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Abstract 

Background: In rural areas, the surface water quality is seriously threatened by pollution from agriculture, breeding, 
industrial and tourism activities. Even though many strategies and programs were launched for rural environment 
management, it is challenging to tackle the serious surface water pollution in villages. Since pollution status varies 
with the type of villages, there is no single parameter that defines environment quality completely. Until recently, 
most of rural surface water quality monitoring programs focus only on the conventional parameters, while can these 
conventional parameters reflect comprehensive status of water quality? To study how much the conventional param-
eters contribute to biological toxicity of surface water in villages, the in situ parameters of pH, DO, EC, ORP, laboratorial 
parameters of COD, TN,  NO3

−-N,  NO2
−-N,  NH4

+-N, TP, and  PO4
3−-P and acute toxicity were analyzed for the surface 

water samples those were collected from six types of villages, named breeding, agricultural, handicraft, industrial, agri-
cultural and breeding, and tourism. The correlation analysis was applied to establish the linkages and contributions of 
each parameter.

Results: The results showed that all detected surface waters were alkaline, and the concentration of TN and most of 
COD concentrations in all six types of villages were higher than the Class V limits specified in environmental quality 
standards for surface water (GB3838-2002). Pearson’s correlation analysis showed that significantly positive correla-
tions were found for the acute toxicity effects and laboratorial parameters of  NO2

−-N,  NH4
+-N and  PO4

3−-P in agricul-
tural villages, and negative correlations were found for the acute toxicity effects and laboratorial parameters of TN and 
 NO3

−-N. No significant correlation was observed in breeding villages and industrial villages.

Conclusion: The problems of nitrogen pollution and aerobic pollution are still serious in villages, and more attention 
should be paid in further rural environment management.  NH4

+-N could contribute to the acute toxicity of surface 
water in the most of investigated villages, while no significant correlation was observed between acute toxicity and 
conventional parameters in industrial villages and tourism villages. Environmental monitoring programs focusing just 
on the classical conventional parameters are far from sufficient, since the main toxic contributors are quite different 
in diverse villages. The outcomes of the present study contribute to demonstrate the performance and usefulness of 
bioanalytical techniques for water quality assessment.
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Background
With the increase in requirement of food and natural 
resources from rural regions to sustain burgeoning num-
ber of urban residents, rural environments are seriously 

Open Access

*Correspondence:  guo0768@cqu.edu.cn
Key Laboratory of the Three Gorges Reservoir Eco-environment, 
Chongqing University, Chongqing 400045, People’s Republic of China

http://orcid.org/0000-0002-2417-473X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12302-021-00518-7&domain=pdf


Page 2 of 11Shao et al. Environ Sci Eur           (2021) 33:76 

polluted by contaminants from agriculture, breeding, 
industrial, tourism and so on. It is reported that in China, 
the total emission of chemical oxygen demand (COD), 
nitrogen and phosphorus from agriculture account for 
43.7%, 57.2% and 67.3% of the total national emissions, 
respectively [1]. In 2010, the COD and ammonia nitro-
gen discharged by the livestock and poultry breeding 
accounted for 45% and 25% of the nationwide emissions 
in China [2]. Thus, rural environment management, as 
one of the most important components of rural develop-
ment, has aroused wide concern in recent years [3].

