study was carried out to examine the variations of different elements in Abbottabad soil, 

Pakistan.  The acidification process increases the extraction of different elements from the soil. The 

extracted concentration of Mg increased in the CL soil after the addition of 1N HNO3 (1:5) by 46.7%, 

with 1N H2SO4 by 56.3%, and the mixture of both acids 68.1% than untreated CL soil. The average Na 

concentrations (mg kg-1) of soil suspension (1:5) were achieved among acids as HNO3 (17.2) > HNO3 

plus H2SO4 (15.4) > H2SO4 (14.8) > no treatment (8.5). The greater strength of acid released more 

amounts of an element from the soil. This study indicated a distinct alteration in the composition of soil 

by acidification practice. 
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1. Introduction 

Acid rain is an environmental issue, which leads to the acidification of waters and soils 

[1]. A large amount of fossil-fuel combustion causes the emission of SOx and NOx to the 

atmosphere, Coal- and oil-fired power plants and transportation sources, such as vehicles and 

ships, are the sources of acid deposition [2].  The main anthropogenic sources of SO2 emissions 

are coal and petroleum, including several industrial processes [3]. Similarly, natural 

phenomena contribute acid-producing gases to the atmosphere via volcanoes. Biological 

processes also produce these gasses on the land, wetlands, and oceans. Acid rain creates 

harmful effects on plants and aquatic animals. The damage that occurs to the ecosystems from 

acidic deposition is dependent on the buffering ability of that ecosystem. This buffering ability 

is dependent on several factors, the two major ones being soil chemistry and the inherent 

ecosystem sensitivity to acidification. The ecosystems may be damage indirectly due to 

alteration. The soil system is a very complex and dynamic feature on planet Earth [2, 3]. 
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Plants need healthy soil for growth. Long-term changes in the chemistry of soils may 

occur due to the phenomena of acid rain. Subsequently, this acid rain peculates in the soil and 

has the ability to strip away vital plant nutrients through chemical reactions and causing a 

potential threat to plant productivity. [4]. reported a rapid decline of soil pH was attributed to 

long-term atmospheric acid deposition (nitrogen and sulfur) [5]. It concluded that acid rain 

reduces the leaf area and the sunflower's overall plant growth [6, 7]. It reported reduced growth 

and yield of several crop species due to simulated acid rain under glasshouse conditions. 

It has been reported that the H+ ion in the acidic water displaces the cations from their 

binding states, reduces the cation exchange capacity, and enhance the concentrations of cations 

in the soil solution. Sulfate and nitrate ions in the acid rain increase the leachability of cations 

from the soil. The cations like K+, Na+, Ca2+, and Mg2+ are leached from soils and become 

unavailable to plants [2, 8]. Heavy metals such as Cu, Pb, and Cd, are attached to the negatively 

charged surface of soil particles and can be displaced by the presence of H+ ions [9]. 

Acid rain may be able to enhance the heavy metal mobilization in soil ecosystems. 

Research studies have been done to understand the effects of acid rain on plants and the 

lithosphere. However, its effects on the water extractability of selected elements in soil were 

discussed in detail. Therefore, this study's objective was to determine the influence of simulated 

acid rain on the solubilization of selected elements in the soil. 

2. Materials and Methods 

 This research was conducted in the Lab of LiScient Department at COMSATS Institute 

of Information Technology Abbottabad, Pakistan, to determine the influence of acid rain on 

soils' chemical composition under laboratory conditions. Two types of soils, sandy loam soil 

and clay loam soil, were sampled from the Abbottabad area. Soil samples were oven-dried at 

105oC and then sieved using a 2 mm sieve. Soil physicochemical parameters like pH, electrical 

conductivity (EC), texture, organic matter, and micro-and macro-elements (K, Ca, Mg, Na, 

Mn, Fe, and Cr) were examined before the soil treatment. These soils were treated with the 

following diluted acid concentrations to ascertain elemental changes from NE-SW direction. 

1. 1N HNO3, 0.1N HNO3, 0.01N HNO3, 

2. 1N H2SO4, 0.1N H2SO4, 0.01N H2SO4, 

3. Combined treatments (1:1) of 1N, 0.1N, and 0.01 N of both H2SO4 and HNO3 

The above synthetic acid rains were selected based on the study of [1].  Five g of each 

soil was treated and shaken on an end-over-end shaker, separately with 25 mL (1: 5) and 50 

mL (1:10) of each diluted acid as detailed above for at least 2 hours. Each treatment was 

triplicated to ensure the validity of the outcome. The treated samples were centrifuged at 3000 

rpm for 15 min. and then filtered with a 0.45 µm membrane filter. Micro- and macro-elements 

in the filtrate were identified with an atomic absorption spectrometer (Model AAnalyst 700, 

