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Abstract

:

The pollution of water bodies by nutrients and heavy metals can lead to a loss of biodiversity, environmental degradation, and harm to human health. During the two-month monitoring period (e.g., December 2019 to January 2020), variables such as trace metals (e.g., Cu, Zn, As, and Cr), nutrients (e.g., NH4+-N, TN, and TP), water temperature, pH value, dissolved oxygen (DO), chemical oxygen demand (COD) and five-day biochemical oxygen demand (BOD5) were measured at 102 monitoring points in the main stream and tributaries of the Ganjiang River in the Poyang Lake Basin. A variety of multivariate statistical techniques, including cluster analysis (CA), principal component analysis (PCA), and correlation analysis, were used to conduct risk assessments and source analyses of the nutrient elements and heavy metals in the Ganjiang River system. The results show that although the Ganjiang River Basin is polluted by human activities, its water chemistry characteristics and trace metal and nutrient elements concentrations were better than the national standards. Through principal component analysis, the water pollution sources could be divided into urban sewage, agricultural activities, industrial activities, and the sources of industrial activities and transportation activities. The comprehensive risks of noncarcinogens (Hc) and comprehensive risks of carcinogens (Rc) for adults and children due to drinking water indicated that the risk from drinking water for the children in the basin was greater than that for adults, and that the Hc for adults and children was acceptable. However, the Rc for adults and children was slightly higher than the acceptable values. This study provides a reference for the fine control of the environmental water pollution sources in the Ganjiang river basin and health risk assessments in the basin, which are of great significance for improving the environmental water quality standards in the river basin and for reducing the risk of carcinogenesis.
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1. Introduction


With the continuous development of human society, especially the various impacts that are brought by population growth and economic development, the various indicators of water quality in the natural environment continue to deteriorate [1]. Water is polluted by human activities (e.g., industrial pollution, pesticides and fertilizers, and direct sewage discharges) and by natural sources (e.g., volcanism, bedrock erosion, atmospheric migration, and plant release) [2]. The heavy metals that are introduced by industrial pollution due to human activities have an important impact on the biogeochemical cycle [3]. Because the heavy metals contained in these waters accumulate in higher organisms through the food chain, they will indirectly cause serious harm to human health, and a loss of biodiversity will pose a very large threat to the water environment [4]. Poyang Lake is the largest freshwater lake in China, with rich biodiversity. The results showed that the N and P contents in the Poyang Lake waters increased, slowly developed, and trended toward eutrophication [5]. With the drainage from mineral exploitation and metal smelting wastewater, development of industry and agriculture, and expansion of urbanization, the lake area exhibits different degrees of heavy metal pollution [6]. The Ganjiang River is the largest tributary of Poyang Lake. According to the reports, in the water body of Poyang Lake, the Pb, Zn, Cu, Ni, As, and Cd contents from the Ganjiang River accounted for 75.4, 56.8, 47.3, 30.6, 25.5, and 23.2%, respectively [7,8].



To better understand the water quality and ecological health of the basin, multivariate analyses and statistics have been widely used to determine the water’s chemical characteristics, nutrient elements, trace heavy metal sources, and health risks [9], such as cluster analysis (CA), principal component analysis (PCA), factor analysis (FA), analysis of variance (ANOVA), and correlation analysis. Cluster analysis (CA) is a method to classify or cluster samples based on the similarities of samples and differences between different samples [10]. Factor and principal component analysis (FA/PCA) has been widely used for spatial and temporal characterizations and is valuable for determining the sources of heavy metals [11,12,13].



The human health risks that are caused by long-term exposure to heavy metals in rivers cannot be ignored. After quantitatively determining the pollution source, it was more important to quantify the health risks from each type of pollution source to the residents in the study area. A study of the spatial variations in the heavy metals and nutrients in water bodies could reflect their anthropogenic sources and geological activities [14]. Although there are reports on the source identifications and risk assessments of heavy metals in the environment, the relationship between pollution sources and health risks is lacking.



Although there are relevant studies on the characteristics of water eutrophication, heavy metal pollution, and health risk assessments of the Ganjiang River, they are limited to parts of the main stream of the Ganjiang River or individual tributaries [15]. The evaluations of heavy metals were limited and lacked a comprehensive analysis of the entire Ganjiang River Basin, including the upper, middle, and lower reaches and the related main tributaries. The Jinjiang River, Yuanshui River, Lushui River, Heshui River, Shangyou River, Zhangshui River, Enjiang River, Gujiang River, Taojiang River, Meijiang River, and other tributaries around the Ganjiang River Basin have important impacts on the local area. There are many nonferrous metals and rare earth minerals in the upper reaches of the Ganjiang River [16]. At the same time, the Ganjiang River also flows through important navel orange planting areas in China. In the middle reaches, it flows through rice planting areas. In the lower reaches, it passes through Yichun, Xinyu, Nanchang, and other major cities. Many tributaries are rich in coal and iron ore resources [17].



