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Abstract: Since ancient times, river ecosystems, as the birthplace of human civilization, 

have played a pivotal role in human development. The purpose of this work is to study the 

typical physical and chemical indicators of water quality, planktonic bacteria and riparian 

zone conditions for river ecosystem health assessment based on planktonic bacteria 

biological integrity index, with basin A as the main research object. Different waters of the 

river ecosystem were investigated. The water quality and biological evaluation of the river 

ecosystem was carried out, and the health evaluation index system and model system of the 

river water ecosystem based on the bio-integrity index of planktonic bacteria were 

determined. Plankton Integrity Index (P-IBI) values are used to assess the health of river 

aquatic ecosystems. In 5 follow-up ratings, health is 2x. Through the correlation analysis of 

the water P-IBI scores calculated by the three-point method, the four-point method and the 

ratio method, the correlation between the results obtained by the ratio method and the 

four-point method is r = 0.8145, so the quartile method and The ratio method is suitable for 

evaluating the water ecological health of river waters. 

1. Introduction 

River ecosystems play a vital role in human development, not only providing abundant 

freshwater resources and food for human life, but also having ecological and social functions at the 

spiritual level. In recent years, with the rapid development of my country's industrialization and 

urbanization, the indiscriminate use of water resources, deforestation, and vegetation destruction 

have occurred frequently, especially the poor public awareness of environmental protection and lack 

of awareness of water resources such as rivers. Decline in the health of aquatic ecosystems [1]. 

Therefore, taking appropriate methods to evaluate the health of the river water ecosystem can not 

only understand the current state of the river, judge the degree of human activities' disturbance to 

the river water ecosystem, but also provide a scientific basis for decision makers to formulate river 
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management policies [2]. 

In recent years, great progress has been made in river management in ecological restoration, 

pollution control and daily management. The Romero I C study features a decade-decadal 

assessment of polycyclic aromatic hydrocarbons (PAHs) in muscle tissue of Mesozoic fish species 

as indicators of environmental health in deep-sea ecosystems in the Gulf of Mexico (GoM). 

Mesophytic fish were collected before the Deepwater Horizon (DWH) oil spill (2007), immediately 

after the spill (2010), 1 year after the spill (2011) and 5-6 years after the spill (2015-2016) for 

assessment if the Mesozoic The system was exposed to and retained PAH compounds from the 

DWH spill. The results showed that compared with 2007 (630+/-236ng/g), PAHs in fish tissue 

increased 7 to 10 times in 2010-2011 (4972+/-1477ng/g). During 2015-2016, PAH concentrations 

declined, approaching the levels measured in the 2007 sample (827+/-138ng/g); however, the 

composition of PAHs remained similar to a diagenetic source, similar to those collected in 

2010-2011 Sample [3]. Ogbeide O assessed the ecological and human health risks associated with 

residual concentrations of organochlorine pesticide residues in the Ikpoba River, a major river in the 

heart of the Nigerian town of Benin, in Edo State. Standard methods were used to collect, extract 

and analyze samples, while using standard models and indicators for risk assessment. The results 

showed that the pesticide concentrations in sediment and water samples varied, with α-HCH (0.24 ± 

0.11 μg L-l) predominant in water, while dieldrin (0.99 ± 0.33 μg kg-l) was the highest 

concentration in sediment. Compared with the Sediment Quality Guidelines (SQGs), the 

concentrations of pesticides in the sediments of this study are lower than the medium impact range, 

low impact range, probable impact level and threshold impact level, indicating lower environmental 

hazards to benthic organisms [4]. During the years of research and application of river ecosystem 

health assessment, many scholars have developed many different methods. 