Perkin Elmer [16]. Total carbon was figure out by dry combustion using Nelson and 

Sommersmethod [10]. Soil samples were weighed into porcelain crucibles and ashed in the 

muffle furnace at 550 oC for 2 h to determine total carbon. Total carbon was assessed to 

calculate the organic matter by multiplying with 1.72. The pH and electrical conductivity (EC) 

of the soils (1:5) were estimated thru the pH meter (Model: HANNA HI 8520)and EC meter 

(Model: 4320 JENWAY), respectively. The particle size distribution of the soil was measured 

utilizing the pipette method [11]. The details of different chemical properties of soil are enlisted 

in Table 1. Data were analyzed, and results were expressed on an oven-dry basis. Mean 

separation was done using LSD at P < 0.053. 
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3. Results and Discussion 

The study indicated that all acidic water treatments boost major and minor elements' 

solubility than control soil irrespective of the metal species. Elemental concentrations were 

varied as Ca > Mg > Fe > Na >Mn> Cr. The dilution of soil at 1:10 ratio of soil-water extracted 

more cations concentrations than the soil-water suspension of 1:5. Irrespective of an acid's 

strength, the release of elements differed among acid treatments as H2SO4> HNO3> mixture of 

HNO3 and H2SO4. Elemental concentrations were significantly affected by diluted acids. The 

level of cation concentrations in soils was positively linked with the strength of the acid. 

Besides, the magnitude of cations concentrations in the soil solution was largely dependent on 

acid concentration. Furthermore, the difference in the metal concentrations was recognized 

between soil types. Irrespective of the type of element, clay loam (CL) soil gave a higher 

amount of heavy metals than sandy loam (SL). This could be related to greater innate 

accumulation or retention of these elements. The sorption behavior of heavy metals in soil 

varied from soil to soil. It could also influence soil properties, pH, organic matter, cation 

exchange capacity (CEC), and clay contents. In both types of soil, a strongly acidic solution 

effectively released the heavy metal compared to distilled water.  

The influence of simulated acid rain on Ca's extractability in the soil differed: 

H2SO4>HNO3> mixture of H2SO4 and HNO3 (Figure 1). Calcium concentration in the soil 

solution was obtained after acid treatment of 1N HNO3, 1N H2SO4, and their mixtures 45.1, 48, 

and 50 mg kg-1 in sandy loam, after shaking of 1:5 soil-water suspension with the comparison 

of control soil where the Ca was 26.6 mg kg-1. Acid water treatment of 1N HNO3, 1N H2SO4, 

and their mixture differed in 1:5 soil-water suspension of CL soil, i.e., 56.2, 60.4, and 50 mg 

kg-1 with the comparison of untreated soil where Ca was 31.2 mg kg-1. These treatments 

differed for SL soil [1:10 soil-water suspension] as 50.2, 53.0, and 55.3 mg kg-1 than control 

soil where the Ca content was 29.4 mg kg-1. The CL soil gave a higher amount of Ca instead 

of soil. Calcium concentration (mg kg-1) differed in CL as 1N H2SO4(66.7) > 1N HNO3 62.2 > 

mixed acids (55.6) > control (34.4). 

 

 
Figure 1. Solubility of Ca in soils as affected by simulated acid rainwater after shaking at two soil-water ratios 

(1:5 and 1:10).  
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Therefore, Magnesium concentration in the extract elevated for clay loam after shaking 

with water (1:5) by 46.7% with 1NHNO3, 56.3% with 1NH2SO4, 68.1% with the mixture of 

both acids as compared to untreated SL soil. HNO3 acid solution of different strength released 

the Mg (mg kg-1) as 27.6 (1NHNO3) > 24 (0.1NHNO3) > 18.3 (0.01NHNO3) > 12.5 (control) 

in SL soil (Figure 2). Magnesium concentration (mg kg-1) in CL soil was approximately 18.7 

(control) < 27.8 (0.01N HNO3) < 35.7 (0.1N HNO3) < 39.0 (1N HNO3) after shaking with 1:5 

soil water suspension. Magnesium (mg kg-1) was recorded in the H2SO4 treatment with value 

of16.3 (0.01N) < 23.4 (0.1N) < 29.6 (1N) in SL soil.  These treatments provide Mg (mg kg-1) 

in CL soil as 25.1 (0.01N) < 32.5 (0.1N) < 45.7 (1N) after 1:5 shaking for two hours. The 

concentration of Mg (mg kg-1) was differed among mixed acid treatments of HNO3 and H2SO4 

as 18.8 (0.01N) < 25.3 (0.1N) < 35 (1N) for SL and 24.8 (0.01N) < 34.4 (0.1N) < 42.5 (1N) for 