United States Department of Agriculture [4] office 
released a series of programs, such as Rural Decen-
tralized Water Systems Grant Program, Solid Waste 
Management Grants, Water & Waste Disposal Grants 
to Alleviate Health Risks on Tribal Lands and Colo-
nias, SEARCH—Special Evaluation Assistance for Rural 
Communities and Households, Water & Waste Dis-
posal Technical Assistance & Training Grants and so 
on to protect water and environment in rural areas [4]. 
In China, the project of “green livable village program” 
was launched in 2018 by the Ministry of Science and 
Technology of the People’s Republic of China (MOST) 
to improve the rural living environment and to pro-
mote the coordination of agricultural production, liv-
ing condition and ecological conservation [3]. However, 
studies on the harmful effects of objective water quality 
and measures aimed at controlling environmental pol-
lution have been taken mainly in cities, since the rural 
residents’ weak awareness of environmental protection 
and less judgement on the harm of environmental pol-
lution [1]. The monitoring of water quality is always 
time-consuming, and a cumbersome task requiring 
manual laboratory analysis and statistical inferences, 
since there is no single parameter that defines envi-
ronment quality completely [5]. The laboratory facili-
ties and test are normally quite limited in rural areas. 
In addition, most of the water supply and drainage are 
decentralized and differed distinctly with type of vil-
lages. For instance, in farming villages, pesticides and 
fertilizers are main pollutants; in breeding villages, 
livestock is the major pollution source; in industrial vil-
lages, the dominant pollutants are often related to the 
corresponding industrial production; and in mixed vil-
lages which involve agriculture, breeding, industry, the 
environmental pollutants are usually mixture of differ-
ent kinds of chemicals. These different types of villages 
and pollutants increased the difficulty of water quality 
monitoring in rural areas. Thus, most of rural surface 
water quality monitoring programs just focus on the 
comprehensive conventional parameters, such as pH, 
dissolved oxygen [6], electrical conductivity (EC) and 
oxidation reduction potential (ORP) which are easily 

and quickly tested in situ, and chemical oxygen demand 
(COD), total nitrogen (TN), and total phosphorus (TP) 
which require less laboratory facilities during parame-
ter detection. While can these conventional parameters 
reflect comprehensive status of water quality and direct 
water quality management in rural areas?

The ultimate objective of water quality monitoring, 
evaluation, management is to ensure the safety of water 
environment. Bioanalytical techniques of effect-based 
bioassays which account for the toxic effects of complex 
environmental mixtures could evaluate the safety of 
tested samples directly [7]. To study how much the con-
ventional parameters contribute to biological toxicity 
of surface water in villages, surface water samples were 
collected from six types of Chinese villages, named 
breeding, agricultural, handicraft, industrial, agricul-
tural and breeding, and tourism. In  situ parameters of 
pH, DO, EC, ORP and laboratorial parameters of COD, 
TN,  NO3

−-N,  NO2
−-N,  NH4

+-N, TP, and  PO4
3−-P were 

detected for the collected samples. The luminescent 
bacteria 502 which were reported to be an ideal model 
for acute toxicity evaluation, and closely resemble the 
enzyme activity levels of the current population [6] 
were applied to indicate the safety of water samples in 
the current study. Finally, correlations between acute 
toxicity and water conventional parameters were ana-
lyzed to establish the linkages and contributions of 
each parameter during water quality monitoring.

Methods
Study area
In the current study, 13 study villages located in four 
provinces (Liaoning, Qinghai, Sichuan and Shanghai) 
with representative different geographic characteris-
tics in China. The frequent underground/surface water 
interaction (U/S interaction), alternation of drying 
and wetting (D/W alternation), and freezing–thaw-
ing transition (F/T transition) are typical rural natu-
ral environmental processes in river network regions, 
mountainous regions and cold regions of China, 
respectively. These biogeochemical processes play 
important roles for pollutants transportation, trans-
formation, and source-to-sink patterns of pollutants, 
which may result in variations of hazards in rural envi-
ronments [3]. In each province, 3–4 villages of different 
types were selected for surface water sample collection 
(Fig.  1 and Additional file  1: Table  S1). Each village is 
of medium size locally, no wastewater management sys-
tems have been built with the exception for the villages 
in Shanghai. The backbone industry of study villages 
includes agricultural, industrial, breeding, handicraft 
and tourism.
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In situ parameter determination
The parameters of pH, dissolved oxygen (DO), oxida-
tion–reduction potential (ORP) and electrical conductiv-
ity (EC) were measured in the field by a multiparameter 
water quality monitoring instrument (YSI Professional 
Plus, USA) [8].

Sample collection and storage
Sample collection in this study was conducted between 
July and September 2020. At least three sampling sites 
were set up in each village. A total of 1000 mL water sam-
ple was collected from each sampling site, among which 
500 mL sample was collected and stored in a plastic bot-
tle at -20  °C for conventional parameters detection, and 
the other 500 mL sample were filtrated via 0.45 μm PES 
syringe filter (Jinteng, Tianjin, China) and stored in a 
glass bottle at -20 °C for toxicity evaluation.