This paper studies the health evaluation of river ecosystems based on the bio-integrity index of 

bacterioplankton. Taking the A river basin as the main research object, the water quality evaluation 

and biological evaluation of the river ecosystem are carried out respectively, and the river water 

ecosystem based on the bacterioplankton bio-integrity index is determined. Health evaluation index 

system and standard system. At present, river research mainly focuses on a single river, and the 

selection of indicators is incomplete, which cannot fully reflect the ecological health of the river. On 

the basis of river field investigation, combined with the research of domestic and foreign experts 

and scholars and my country's actual national conditions, this paper established an index system and 

method suitable for evaluating the health status of river ecosystems in northern Anhui. A 

comprehensive, objective and scientific evaluation of rivers aims to provide a basis for scientific 

management of rivers and even the entire Huaihe River Basin and rational utilization of water 

resources. The results of river ecosystem health assessments can also provide specific early warning 

functions for river management to take action to prevent adverse impacts from occurring. 

2. Study on Bio-integrity Index of Planktonic Bacteria and Health Evaluation of River 

Ecosystem 

2.1. Biological Integrity Index 

Biological stability refers to the relative stability of the composition, diversity and function of 

biological assemblages in natural habitats, and is the result of the interaction between organisms 

and the environment [5-6]. As an important method to study the environmental environment of 

rivers, the Biological Integrity Index (IBI) changes the average value of water environmental 

quality evaluation through physical and chemical markers, and objectively shows the health of 
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rivers from the perspective of ecosystems. Function and structure Biological stability index is one 

of the most commonly used and effective evaluation methods for analyzing the causes of river 

environmental problems, and it is also a method that is currently studied by domestic scholars [7-8]. 

2.2. General Steps for Ecosystem Health Assessment 

(1) Steps for establishing the PSR model evaluation system 

The steps for establishing the PSR model evaluation system are as follows: Determine the 

research field and research scope (division of the research field), evaluate human activities, and 

determine the pressure caused by human activities [9-10]. According to the characteristics of the 

study area, analyze the response of the ecosystem to stress (physical, chemical, biological, 

ecological level and ecosystem function), select appropriate indicators and establish an indicator 

system, determine the weighted indicators, assign or normalize them. Calculate the overall health 

index, obtain the health status of the ecosystem in the study area, and analyze the research results 

[11-12]. 

(2) P-IBI 

The steps of plankton integrity index calculation can be summarized as follows: data collection 

in the survey area, determination of reference samples and damaged points; index selection; index 

selection; index assignment and calculation of fish biological integrity index [13-14]. 

2.3. Principles of Indicator Selection 

(1) Scientific and holistic principles 

It is necessary to carefully consider the evaluation objects, select the indicators that can reflect 

the overall health of the river among the many indicators that reflect the ecological status of the 

river, and fully consider the physical, chemical, biological, social and economic aspects of the river, 

so as to establish a scientific and complete indicator system [15-16]. 

(2) The principle of combining qualitative and quantitative 

The river ecosystem is complex and changeable, and it is difficult to comprehensively reflect the 

comprehensive situation of the river only by selecting quantitative indicators. Therefore, it is 

necessary to combine qualitative and quantitative indicators [17-18]. 

(3) Hierarchical principle 

The hierarchical principle is to stratify multiple indicators that reflect the health of the river, and 

then refine the indicators on this basis. The hierarchization of indicators can simplify the complex 

indicator system and reflect the health status of rivers more clearly from multiple perspectives [19]. 

3. Investigation and Research on Health Assessment of River Ecosystem 

3.1. Sample Point Setting and Description 

The study site was located in the A River Basin, and sampling was performed every two months 

from January 2019 to December 2020, for a total of 12 months. A total of 20 sampling points were 

set in the places where the river A and its tributaries were moderate in size and convenient for the 

distribution of points. 
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3.2. Comprehensive Evaluation Method System 

Using the biological integrity index to evaluate the quality of biological elements in the bay has 

obvious advantages, so this paper attempts to introduce the biological integrity index to establish a 

scientific, reasonable and comprehensive comprehensive evaluation method for the environmental 

quality of the bay. This method also evaluates from two aspects of water quality and biological 

factors. The evaluation index system of water quality factors is selected and determined according 

to the environmental pressure of the bay to be evaluated. The evaluation index system of biological 

factors is composed of different types of indices. The index system is composed of evaluation 

factors selected during its establishment. The index system of the comprehensive evaluation method 

established in this paper is: water quality indexes include physical and chemical indexes. Biological 

indicators (IBI) include phytoplankton indicators, zooplankton indicators and benthic indicators. 