CL soil (1:5). Shaking of diluted soil solution (1:10) increased the concentration of Mg (mg 

kg-1) across all acid treatments. For instance, the concentration of Mg (mg kg-1) was differed 

among HNO3 treatments as 19.4 (0.01N) < 25.8 (0.1N) < 30.1 (1N) for SL and 29.9 (0.01N) < 

38.3 (0.1N) < 41.9 (1N) for CL soil (1:10). The Mg (mg kg-1) varied among H2SO4 treatments 

as 17.5 (0.01N) < 25.2 (0.1N) < 31.8 (1N) for SL and 27.6 (0.01N) < 34.5 (0.1N) < 49.1 (1N) 

for CL soil (1:10). The higher extraction of heavy metals in acid in clay loam soil could be 

attributed to the enrichment of the adsorbed cations. This phenomenon could also be associated 

with chemical changes that attributed as a result of acidic solution. 

 

 
Figure 2. Mg solubility in soils as affected by simulated acid rainwater after shaking at two soil-water ratios 

(1:5 and 1:10). 

The average Na concentration (mg kg-1) of soil suspension (1:5) was achieved among 

acids: as HNO3 (17.2) >HNO3 plus H2SO4 (15.4) >H2SO4(14.8) > no treatment (8.5) regarding 

normality of acid. The concentration of Na (mg kg-1) was enhanced in 1:10 suspension and was 

varied as HNO3 (19.5) >HNO3 plus H2SO4 (17.4) >H2SO4(17.1) > no treatment (9.8). The 

amount of elements in the extractions was directly related with the concentrations of acid 

(Figure 3). Clay loam soil released more Na than SL. HNO3 treated soil showed a concentration 

of Na as 9.2 (0.01N) < 14.3 (0.1N) < 18.0 (1N) for SL and 15.3 (0.01N) < 22.1 (0.1N) < 23.9 
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(1N) for CL soil (1:5). The dilutions of H2SO4 treated SL soil showed Na level as 10.2 (0.01N) 

< 12.5 (0.1N) < 15.0 (1N) and 10.3 (0.01N) < 17.2 (0.1N) < 25.3 (1N) for CL soil (1:5). The 

SL soil which were treated with mixed acids showed Na level (mg kg-1) as follows 11.1 (0.01N) 

< 14.4 (0.1N) < 17.8 (1N) and 9.3 (0.01N) < 15.6 (0.1N) < 24.1 (1N) for CL soil (1:5). When 

we compared samples shaken soil with distilled water, the acids with I N strength has extracted 

the concentrations of elements more than 2-times, regardless of the type of an element. 

Table 1. Physico-chemical properties of soils used for the experiment. 

Property Unit Sandy loam soil Clay loam soil 

Sand % 67 38 

Silt % 27 28 

Clay % 6 34 

Organic matter % 2.6 3.2 

EC (1: 5) dS m-1 1.3 1.6 

pH ----- 8.4 8.3 

Soluble Ca mg kg-1 26.6 31.0 

Soluble Mg (water) mg kg-1 12.5 18.7 

Soluble Na mg kg-1 6.0 11.2 

Soluble Fe mg kg-1 10.1 13.1 

Soluble Mn mg kg-1 3.7 4.8 

Soluble Cr mg kg-1 1.3 2.0 

 

 
Figure 3. Solubility of Na in soils as affected by simulated acid rainwater after shaking at two soil-water ratios 

(1:5 and 1:10) 

The Fe concentrations (mg kg-1) in SL soil in 1:5 suspensions were obtained among 

HNO3 acid with the normality (N) of 1, 0.1, and 0.01 as 24.5, 18.3, and 15.3. (Figure 4).  The 

same acid in the CL soil solubilized the Fe as 23.4, 20.3, and 16.7. There was a slight variation 

of Fe in diluted H2SO4 than HNO3 dilutions. H2SO4 extractions were found with Fe level as 

23.6 (1N), 18.8 (0.1N) and 16.1 (0.01) I SL soil. The extractions of CL soil among three 

treatments of H2SO4 were found: 24.1 (1N), 21.3 (0.1N), and 17.4 (0.01N). Overall, the 

normality of acid, the mean value (mg kg-1) of Fe among acids varied as 11.6, 19.8, 20.3, and 

20.6 in control, HNO3, H2SO4, and mixed acids the ratio of 1:5 dilutions. Fe values (mg kg-1) 

were enhanced in 1:10 dilutions and varied as 13.7 (control) < 23.2 (HNO3) < (H2SO4) 24.0 < 

(mixed acids) 24.3. 
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Figure 4. Solubility of Fe in soils as affected by simulated acid rainwater after shaking at two soil-water ratios 

(1:5 and 1:10). 