Laboratorial parameters analysis
The total nitrogen (TN) was detected by ultravio-
let spectrophotometry with basic potassium persul-
fate [9]. Firstly, 10  mL sample was added with 5  mL 
basic potassium persulfate, and was then digested at 
121  °C for 30  min. After cooling, 1  mL hydrochloric 
acid (HCl:deionized water; v:v = 1:9) was added into the 
solution, following by filling up the solution to 25 mL by 

deionized water. The analysis was done by measuring the 
absorbance of the treated sample at 220 nm and 275 nm, 
and the values was obtained by calculation (A =  A220 
−  2A275).

The nitrate  (NO3
−-N) was measured via sulfamic acid 

spectrophotometric method [10]. Firstly, 5  mL water 
sample was added to a volumetric flask and fixed up to 
50  mL with deionized water, followed by added with 
1 mL hydrochloric acid (1 mol/L). After sufficiently shak-
ing, 0.1  mL sulfamic acid was added into the flask. The 
absorbances at 220  nm and 275  nm were measured by 
spectrophotometer with the sample in a quartz cuvette, 
and the two absorbance values were subtracted to obtain 
A (A =  A220 −  2A275).
N-(1-naphthyl)-2 Ethylenediamine photometric 

method was used to determine the concentration of 
nitrite  (NO2

−-N) in water samples [10]. Briefly, 1 mL of 
water sample was placed in a 50  mL colorimetric tube 
and diluted with deionized water up to 50  mL. After-
wards, 1.0  mL of chromogenic agent containing 0.17  g/
mL phosphoric acid, 40  g/mL p-aminobenzenesulfona-
mide and 2 g/mL N-(1-naphthyl)-ethylenediamine dihy-
drochloride was added to the solution. The solution was 
sufficiently mixed and left to stand for 20  min. Using 
deionized water as reference, the absorbance at 540 nm 
was measured with a cuvette of 10 nm optical path.

Fig. 1 Location of the study area
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The concentration of ammonium  (NH4
+-N) was 

obtained by salicylic acid–hypochlorite spectrophoto-
metric method [6, 11]. Briefly, 5  mL water sample was 
transferred into a 10  mL colorimetric tube, diluted to 
8 mL with deionized water. And then, 1.00 mL chromog-
enic agent (50 g/L salicylic acid, 50 g/L potassium sodium 
tartrate and 1.28 g/L sodium hydroxide) and 2 drops of 
sodium nitrosoferricyanide solution (0.1  g/mL) were 
added into the tube. After sufficiently mixed, 2 drops of 
sodium hypochlorite solution were added into the solu-
tion, and finally the solution was diluted up to 10  mL. 
After standing for 1 h, the absorbance was measured at 
697 nm using a cuvette of 10 nm optical path [11].

The total phosphorus (TP) was analyzed by ammonium 
molybdate spectrophotometric method with potassium 
persulfate as the digestion oxidant [8]. Briefly, 25  mL 
water sample was added into a 50-mL colorimetric tube, 
and then 4 mL of potassium persulfate was added. After 
digestion at 121  °C for 30  min, 1  mL of 10% ascorbic 
acid was added and mixed intensively, followed by add-
ing 2 mL of molybdate solution. After sufficiently mixing 
and then standing for 15 min, the sample was placed in 
a 10-mm cuvette and the absorbance was measured at 
700 nm.

To determine the concentration of phosphate 
 (PO4

3−-P), 10  mL of the sample was placed in a 50-mL 
colorimetric tube, in which 2 mL of ammonium molyb-
date solution and 3.0 mL of ascorbic acid solution were 
added as chromogenic agent, and the solution was 
diluted up to 50  mL with deionized water. After suffi-
ciently mixing and standing for 10 min at room tempera-
ture, the absorbance of sample was measured at 710 nm 
using a cuvette with an optical range of 1 cm and zeroed 
with a blank without the tested solution [8].