3.3. Data Processing and Analysis 

(1) Species density 

Density plays a very important role in measuring the rarity of species, the less quantity contained 

in a unit area, the higher the rarity. For the calculation of planktonic bacteria density (unit: 

ind./cm2), please refer to the blood count method, the formula is as follows: 

SV
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In the formula: N represents the cell number (ind./cm2) of the i species in the unit; n represents 

the number of algal cells in a 0.1mL sample (a); V1 represents the volume (mL) for quantitative 

analysis after precipitation and constant volume; V2 represents the volume (mL) initially used for 

quantitative analysis; V represents the raw sample volume (mL). 

(2) Diversity Index 

The diversity index is a comprehensive index reflecting the number or richness of species and 

the evenness of species. Commonly used diversity indices include Simpson's diversity index, 

Shannon-Weiner index, hook index, etc. In this paper, the Shannon-Wiener index meter was used to 

analyze the biodiversity of the community. The Shannon-Wiener index reflects the uncertainty 

degree of species occurrence, and the larger the value, the higher the uncertainty. Its calculation 

formula is as follows: 
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In the formula: H represents the Shannon-Wiener index; S represents the number of species; Pi 

represents the proportion of species i in the community. 

4. Analysis and Research on Health Assessment of River Ecosystem 

4.1. Establishment of the Indicator System 

The water quality indicators that have an impact on the quality of the river mainly include 

nutrients, transparency and chlorophyll. Other indicators such as heavy metals and petroleum 

pollution generally meet the national first-class water quality standards. Therefore, dissolved 
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inorganic nitrogen (DIN) is selected in this evaluation method. ), phosphate (PO4) and transparency 

(SD) as the main components of the Jiaozhou Bay water quality index system, as shown in Table 1. 

Table 1. River nutrition evaluation criteria 

Index Nutrient rich Moderate nutrition Poor nutrition 

DIN(mg/L) 0.5 0.4 0.3 

PO4-P((mg/L) 0.044 0.04 0.02 

 

 

Figure 1. Standard diagram of river nutrition evaluation 

As shown in Figure 1, the selection of the evaluation thresholds of DIN and PO4 in the river 

quality index system is based on the river nutrition evaluation standard. The score was 3 when 

L-0.3mg/L and 0.3mg/L-0.4mg/L, and 1 when 0.4mg/L or more and 0.1mg/L or less. 

4.2. Comparative Analysis of Plankton Integrity Index Evaluation Results 

According to the above-established plankton integrity index scoring standard, the score of water 

area A was calculated, and on this basis, the health of aquatic ecosystems in different periods of 

water area A was evaluated. The evaluation results of the three-point method, the four-point method 

and the ratio method are shown in Table 2, respectively. 
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Table 2. P-IBI value and evaluation results 

Time Rule of thirds Quartile Ratio method 

1 16 18 20 

2 12 22 24 

3 20 21 23 

4 15 15 25 

5 14 19 19 

 

 

Figure 2. Comparison of P-IBI values and evaluation results 

As shown in Figure 2, the Plankton Integrity Index (P-IBI) value of water A calculated by the 

method of thirds, ratios and quarters was used to evaluate the health of river aquatic ecosystems. 