The extractability of Mn was profoundly affected by the saturation of soil with acids 

(Figure 5). The SL soil differed as H2SO4>HNO3> mixture of H2SO4 and HNO3. Manganese 

concentration in the soil solution was obtained among the acid treatment of 1N HNO3, 

1NH2SO4, and their mixtures 10.3, 11.4, and 10.4 mg kg-1 in sandy loam after shaking of 1:5 

soil-water suspension when compared with the control soil where the Mn was 3.8 mg kg-1. 

Acid water treatment of 1NHNO3, 1NH2SO4, and their mixture differed in 1:5 soil-water 

suspension of CL soil as 15.3, 15.6, and 16 mg kg-1 during comparison with untreated soil 

where the Mn was 4.8 mg kg-1.  

 

 
Figure 5. Mn solubility in soils as affected by simulated acid rainwater after shaking at two soil-water ratios 

(1:5 and 1:10). 
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Across all normalities, Mn (mg kg-1) in the acid treatments differed for 1:5 soil-water 

suspension as H2SO4 (10.2), HNO3 (9.2), and a mixture of H2SO4 and HNO3 (9.8) than control 

soil where the Mn content was 4.3 mg kg-1. The CL soil gave a higher amount of Mn than SL 

soil. Manganese concentration (mg kg-1) differed in CL as H2SO4(11.7), HNO3 (10.6), mixed 

acids (11.3), and control (4.9) in 1:10 diluted treatments. Soil pH and organic matter are the 

soil factors that control heavy metal availability [12]. Acid rain enhanced the leaching of heavy 

metals from the contaminated soil. Also, it caused the heavy metal fractions to become more 

labile [1]. 

The significant changes in Cr concentrations of soils were noticed with the application 

of acids (Figure 6). The release pattern of Cr was similar to other metals in both soil. Strong 

acidity level extracted more amount of Cr rather than weaker acid. The higher concentration of 

Cr in the CL soil could be attributed to its higher concentration in the irrigation water. In 

general, acid treatments may increase the risk of heavy metals in runoff or water bodies. It has 

been reported that heavy metal solubility was the organic material function in soil treatment 

[13, 14,15]. It was reported that acidification of soils lowered the cation exchange capacity, 

affected the grain size distribution, and altered the consistency and strength properties. This 

study indicated that acid rain could increase heavy metal concentrations in the soil solution. 

 

 
Figure 6. Solubility of Cr in soils as affected by simulated acid rainwater after shaking at two soil-water ratios 

(1:5 and 1:10). 

4. Conclusions 

 In summary, it can be concluded that the shaking of the Abbottabad soils. Pakistan, 

with the acid solution, can alter the extractability of heavy metals. Heavy metal concentrations 

increased with soil acidification. Furthermore, the concentrations of cations in the soil were 

varied as Ca > Mg > Fe > Na >Mn> Cr. Clay loam soil showed a higher concentration of 

elements in the solution than sandy loam soil. Soil-water suspension of 1:10 extracted more 

cations than the 1:5 ratio. The extraction of elements differed among acid treatments. Like, 

H2SO4> HNO3> mixture of HNO3 and H2SO4, across all normalities. The concentrated acid 

solubilized more concentration of element (1N> 0.1N> 0.01N). This study found an alteration 

of soil composition with acidification. 

0

2

4

6

8

Con
tro

l

N
 (0

.01
)

N
 (0

.1)
N
 (1

)

S 
(0
.01

)

S 
(0
.1)

S 
(1
)

N
S (

0.0
1)

N
S (

0.1
)

N
S (

1)

C
r 

(m
g
 k

g-1
)

SL

CL

0

2

4

6

8

Con
tro

l

N
 (0

.01
)

N
 (0

.1)
N
 (1

)

S 
(0
.01

)

S 
(0
.1)

S 
(1
)

N
S (

0.0
1)

N
S (

0.1
)

N
S (

1)

C
r 

(m
g
 k

g-1
)

SL

CL

https://doi.org/10.33263/BRIAC114.1173711746
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC114.1173711746  

https://biointerfaceresearch.com/ 11744 

Funding 

This research received no external funding. 

Acknowledgments 

We are very grateful to HEC Pakistan (Higher Education Commission), Government of 

Pakistan, for providing ASIG (Access to Scientific Instrumentation Grant) for research work 

and also to the Department of Environmental Sciences, COMSATS University Islamabad, 

Abbottabad Campus, Pakistan for providing lab facilities during the research work. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Zheng, S.-A.; Zheng, X.; Chen, C. Leaching Behavior of Heavy Metals and Transformation of Their 

Speciation in Polluted Soil Receiving Simulated Acid Rain. PLOS ONE 2012, 7, 49660-49664, 

https://doi.org/10.1371/journal.pone.0049664. 