The chemical oxygen demand (COD) was determined 
by a colorimetric dosing method using a spectropho-
tometer. Firstly, 1  mL mercury sulfate was added into 
the dry cuvette to shield the  Cl−. Then 2.25 mL of solu-
tion A (concentrated sulfuric acid containing silver sul-
fate, where the concentration of sulfuric acid is 98%, and 
the ratio of silver sulfate to concentrated sulfuric acid is 
10  g:1L), 0.75  mL of solution B (potassium dichromate 
solution with a concentration of 0.167 mol/L) and 2 mL 
of water sample were added to the cuvette in turn, and 
the bottle was tightly capped and shaken sufficiently. 
The COD concentration was determined after digestion 
at 150 °C for 2 h, and then cooled to room temperature. 
The total organic carbon (TOC) concentration was meas-
ured using a TOC analyzer (Shimadzu TOC-L, Japan) 
[12]. Each sample was subjected to at least three paral-
lel independent experiments. Except for TOC, the value 
of each physicochemical parameter was determined by 
finding the concentration value corresponding to the 

absorbance on a standard curve, which was plotted using 
a standard solution with a known concentration gradient. 
The ranges of detection are 0.05–4  mg/L, 0.08–4  mg/L, 
0.003–0.2 mg/L, 0.01–1 mg/L, 0.01–0.6 mg/L and 0.05–
1000 mg/L for TN,  NO3

−-N,  NO2
−-N,  NH4

+-N, TP and 
COD, respectively.

Toxicity evaluation
For the toxicity evaluation, luminescent bacteria 502 was 
utilized. The lyophilized powder of luminescent bacte-
ria was taken out from the − 80  °C and placed at 20  °C 
for 10  min. Then, the recovery medium was added for 
rehydration at 20  °C for 15  min. The luminescent bac-
teria acute toxicity assay protocol was based on the 
method described by Chen et  al.[6]. Toxicity of surface 
water samples were evaluated by measuring the inhibi-
tion of bioluminescence of luminescent bacterial strains. 
The luminescence inhibition assay was performed in test 
tubes using a luminometer (BHP9514, Beijing Hama-
matsu Photon Techniques INC.). For each test, 10 test 
tubes were prepared, eight for different water samples, 
one for negative control (recovery liquid) and one for 
positive control  (ZnSO4·7H2O at 5  mg/L). Sample or 
control liquid (1  mL) was added after pretreated with 
osmotic pressure regulator, and the bacterial suspension 
(50 μL) was added with 10 s intervals. After 15 min expo-
sure of the bacteria to the sample at 20  °C, the relative 
light unit (LU) of luminescent bacterium 502 was meas-
ured. The acute toxicity of the sample on strain 502 was 
expressed as an inhibition ratio, calculated by the follow-
ing formulation [6]:

where  LU0 was the RLU of strain 502 exposed to 
the negative control and LU was the RLU of the sam-
ples. Each test was carried out with three independent 
replicates.

Statistical analysis
Spatial visualization of all data was analyzed based on 
ArcGIS 10.4.1 (ESRI, USA). All the experimental data 
were analyzed by Microsoft Excel™ 2016 and Origin 2019 
(Origin Lab Corporation). One-way analysis of variance 
(ANOVA) was applied for statistically significant dif-
ferences testing. The correlation analysis was run based 
on the R programming language (R Development Core 
Team 2018). Pearson’s correlation analysis was applied to 
reveal the correlation between the acute toxicity of lumi-
nescent bacteria 502 and each conventional parameter 
[6]. Two significance levels of p < 0.05 and p < 0.01 were 
used to define statistical significance.

X% = (1− LU/LU0) × 100,
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Results and discussion
In situ parameters of aquatic environment
The results of in  situ detected parameters are shown in 
Fig.  2. The concentrations of DO in rural surface water 
ranged from 1.40  mg/L to 15.50  mg/L, with the mean 
value of 8.58 mg/L (Fig. 2A). The highest DO concentra-
tion was obtained in an agriculture village in Sichuan, 
and the lowest one was found in a tourist village (SH-
03) in Shanghai. The diverse DO concentrations could 
be related to the different hydrological features as well 
as varied aquatic vegetation patterns in villages [13]. 
Besides, the ORP values in Shanghai were slightly less 
than that in other study sites (Fig. 2B), which may indi-
cate that reductive substances are in the majority in 
Shanghai surface water [14]. We found that the EC 
value in rural surface water amounted from 0.118 mS/
cm to 1.47 mS/cm (Fig. 2C). The highest EC appeared in 
the industrial village in Xining (Qinghai) where is sur-
rounded with metallurgical industry and mineral indus-
try. All the observed pH values were between 7 and 9, 
which means that surface water in China rural areas is 
weak alkaline (Fig. 2D). The pH of the water sample has 
little effect on acute toxicity [15].