Among the 5 monitoring evaluations of the three-point method, healthy is 2 times, sub-healthy is 2 

times, and good is 1 time; among the 5 monitoring evaluations of the quartile method, healthy is 3 

times, sub-healthy is 1 time, and good is 1 time; Among the 5 monitoring evaluations of the ratio 
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method, 4 times were healthy, 1 time was sub-healthy, and 0 times were good. The evaluation 

results obtained by the two methods are basically the same. In terms of seasonal changes, the health 

status in January and November was the worst two months in the anniversary, and the health status 

was the best in July. The analysis showed that due to the low temperature in winter, it was not 

suitable for plankton growth, and a large number of plankton died, resulting in poor plankton 

community structure. Overall health in 2020 is better than in 2019 due to the cumulative effect of 

pollutants that accumulate over time. 

 

 

Figure 3. Correlation analysis of P-IBI values calculated by the method of thirds and the ratio 

method 

As shown in Figure 3, the correlation analysis was performed on the P-IBI scores of the waters 

calculated by the method of thirds, the method of quartiles and the ratio method (Figure 3). The 

ratio method has a strong correlation with the quartile method, and its evaluation results have a 

good similarity with the grey relational evaluation results, so the quartile method and the ratio 

method are both suitable for the evaluation of aquatic ecological health in river waters. 

5. Conclusion 

This paper studies the health evaluation of river ecosystems based on the bio-integrity index of 

bacterioplankton. Taking the A river basin as the main research object, the water quality evaluation 

and biological evaluation of the river ecosystem are carried out respectively, and the river water 

ecosystem based on the bio-integrity index of bacterioplankton is determined. Health evaluation 

index system and standard system. Judging from the current water environment in the basin, due to 
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the dual effects of over-utilization of water resources and water pollution, the river water ecosystem 

is facing problems such as deterioration of water quality, deterioration of habitat conditions, and 

reduction of water bodies. The measures will affect the overall pollution recovery and treatment 

process of the Liaohe River Basin, and have a profound impact on the coordinated development of 

the middle and lower reaches of the Liaohe River and the urban agglomeration in the central 

Liaoning region, especially the water ecological environment. Therefore, the research on the health 

status of the water ecosystem in the river basin, and the timely understanding of its health status and 

the many factors that lead to its decline, will help promote the coordinated development of 

"socio-economic". 

Funding 

This article is not supported by any foundation. 

Data Availability 

Data sharing is not applicable to this article as no new data were created or analysed in this 

study. 

Conflict of Interest  

The author states that this article has no conflict of interest. 

References 

[1] Campana R, Ciandrini E, Baffone W. Experimental approach for a possible integrated protocol 

to determine sanitizer activity against both planktonic bacteria and related biofilms. Food 

Research International, 2018, 111(SEP.):472-479. 

[2] Palacios-Torres Y, De L, Olivero-Verbel J. Trace elements in sediments and fish from Atrato 

River: an ecosystem with legal rights impacted by gold mining at the Colombian Pacific. 

Environmental Pollution, 2020, 256(Jan.):113290.1-113290.12. 

[3] Romero I C, Tracey S, Brigid C, et al. Decadal Assessment of Polycyclic Aromatic 

Hydrocarbons in Mesopelagic Fishes from the Gulf of Mexico Reveals Exposure to Oil-Derived 

Sources. Environmental Science & Technology, 2018, 52(19):10985-10996. 

https://doi.org/10.1021/acs.est.8b02243 

[4] Ogbeide O, Uhunamure G, Okundaye F, et al. First Report on Probabilistic risk assessment of 

pesticide residues in a riverine ecosystem in South-South Nigeria. Chemosphere, 2019, 

231(SEP.):546-561. 

[5] Franca J D, Pickler T B, Jozala A F, et al. Determination of 17α-ethinylestradiol and toxic 

metals in surface waters, and estimation of daily intake. Environmental Monitoring and 

Assessment, 2020, 192(1):21.1-21.10. https://doi.org/10.1007/s10661-019-7990-2 

[6] Tsaboula A, Papadakis E N, Vryzas Z, et al. Assessment and management of pesticide pollution 

at a river basin level part I: Aquatic ecotoxicological quality indices. Science of The Total 

Environment, 2019, 653(FEB.25):1597-1611. 