2. Zhang, J.-E.; Ouyang, Y.; Ling, D.-J. Impacts of simulated acid rain on cation leaching from the Latosol in 

south China. Chemosphere 2007, 67, 2131-2137, https://doi.org/10.1016/j.chemosphere.2006.12.095.  

3. Cullis, C.F.; Hirschler, M.M. Atmospheric sulphur: Natural and man-made sources. Atmospheric 

Environment (1967) 1980, 14, 1263-1278, https://doi.org/10.1016/0004-6981(80)90228-0. 

4. Liu, K.-H.; Fang, Y.-T.; Yu, F.-M.; Liu, Q.; Li, F.-R.; Peng, S.-L. Soil Acidification in Response to Acid 

Deposition in Three Subtropical Forests of Subtropical China. Pedosphere 2010, 20, 399-408, 

https://doi.org/10.1016/S1002-0160(10)60029-X. 

5. Lal, N. The effects of simulated acid rain of different pH-levels on biomass and leaf area in Sunflower 

(Helianthus annuus). Current Botany 2013, 3. 45-50. 

6. Evans, L.S.; K.F. Lewin; C.A. Conway; M.J. Patti. Seed yield (quantity and quality) of field-grown soybeans 

exposed to simulated acid rain. New Phytologist1981, 89, 459-470. 

7. Evans, L.S.; Lewin, K.F. Growth, development and yield responses of pinto beans and soybeans to hydrogen 

ion concentrations of simulated acidic rain. Environmental and Experimental Botany 1981, 21, 103-113, 

https://doi.org/10.1016/0098-8472(81)900150.  

8. Ling, D.-J.; Huang, Q.-C.; Ouyang, Y. Impacts of simulated acid rain on soil enzyme activities in a latosol. 

Ecotoxicology and Environmental Safety 2010, 73, 1914-1918, 

https://doi.org/10.1016/j.ecoenv.2010.07.024 

9. Li, Y.; Wang, Y.; Wang, Y.; Wang, B. Effects of simulated acid rain on soil respiration and its component 

in a mixed coniferous-broadleaved forest of the three gorges reservoir area in Southwest China. Forest 

Ecosystems 2019, 6, 1464-1480,https://doi.org/10.1186/s40663-019-0192-0.  

10. Nelson, D.W.; Sommers, L.E. Total carbon, organic carbon and organic matter. In: Methods of Soil Analysis. 

Part 2. Chemical and Microbiological Properties. ASA, SSSA, Madison, W.I.; Page, A.L.; Miller, R.H.; 

Keeney, D.R. (Eds.), USA 1982; pp. 539-580. 

11. Gee, G.W.; Bauder, J.W. Particle-size analysis. In: Method of Soil Analysis, Part 1, Agronomy series No. 9. 

American Society of Agronomy and Soil. Science Society of America Inc. Publ., Madison, W.I.; Klute, A. 

(ed), USA 1986; pp. 383–441. 

12. Barančíková, G.; Madams, M.; Rybàr, O. Crop contamination by selected trace elements. Journal of Soils 

and Sediments 2004, 4, 37-42, https://doi.org/10.1007/bf02990827.   

13. Narwal, R.P.; Singh, B.R. Effect of Organic Materials on Partitioning, Extractability and Plant Uptake of 

Metals in an Alum Shale Soil. Water, Air, and Soil Pollution 1998, 103, 405-421, 

https://doi.org/10.1023/A:1004912724284. 

14. McBride, M.B.; MartÍnez, C.E. Copper Phytotoxicity in a Contaminated Soil:  Remediation Tests with 

Adsorptive Materials. Environmental Science & Technology 2000, 34, 4386-4391, 

https://doi.org/10.1021/es0009931. 

15. Cao, X.; Wahbi, A.; Ma, L.; Li, B.; Yang, Y. Immobilization of Zn, Cu, and Pb in contaminated soils using 

phosphate rock and phosphoric acid. Journal of Hazardous Materials 2009, 164, 555-564, 

https://doi.org/10.1016/j.jhazmat.2008.08.034.  