Laboratorial parameters of aquatic environment
As can be seen from Fig.  3, the TN,  NO3

−-N,  NO2
−-N 

and  NH4
+-N concentrations of all 13 sites ranged from 

2.37  mg/L to 11.31  mg/L, 0.93  mg/L to 6.96  mg/L, 
0.20  mg/L to 0.04  mg/L, and 0.07  mg/L to 1.11  mg/L, 
respectively. It is noticed that the concentrations of TN 
in all studied areas were beyond the limits (2.0  mg/L) 
for Class V water that specified by GB3838-2002 (envi-
ronmental quality standard for surface water, Additional 
file 1: Table S2) [16], indicating that all of these studied 
surface water cannot be used for agriculture, industry, 
landscape and entertainment [16]. The concentration 
of TN,  NO3

−-N and  NO2
−-N in the site HQ-04 which 

located in an industrial village in Ganhetan, north of 
Lushaer, Huanzhong County, Qinghai Province, was sig-
nificantly higher than that in other sites. The industrial 
village takes smelting, building materials and in particu-
lar chemical industry as the main industries, which could 
be a reason for nitrogen pollution in this area. The lowest 
mean value of TN and  NO3

−-N concentration was found 
in the tourist village (SH-03), which indicates that the 
tourism may contribute less to nitrogen pollution in rural 
areas when compared to agriculture, breeding, handicraft 
and industry. Besides, the highest  NH4

+-N concentration 
was found in the site SH-02 which located in an agricul-
tural village in Shanghai. The possible reason could be 
that the main agricultures in Caijianong village is veg-
etable cultivation, such as cabbage, papaya and lotus 
root. The rapid growth of these vegetables requires a lot 
of nitrogen fertilizers, and more than 95% of synthetic 

Fig. 2 In situ parameters of A dissolved oxygen (DO) concentration, B oxidation–reduction potential (ORP) value, C electrical conductivity (EC) 
value and D pH value in different types of village surface water. Ag.: agricultural village; A.&B.: agriculture and breeding mixed village; Br.: breeding 
village; Ha.: handicraft village; In.: industrial village; To.: tourism village
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nitrogen fertilizers are urea and ammonium nitrogen 
[17]. Concerning the proportions of  NH4

+-N in TN, agri-
cultural villages are significantly higher than industrial 
villages, which give an further evidence for that ammoni-
ated fertilizer is one of most important sources of nitro-
gen pollution in agricultural villages [18].

Figure  4 shows the detected concentrations of TP, 
 PO4

3−-P, COD and TOC in 13 sampling sites. The low-
est TP and  PO4

3−-P were observed in an industrial vil-
lage (SC-02) with the concentration of 0.071  mg/L and 
0.049  mg/L, respectively (Fig.  4A, B). The industry of 
this village is mainly for construction materials and auto 
parts. These results indicate that the industry of construc-
tion materials and auto parts could be less contributing 
to phosphorus pollution [19]. Interestingly, the lowest 
TOC concentration was detected in a breeding village 
(SC-01) with swine as the main farmed specie. The con-
centrations of COD ranged from 26.58 mg/L to 119 mg/L 
in 13 sampling sites (Fig. 4C). Most of these COD con-
centrations exceeded the Class V limits (40.0 mg/L) that 
specified by GB3838-2002, and thus the waters cannot 
be used for agriculture, industry, landscape and enter-
tainment [16]. Significantly, the highest concentrations 
of TP,  PO4

3−-P, COD and TOC were found in the site 
QH-04 (Fig. 4D) which exhibited the highest concentra-
tions of TN,  NO3

−-N and  NO2
−-N. These results dem-

onstrated that smelting, building materials and chemical 
industry could be a vital source of carbon, nitrogen and 

phosphorus pollution [20], which should be of concern 
during environment management and development in 
rural areas.