Therefore, it is of important and substantial significance to carry out research on the characteristics of the environmental water pollution in the Ganjiang River Basin and its pollution sources and risk assessments. Identifying the pollution sources of the metal elements in the Ganjiang River Basin and the contribution rates of the pollution sources are the basis for pollution prevention and control. The aim of this study was to understand the distribution characteristics, sources, and potential health risks of nutrient elements and heavy metals in the entire section of the Ganjiang River and its tributary networks. It can provide references for the study of water pollution in the Poyang Lake Eco-economic Zone and for the management and supervision of heavy metals, as well as for other lakes with respect to heavy metals. The monitoring network and quality control provide a theoretical basis.




2. Materials and Methods


2.1. Study Area


The Ganjiang River is located in Jiangxi Province in southern China. It originates from the Wuyi Mountain area at the junction of Fujian and Jiangxi. It starts in Shicheng County and has a total length of 823 kilometers [18]. The Ganjiang River Basin has a total area of 82,890 square kilometers and affects as many as 18 million people. It has a subtropical monsoon humid climate with an average annual rainfall of 1580 mm, and its runoff accounts for approximately 46.6% of the total runoff of the Poyang Lake water system. The Ganjiang River Basin plays an important role for local residents and is the main water source for the various needs of local residents, being mainly used for farmland irrigation. Ganzhou City and Xingan County divide the Ganjiang River into the upper, middle, and lower reaches. The upper reaches of Ganzhou are located upstream, the middle reaches run from Ganzhou to Xingan County, and the downstream reaches run from Xingan County to Poyang Lake [15].



The landforms of the Ganjiang River Basin are mainly mountainous and hilly and are distributed in a ladder shape along the flow direction of the Ganjiang River from south to north. The mountainous and hilly areas in the upper reaches of the Ganjiang River Basin account for 83% of the total area, low hilly land accounts for 15.6%, and plains account for only 1.5%. The area of mountainous hills in the middle reaches accounts for 56.7%, low hills and mounds account for 38.1%, and plains account for 5.2%. In the lower reaches, the area of mountainous hills accounts for 37%, the area of low hills and mounds accounts for 55.9%, and the plains account for 7%. The upper reaches of the basin are mainly composed of clastic and magmatic rocks. The middle reaches mainly consist of clastic rocks, and the lower reaches mainly consist of metamorphic and clastic rocks. Forestry and agriculture are the main activities in the basin. However, with the rapid development of railways and highways, the communications between the middle and upper reaches of the basin have improved, which has greatly promoted the economic development of the Ganjiang Basin. In particular, the mineral resources in the Ganjiang River Basin are extremely characteristic. Large quantities of rare earth and tungsten ores are distributed in the upper reaches of the southern region, while the minerals in the middle reaches are less distributed. In the lower reaches of the north, there are concentrations of coal and rare metals (Figure 1).




2.2. Sample Collection


From December 2019 to January 2020, 102 sampling points were defined in the main tributaries and main streams of the Ganjiang River Basin (Figure 1). In order to shorten the sampling time span, the research points were divided into 8 groups, and 8 sampling teams started collecting at the same time. Samples were collected at each sampling point for three consecutive days. The sampling method was in accordance with the previous research [19]. All samples were collected using polythene plastic samplers placed 0.5 m underwater to collect clear water samples. The sample bottles with polythene plastic were washed with 2 N HCl solution and 18.2 MΩ cm Milli-Q water before use. The collected water samples were divided into three parts. One part was used to determine the nutrient element parameters. After a sample was moved to the laboratory for 24 h, the supernatant was taken to determine the total nitrogen (TN), ammonia nitrogen (NH4+-N), total phosphorus (TP), and chemical oxygen demand (COD). A second portion was used to determine the five-day biochemical oxygen demand (BOD5). The remaining portion was acidified with nitric acid and was used to determine the heavy metal contents. The temperature (T), pH, and dissolved oxygen (DO) values of the river water were measured on-site. The 5-day biochemical oxygen demand (BOD5) was measured after incubation at 20 ± 1 °C for 5 days by using a YSI portable water quality analyzer (YSI Pro1020, Yellow Springs Instrument Company(YSI Inc.) Ohio, USA) with an error of 0.01. The solubility of TN was determined by alkaline potassium persulfate digestion and UV spectrophotometry. NH4+-N was measured by Nessler’s colorimetric spectrophotometry, and the solubility of TP was measured by ammonium molybdate spectrophotometry. The analysis accuracies were better than ±5%. The CODs were measured with the dichromate method (GH5B-3C, China COD Analyzer), and the analysis accuracy was better than ±5%. The heavy metal elements in the samples were measured by using inductively coupled plasma mass spectrometry (NexION300) at the State Key Laboratory of Hydrology, Water Resources and Hydraulic Engineering, Hohai University. The reproducibility of the measurements was good, and the relative standard deviation (RSD) was ±5%. The mercury, cadmium, and lead content was very low for some sites and ND for the rest of the sites. Therefore, this paper only analyses Cr, Cu, As, and Zn.