16. Ure, A.M.; Quevauviller, P.; Muntau, H.; Griepink, B. Speciation of Heavy Metals in Soils and Sediments. 

An Account of the Improvement and Harmonization of Extraction Techniques Undertaken Under the 

https://doi.org/10.33263/BRIAC114.1173711746
https://biointerfaceresearch.com/
https://doi.org/10.1371/journal.pone.0049664
https://doi.org/10.1016/j.chemosphere.2006.12.095
https://doi.org/10.1016/0004-6981(80)90228-0
https://doi.org/10.1016/S1002-0160(10)60029-X
https://doi.org/10.1016/0098-8472(81)900150
https://doi.org/10.1016/j.ecoenv.2010.07.024
https://doi.org/10.1186/s40663-019-0192-0
https://doi.org/10.1007/bf02990827
https://doi.org/10.1023/A:1004912724284
https://doi.org/10.1021/es0009931
https://doi.org/10.1016/j.jhazmat.2008.08.034


https://doi.org/10.33263/BRIAC114.1173711746  

https://biointerfaceresearch.com/ 11745 

Auspices of the BCR of the Commission of the European Communities. International Journal of 

Environmental Analytical Chemistry 1993, 51, 135-151, https://doi.org/10.1080/03067319308027619. 

17. Bond-Lamberty, B.; Bailey, V.L.; Chen, M.; Gough, C.M.; Vargas, R. Globally rising soil heterotrophic 

respiration over recent decades. Nature 2018, 560, 80-83, https://doi.org/10.1038/s41586-018-0358-x. 

18. Chen, S.; Zhang, X.; Liu, Y.; Hu, Z.; Shen, X.; Ren, J. Simulated acid rain changed the proportion of 

heterotrophic respiration in soil respiration in a subtropical secondary forest. Applied Soil Ecology 2015, 86, 

148-157, https://doi.org/10.1016/j.apsoil.2014.10.013.  

19. Delgado-Baquerizo, M.; Oliverio, A.M.; Brewer, T.E.; Benavent-González, A.; Eldridge, D.J.; Bardgett, 

R.D.; Maestre, F.T.; Singh, B.K.; Fierer, N. A global atlas of the dominant bacteria found in soil. 2018, 359, 

320-325, https://doi.org/10.1126/science.aap9516.  

20. Guo, J.; Yang, Z.; Lin, C.; Liu, X.; Chen, G.; Yang, Y. Conversion of a natural evergreen broadleaved forest 

into coniferous plantations in a subtropical area: effects on composition of soil microbial communities and 

soil respiration. Biology and Fertility of Soils 2016, 52, 799-809,https://doi.org/10.1007/s00374-016-1120-

x. 

21. Iqbal, J.; Hu, R.; Feng, M.; Lin, S.; Malghani, S.; Ali, I.M. Microbial biomass, and dissolved organic carbon 

and nitrogen strongly affect soil respiration in different land uses: A case study at Three Gorges Reservoir 

Area, South China. Agriculture, Ecosystems & Environment 2010, 137, 294-307, 

https://doi.org/10.1016/j.agee.2010.02.015. 

22. Jalali, M.; Naderi, E. The impact of acid rain on phosphorus leaching from a sandy loam calcareous soil of 

western Iran. Environmental Earth Sciences 2012, 66, 311-317,https://doi.org/10.1007/s12665-011-1240-4. 

23. Jian, J.; Steele, M.K.; Day, S.D.; Quinn Thomas, R.; Hodges, S.C. Measurement strategies to account for 

soil respiration temporal heterogeneity across diverse regions. Soil Biology and Biochemistry 2018, 125, 

167-177, https://doi.org/10.1016/j.soilbio.2018.07.003. 

24. Liang, G.; Hui, D.; Wu, X.; Wu, J.; Liu, J.; Zhou, G.; Zhang, D. Effects of simulated acid rain on soil 

respiration and its components in a subtropical mixed conifer and broadleaf forest in southern China. 

Environmental Science: Processes & Impacts 2016, 18, 246-255,https://doi.org/10.1039/C5EM00434A. 

25. Meyer, N.; Welp, G.; Amelung, W. Effect of sieving and sample storage on soil respiration and its 

temperature sensitivity (Q10) in mineral soils from Germany. Biology and Fertility of Soils 2019, 55, 825-

832, https://doi.org/10.1007/s00374-019-01374-7. 

26. Nguyen, T.; Tran, T.T.H. The Contribution of Various Components to pH Buffering Capacity of Acrisols in 

Southeastern Vietnam. Communications in Soil Science and Plant Analysis 2019, 50, 1170-1177,  

https://doi.org/10.1080/00103624.2019.1604735.  

27. Sharma, P.; Vyas, S.; Kaushal, M.; Mahure, N.V.; Sivakumar, N.; Kumar, R.; Ratnam, M. Understanding 

the effect of acid rain on physico-chemical and engineering properties of black cotton soil. Agris On-line 

Papers in Economics and Informatics 2012, 2, 1291-1301. 