Toxicity of aquatic environment
To evaluate the toxicity of surface water samples from 
different types of villages, the luminescent bacteria acute 
toxicity test was applied in the current study. Six out of 
48 samples induced significantly toxicity on lumines-
cent bacteria 502, as shown in Fig. 5. The highest inhibi-
tion rate of luminescence intensity was observed in the 
SH-02 of Caijianong which is located at an agricultural 
village in Shanghai. This result indicates that pollution 
from agriculture could be one of important environmen-
tal risk sources, of which the relative high concentrations 
have been found in the surface water in these areas [21]. 
A large number of pesticides such as insecticides, herbi-
cides and fungicides are used in the process of cultivat-
ing crops. Organochlorine pesticides (OCPs) are one of 
the most widely used pesticides [22]. They interfere with 
the membrane transport system of sodium, potassium, 
calcium or chloride ions, thereby inhibiting the selective 
enzymatic activity of chemical transmission at nerve end-
ings [23]. Herbicides can affect photosynthesis, respira-
tion, growth, cell and nuclear division, or protein or lipid 
synthesis processes [24]. Fungicides interfere with fungal 
energy supply processes and inhibit spore germination 
[25, 26]. Except for agricultural pollution, pollutants from 

Fig. 3 The concentration of A total phosphorus (TP), B  NO3
−-N, C  NO2

−-N and D  NH4
+-N in different types of village surface water. Ag.: agricultural 

village; A.&B.: agriculture and breeding mixed village; Br.: breeding village; Ha.: handicraft village; In.: industrial village; To.: tourism village
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tourism should not be ignored, since significant lumi-
nescence inhibition was observed in all tourism water 
samples. With the rapid development of tourism indus-
try, more and more urban residents would like to travel 
to rural villages. Accordingly, lots of domestic wastewa-
ter and household waste were released irregularly, since 

very limited drainage system and refuse collector are 
available in rural villages. These may lead to serious prob-
lems for rural environments. For instance, the West Lake 
in Hangzhou, as one of the most famous tourist city in 
China, carried a large number of visitors and an increas-
ing loads of garbage and domestic sewage. According to 

Fig. 4 The concentration of A total nitrogen (TP), B  PO4
3−-P, C chemical oxygen demand (COD) and D total organic carbon (TOC) in different 

types of village surface water. Ag.: agricultural village; A.&B.: agriculture and breeding mixed village; Br.: breeding village; Ha.: handicraft village; In.: 
industrial village; To.: tourism village

Fig. 5 Luminescent bacterial acute toxicity of surface water in different types of villages. Ag.: agricultural village; A.&B.: agriculture and breeding 
mixed village; Br.: breeding village; Ha.: handicraft village; In.: industrial village; To.: tourism village
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the Tourism Bureau, the comprehensive pollution index 
of West Lake from 2007 to 2018 is on an upward trend, 
and the ecological environment has been significantly 
affected [27]. In addition, a survey of Santa Marta Beach 
in the Colombian Caribbean found a significant increase 
in the amount of litter and microplastics during the 
peak tourist season [28].Tourism in Cyprus (North) also 
increases the amount of local pollutant emissions, which 
leads to environmental degradation [29].

Correlation analysis
The correlation between acute toxicity and each conven-
tional parameter was analyzed by Pearson correlation 

test for the 48 surface water samples from different kinds 
of villages. Significant linkages between acute toxic-
ity effects and conventional parameters were obtained 
(Fig. 6).

In agricultural villages, the acute toxicity effects of sur-
face water were significantly positive correlated with lab-
oratory parameters including  NO2-N− (r = 0.72, p < 0.05), 
 NH4

+-N (r = 0.90, p < 0.05) and  PO4
3−-P (r = 0.68, 

p < 0.05) (Fig.  6A). These results suggest that the acute 
toxicity of surface water from agricultural villages may be 
induced by inorganic nitrogen and phosphorus pollutants 
[30]. In particular, the correlation coefficient for  NH4