The 7th and 81st sampling points of this sampling were discarded due to excessive deviations. The remaining 100 points are valid points. Among these, there were a total of 12 sampling points (e.g., 1, 2, 3, 4, 5, 6, 8, 9, 10, 11, 12, and 30) in the upper stream of the Ganjiang River; 10 sampling points (e.g., 13, 14, 15, 16, 17, 18, 19, 20, 21, and 101) in the middle reaches of the main stream of the Ganjiang River; 3 sampling points (e.g., 102, 22, and 23) located downstream of the main stream of the Ganjiang River; and 25 sampling points in the main stream of the Ganjiang River.



The Ganjiang tributaries that were included in the study included Taojiang (e.g., 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, and 45) with 12 sampling points; Zhangshui (e.g., 46, 47, 48, 49, and 50) with a total of 5 sampling points; Shangyoujiang (e.g., 51, 52, 53, 54, 55, 56, 57, and 58) with 8 sampling points; Heshui (e.g., 64, 65, 66, 67, 68, 69, 70, and 71) with 8 sampling points; Lushui (e.g., 72, 73, 74, 75, and 76) with 5 sampling points; Yuanshui (e.g., 82, 83, 84, 85, 86, 87, 88, and 89) with 8 sampling points; Jinjiang (e.g., 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, and 100) with 11 sampling points; Enjing(e.g., 77, 78, 79, and 80) with 4 points; and there were 5 sampling points in Gujiang (e.g., 59, 60, 61, 62, and 63); and 9 sampling points in Meijiang (e.g., 24, 25, 26, 27, 28, 29, 31, 32, and 33). All samples were carefully standardized, and blank samples and repeated sample measurements were used to ensure the quality of the analyzed data. The chemical compositions of the river water vary with the sampling locations, and box diagrams were used to represent the characteristics and chemical elements variations of the river water.




2.3. Nemiro Comprehensive Pollution Index Method


The Nemiro comprehensive pollution index method is commonly used and is a representative water heavy metal evaluation method.



Single-factor pollution index:


   P i  =  C i  /  S i  .    











Multi-factor comprehensive pollution index:


   P n  =     max    (   P i   )   2  +    (   P i   )   2   2    .    











In the formula, Ci is the actual measured concentration of heavy metal i and Si is the corresponding water quality standard, while the surface water environmental quality standard (GB3838-2002) is used as the reference water quality standard, and max(Pi) refers to the single factor pollution index of a heavy metal. Ave(Pi) is the average value single factor pollution index of each heavy metal. The evaluation criteria for potential pollution due to heavy metals are shown in Table A1.




2.4. Statistical Analysis


The principal component analysis (PCA) and factor analysis (FA) methods were used to determine the possible pollution sources in the Ganjiang River Basin. Cluster analysis (CA) was used to measure the similarities among samples for classification or clustering. SPSS 20.0 (IBM) software was used to perform statistical processing of the results.





3. Results and Discussion


3.1. Element Discrete Analysis


As shown in Figure 2, the DO, COD, and BOD5 contents in the Ganjiang River Basin exhibit a wide range of changes, which are reflected in the large values of the standard deviations. The contents of the nutrient element TP were low and discrete. The contents of Cu in the heavy metal trace elements show large dispersion and fluctuations, while the contents of the heavy metal As were almost negligible. These results show that different locations in the Ganjiang River Basin were affected by varying degrees of human activities and mining industry activities, which have resulted in large spatial variations in the water chemistry values and Cu contents.




3.2. Nutrient Element and Metal Element Characteristics in the Ganjiang River Basin


The pH values of the main stream in the Ganjiang River Basin range from 6.40 to 7.67, with an average of 7.12 (Table 1). The pH values of the Ganjiang tributaries ranged between 6.69–7.13, with an average value of 6.93 (Table A2), which were within the limits proposed by the World Health Organization (WHO) (pH: 6.5–8.5) [20]. These results indicated that the ranges of the pH changes along the tributaries of the Ganjiang River were relatively small, which may be related to the different landscape backgrounds and geological conditions along the tributaries of the Ganjiang River. The river water mainly comes from rainwater and is affected by the actions of water and rock and by the discharges of wastewater and sewage from human activities in the runoff process. Therefore, the main influencing factors for the river pH levels are atmospheric precipitation, rock dissolution, and human inputs [21].