28. Shi, R.-Y.; Hong, Z.-N.; Li, J.-Y.; Jiang, J.; Baquy, M.A.-A.; Xu, R.-K.; Qian, W. Mechanisms for Increasing 

the pH Buffering Capacity of an Acidic Ultisol by Crop Residue-Derived Biochars. J Agric Food Chem2017, 

65, 8111-8119, https://doi.org/10.1021/acs.jafc.7b02266. 

29. Wang, M.; Gu, B.-j.; Ge, Y.; Liu, Z.; Jiang, D.-a.; Chang, S.X.; Chang, J. Different responses of two Mosla 

species to potassium limitation in relation to acid rain deposition. Journal of Zhejiang University Science B 

2009, 10, 563-571,https://doi.org/10.1631/jzus.B0920037. 

30. Cui, H.; Zhang, S.; Li, R.; Yi, Q.; Zheng, X.; Hu, Y.; Zhou, J. Leaching of Cu, Cd, Pb, and phosphorus and 

their availability in the phosphate-amended contaminated soils under simulated acid rain. Environmental 

Science and Pollution Research 2017, 24, 21128-21137, https://doi.org/10.1007/s11356-017-9696-8. 

31. Zhang, C.; Liu, Y.; Li, X.; Chen, H.; Wen, T.; Jiang, Z.; Ai, Y.; Sun, Y.; Hayat, T.; Wang, X. Highly uranium 

elimination by crab shells-derived porous graphitic carbon nitride: Batch, EXAFS and theoretical 

calculations. Chemical Engineering Journal 2018, 346, 406-415, https://doi.org/10.1016/j.cej.2018.03.186.  

32. Han, B.; Zhang, E.; Cheng, G.; Zhang, L.; Wang, D.; Wang, X. Hydrothermal carbon superstructures 

enriched with carboxyl groups for highly efficient uranium removal. Chemical Engineering Journal 2018, 

338, 734-744, https://doi.org/10.1016/j.cej.2018.01.089. 

33.  Liao, P.; Malik, I. Z.; Zhang, W.; Yuan, S.; Tong, M.; Wang, K.; Bao, J. Adsorption of dyes from aqueous 

solutions by microwave modified bamboo charcoal. Chemical Engineering Journal2012, 195: 339-346. 

https://doi.org/10.1016/j.cej.2012.04.092. 

34. Badgley, B.D.; Steele, M.K.; Cappellin, C.; Burger, J.; Jian, J.; Neher, T.P.; Orentas, M.; Wagner, R. Fecal 

indicator dynamics at the watershed scale: Variable relationships with land use, season, and water chemistry. 

Science of The Total Environment 2019, 697, https://doi.org/10.1016/j.scitotenv.2019.134113. 

35. Moussavi, G.; Khosravi, R.; The removal of cationic dyes from aqueous solutions by adsorption onto 

pistachio hull waste. Chemical Engineering Research and Design2011, 89: 2182-2189. 

36. Deng, Q.; Zhang, D.; Han, X.; Chu, G.; Zhang, Q.; Hui, D. Changing rainfall frequency rather than drought 

rapidly alters annual soil respiration in a tropical forest. Soil Biology and Biochemistry 2018, 121, 8-15, 

https://doi.org/10.1016/j.soilbio.2018.02.023. 

37. Volk, M.; Bassin, S.; Lehmann, M.F.; Johnson, M.G.; Andersen, C.P. 13C isotopic signature and C 

concentration of soil density fractions illustrate reduced C allocation to subalpine grassland soil under high 

https://doi.org/10.33263/BRIAC114.1173711746
https://biointerfaceresearch.com/
https://doi.org/10.1080/03067319308027619
https://doi.org/10.1038/s41586-018-0358-x
https://doi.org/10.1016/j.apsoil.2014.10.013
https://doi.org/10.1126/science.aap9516
https://doi.org/10.1007/s00374-016-1120-x
https://doi.org/10.1007/s00374-016-1120-x
https://doi.org/10.1016/j.agee.2010.02.015
https://doi.org/10.1007/s12665-011-1240-4
https://doi.org/10.1016/j.soilbio.2018.07.003
https://doi.org/10.1039/C5EM00434A
https://doi.org/10.1007/s00374-019-01374-7
https://doi.org/10.1080/00103624.2019.1604735
https://doi.org/10.1021/acs.jafc.7b02266
https://doi.org/10.1631/jzus.B0920037
https://doi.org/10.1007/s11356-017-9696-8
https://doi.org/10.1016/j.cej.2018.03.186
https://doi.org/10.1016/j.cej.2018.01.089
https://doi.org/10.1016/j.scitotenv.2019.134113
https://doi.org/10.1016/j.soilbio.2018.02.023


https://doi.org/10.33263/BRIAC114.1173711746  

https://biointerfaceresearch.com/ 11746 

atmospheric N deposition. Soil Biology and Biochemistry 2018, 125, 178-184,  

https://doi.org/10.1016/j.soilbio.2018.07.014. 