+-N 
and acute toxicity was 0.90. This result provided a further 

Fig. 6 Bar graph of correlations between acute toxicity and conventional parameters in A agricultural village surface water, B breeding village 
surface water, C industrial surface water, D tourism village surface water and E agriculture and breeding mixed village surface water. *p < 0.05; 
**p < 0.01. The gray dashed lines were set at correlation coefficient values of 1 and − 1, which means maximum positive and negative correlations, 
respectively
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evidence that ammoniated fertilizer is a hazardous mate-
rial, which has to be taken seriously. In breeding villages, 
except for  NH4

+-N, the current observed conventional 
parameters were negatively correlated with the toxicity of 
surface water (Fig. 6B). These observations indicate that 
the acute toxicity of surface water in the breeding villages 
may not be caused by the conventional parameters. It 
is reported that besides carbon, nitrogen and phospho-
rus, heavy metals and antibiotics which can induce toxic 
effects on aquatic organisms/microorganisms were also 
frequently detected in breeding villages [9]. For instance, 
quinolones, one of widely used antibiotics in livestock 
breeding, can inhibit protein synthesis and interfere 
with DNA replication; erythromycin can restrain photo-
synthesis-related processes, such as electron transport, 
photosynthetic phosphorylation and carbon assimila-
tion [31]; tetracyclines may be related to the inhibition 
of chloroplast metabolism-related pathways, which ulti-
mately affect cell growth by interfering with the func-
tion of photosynthetic organs [32]. Cu causes a decrease 
in  Na+ concentration in fish gill tissue, and affects the 
expression of oxidative stress-related genes such as cata-
lase, glutathione reductase and glutathione S-transferase 
[33]. Zinc can affect the development, sexual maturation 
and reproduction of aquatic organisms by disrupting 
thyroid hormones [34]. Similar results were also found 
in industrial villages (Fig.  6C), which suggested that in 
breeding and industrial villages, the toxicity of surface 
water may not cause by the carbon, nitrogen and phos-
phorus pollution. The main toxic contributors are quite 
difference in diverse industrial fields. In electronic indus-
try, the main toxic contributors could be heavy metals 
[35]. While in the village with dyeing industry as a pillar 
industry, the organic dyes may contribute to the toxicity 
of surface water [36]. In tourism villages, except for TN, 
 NO2

−- N, TP and EC, other conventional parameters are 
negative correlated with the acute toxic effects, while no 
significant correlation was observed. In mixed villages 
which agriculture and breeding are mainstay industry, 
the acute toxicity was significantly correlated with the TP 
and  PO4

3−-P with the coefficient of 0.96 and 0.99, respec-
tively. The possible reason could be that both agricultural 
production and livestock breeding can produce lots of 
phosphorus pollutants [37]. It is noticed that positive 
correlation was obtained for  NH4

+- N and acute toxic-
ity in agriculture villages, breeding villages and industrial 
villages, which further proved that  NH4

+- N is a serious 
problem in rural areas.

Conclusions
The surface water involved in the hydrological cycle is 
the basis for many human uses. In rural areas, pollut-
ants induced great variation in surface water quality may 

lead to serious problems for aquatic ecosystem and even 
human health. Our study found that  NH4

+-N could con-
tribute to the acute toxicity in most of villages, and the 
harmful influence of ammoniated fertilizer should be 
taken seriously. In agricultural villages, classical water 
quality parameters of  NO2

−-N,  NH4
+-N and  PO4

3−-P 
could contribute to the toxicity of surface water, while no 
significant correlation was observed between acute toxic-
ity and conventional parameters in industrial villages and 
tourism villages. These results indicate that environmen-
tal monitoring programs focus just on the classical con-
ventional parameters is far from enough, since the main 
toxic contributors are quite different in diverse villages. 
More toxic parameters could be added and seasonal vari-
ations should be taken into consideration in further mon-
itoring programs during environmental management to 
assess the safety of water quality directly. The outcomes 
of the present study contribute to demonstrate the per-
formance and usefulness of bioanalytical techniques for 
water quality assessment. These efforts provide the sci-
entific underpinnings and regulatory reference for deri-
vation of environmental quality standards. These works, 
combined with long-term monitoring data, could provide 
scientific underpinnings and regulatory reference for 
derivation of environmental quality standards, and thus 
contribute to environmental management in rural areas 
around the world.
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