[7] Muratoglu A. Water footprint assessment within a catchment: A case study for Upper Tigris 

River Basin. Ecological indicators, 2019, 106(Nov.):105467.1-105467.13. 

[8] Sadat M A, Guan Y, Zhang D, et al. The associations between river health and water resources 



Academic Journal of Environmental Biology 

18 
 

management lead to the assessment of river state. Ecological indicators, 2020, 

109(Feb.):105814.1-105814.14. 

[9] Aziza A E, Iwegbue C, Tesi G O, et al. Concentrations, sources, and exposure risk of 

polychlorinated biphenyls in soil profiles of the floodplain of the lower reaches of the River 

Niger, Nigeria. Environmental Monitoring and Assessment, 2021, 193(9):1-18. 

https://doi.org/10.1007/s10661-021-09310-9 

[10] Mbaye M M, Khalfi B E, Ouzamode S, et al. Effect of Origanum vulgare Essential Oil 

Supplementation on the Advanced Parameters of Mobility and on the Integrity of Human 

Sperm DNA. International Journal of Reproductive Medicine, 2020, 2020(1):1-8. 

https://doi.org/10.1155/2020/1230274 

[11] Cassidy C, Celebi S, Savard M, et al. Neuromelanin-Sensitive MRI as an Index of 

Norepinephrine System Integrity in Healthy Aging, Mild Cognitive Impairment, and 

Alzheimer's Disease. Biological Psychiatry, 2020, 87(9):S424-S425. 

[12] Souza G, Vianna M. Fish-based indices for assessing ecological quality and biotic integrity in 

transitional waters: A systematic review. Ecological indicators, 2020, 

109(Feb.):105665.1-105665.11. 

[13] Johnson N W, Gedalanga P B, Zhao L, et al. Cometabolic biotransformation of 1,4-dioxane in 

mixtures with hexavalent chromium using attached and planktonic bacteria. The Science of the 

Total Environment, 2020, 706(Mar.1):135734.1-135734.10. 

[14] Stewart D J, Schulz K L, Gillette J P, et al. Abundance of mixoplanktonic algae in relation to 

prey, light and nutrient limitation in a dystrophic lake: a mesocosm study. Marine and 

Freshwater Research Mar. Freshw. Res. 2021, 72(12):1760-1772. 

https://doi.org/10.1071/MF20374 

[15] Selover B, Waite-Cusic J G. Growth potential and biofilm development of nonstarter bacteria 

on surfaces exposed to a continuous whey stream - ScienceDirect. Journal of Dairy Science, 

2021, 104( 6):6508-6515. https://doi.org/10.3168/jds.2020-19837 

[16] Martinez S R, Ibarra L E, Ponzio R A, et al. Photodynamic inactivation of ESKAPE group 

bacterial pathogens in planktonic and biofilm cultures using metallated porphyrin-doped 

conjugated polymer nanoparticles. ACS Infectious Diseases, 2020, 6(8):2202-2213. 

[17] Agbe H, Sarkar D K, Chen X G, et al. Silver–Polymethylhydrosiloxane Nanocomposite 

Coating on Anodized Aluminum with Superhydrophobic and Antibacterial Properties. ACS 

Applied Bio Materials, 2020, 3(7):4062-4073. https://doi.org/10.1021/acsabm.0c00159 

[18] A M I B, C T P B, A J L, et al. Using remote sensing and traditional ecological knowledge 

(TEK) to understand mangrove change on the Maroochy River, Queensland, Australia. Applied 

Geography, 2018, 94(May 2018):71-83. 

[19] Sadat M A, Guan Y, Zhang D, et al. The associations between river health and water 

resources management lead to the assessment of river state. Ecological indicators, 2020, 

109(Feb.):105814.1-105814.14. https://doi.org/10.1016/j.ecolind.2019.105814 