38. Noreen, S.; Bhatti, H.N.; Nausheen, S.; Sadaf, S.; Ashfaq, M. Batch and fixed bed adsorption study for the    

removal of Drimarine Black CL-B dye from aqueous solution using a lignocellulosic waste: A cost affective 

adsorbent. Industrial Crops and Products2013, 50: 568-579.https://doi.org/10.1016/j.indcrop.2013.07.065. 

39. Liu, Y.; Hu, C.; Hu, W.; Wang, L.; Li, Z.; Pan, J.; Chen, F. Stable isotope fractionation provides information 

on carbon dynamics in soil aggregates subjected to different long-term fertilization practices. Soil and Tillage 

Research 2018, 177, 54-60, https://doi.org/10.1016/j.still.2017.11.016. 

40. Li, J.; Yuan, X.; Ge, L.; Li, Q.; Li, Z.; Wang, L.; Liu, Y. Rhizosphere effects promote soil aggregate stability 

and associated organic carbon sequestration in rocky areas of desertification. Agriculture, Ecosystems & 

Environment 2020, 304, 107117-107126,https://doi.org/10.1016/j.agee.2020.107126.  

41. Balasubramanian, D.; Zhang, Y.-P.; Grace, J.; Sha, L.-Q.; Jin, Y.; Zhou, L.-G.; Lin, Y.-X.; Zhou, R.-W.; 

Gao, J.-B.; Song, Q.-H.; Liu, Y.-T.; Zhou, W.-J. Soil organic matter as affected by the conversion of natural 

tropical rainforest to monoculture rubber plantations under acricferralsols. Catena 2020, 195, 1047549-

104753, https://doi.org/10.1016/j.catena.2020.104753. 

42. Atere, C.T.; Gunina, A.; Zhu, Z.; Xiao, M.; Liu, S.; Kuzyakov, Y.; Chen, L.; Deng, Y.; Wu, J.; Ge, T. Organic 

matter stabilization in aggregates and density fractions in paddy soil depending on long-term fertilization: 

Tracing of pathways by 13C natural abundance. Soil Biology and Biochemistry 2020, 149, 107920-107931, 

https://doi.org/10.1016/j.soilbio.2020.107931. 

43. Ding, X.; Chen, S.; Zhang, B.; Liang, C.; He, H.; Horwath, W.R. Warming increases microbial residue 

contribution to soil organic carbon in an alpine meadow. Soil Biology and Biochemistry 2019, 135, 13-19, 

https://doi.org/10.1016/j.soilbio.2019.04.004. 

44. Low, L.W.; Teng, T.T.; Morad, N.; Azahari, B. Optimization of the column studies into the adsorption of 

basic dye using tartaric acid-treated bagasse. Desalination and Water Treatment2013, 1-12. 

https://doi.org/10.1080/19443994.2013.817630. 

45. Huang, S.; Ye, G.; Lin, J.; Chen, K.; Xu, X.; Ruan, H.; Tan, F.; Chen, H.Y.H. Autotrophic and heterotrophic 

soil respiration responds asymmetrically to drought in a subtropical forest in the Southeast China. Soil 

Biology and Biochemistry 2018, 123, 242-249, https://doi.org/10.1016/j.soilbio.2018.04.029. 

46. Rodrigues, C.S.; Madeira, L.M.; Boaventura, R.A. Treatment of textile dye wastewaters using ferrous 

sulphate in a chemical coagulation/flocculation process. Environmental Technology2013, 34: 719-

729.https://doi.org/10.1080/09593330.2012.715679 

47. Lu, G.; Tian, H.; Wang, Z.; Li, H.; Mallavarapu, M.; He, W. The distribution of arsenic fractions and alkaline 

phosphatase activities in different soil aggregates following four months As(V) ageing. Chemosphere 2019, 

236, 124350-124355, https://doi.org/10.1016/j.chemosphere.2019.124355.  

 

https://doi.org/10.33263/BRIAC114.1173711746
https://biointerfaceresearch.com/
https://doi.org/10.1016/j.soilbio.2018.07.014
https://doi.org/10.1016/j.still.2017.11.016
https://doi.org/10.1016/j.agee.2020.107126
https://doi.org/10.1016/j.catena.2020.104753
https://doi.org/10.1016/j.soilbio.2020.107931
https://doi.org/10.1016/j.soilbio.2019.04.004
https://doi.org/10.1016/j.soilbio.2018.04.029
https://doi.org/10.1016/j.chemosphere.2019.124355