The minimum pH value for the Ganjiang tributary was 6.03, which was lower than the standard limit for pH values of 6.5–8.5 [20]. The average pH value of the Ganjiang tributaries was lower than that of the main stream of the Ganjiang River. The low pH levels in this area may be due to the high organic contents in this area, such as industrial wastewater [22] and acid rain [23]. According to reports, the rainwater in the Ganjiang River Basin has relatively high acidity in winter and spring, and the sulfur in the rainwater is mainly derived from man-made sulfur [24].



The DO, COD, and BOD values reflect the degree of pollution of water bodies and are a comprehensive indicator of the relative organic matter content and are an important indicator for complete pollution control and water environmental management [25]. The dissolved oxygen (DO) concentrations in the upper reaches of the Ganjiang River ranged between 4.10–9.06 mg L−1, with an average value of 7.03 mg L−1. The DO concentrations in the middle and downstream reaches were between 6.52 and 8.13 mg L−1 and 6.25–7.48 mg L−1, with average values of 7.07 mg L−1 and 6.95 mg L−1, respectively (Table 1). The average DO level of the Ganjiang tributaries was 6.60 mg L−1 (Table A2). The COD concentrations in the Ganjiang River Basin ranged from 6.19 mg L−1 to 20.79 mg L−1, with an average of 10.34 mg L−1. The average COD concentration in the tributaries was 9.32 mg L−1 (Table 1 and Table A2). The BOD5 concentrations in the main stream and tributaries of the Ganjiang River were 0.93–4.33 mg L−1 and 0–3.63 mg L−1, respectively, with averages of 2.31 mg L−1 and 1.63 mg L−1, respectively. The COD and BOD5 concentrations in the main stream basin of the Ganjiang River were higher in the upper and lower reaches, while the areas with higher COD and BOD5 concentrations in the tributary basins were located in Taojiang, Shangyoujiang, Jinjiang, and Gujiang (Figure 3 and Table A2).



From the perspective of the entire Ganjiang River Basin, its hydrochemical characteristics may be related to the existence of many nonferrous metal mines, rare earth mines, and related metal industries in the upper reaches of the Ganjiang River [16]. In the middle and lower reaches of the Ganjiang River, there are large tracts of farmland [26], to which large amounts of pesticides were applied. These factors have caused the sewage to contain large amounts of organic matter and microorganisms. Table A2 shows that the pH value, COD, and BOD5 of the Ganjiang River Basin did not exceed the values of the pollution limits, and they were all within the drinking water quality standards of China (GB5749-2006) and WHO. The dissolved oxygen (DO) concentrations were generally higher than the drinking water quality standards of China (GB5749-2006) and WHO in both the main stream and tributary streams.



The Cu and Zn concentrations first increased and then decreased from upstream to downstream, while the Cr concentrations instead show a downward trend in the main stream. The Cu and Zn concentrations increased abnormally in the S11 Youzhen River and S15 Suichuan River, and the Zn concentrations also increased abnormally in the S23 Xiaojiang River. This may be due to the influx of sewage from the tributaries, with the main stream being directly affected by human activities or the impact of the rare earth mines around the S11 Youzhen River (Figure 1 and Figure 4). Studies have shown that the heavy metal contents in rivers are related to the geological conditions, which mainly involve the weathering of soil and minerals [27]. By comparsion with the drinking water guidelines that were issued by the WHO, China, and the USEPA [28], the highest Cu, Zn, As, and Cr concentrations in the Ganjiang River Basin found in our study were all below the guidelines (Table 1). These results indicate that the trace element concentrations in the Ganjiang River waters were not high, which may be due to the dilution effects caused by floods or precipitation in the monsoon season [7,29]. Wan et al. (2020) reported that the water flow in the Ganjiang river basin is affected by temperature and the East Asian monsoon, controlled by solar activity. Flooding in the Ganjiang river may be related to strong solar activity and monsoon failure. According to the statistics, the once-in-a-century flood discharge of the Ganjiang river can reach 1031 × 108 cubic meters, and the flood standard of the 1000 year return period can reach 1188 × 108 m3 [30]. The average annual flow of the Ganjiang River is 2130 m3 s−1 [31].



It was reported that industrial wastewater and sewage are the causes of the high trace elements levels in certain areas of the Ganjiang River Basin [32]. Therefore, natural processes and human activities are the main reasons that are necessary to control the trace elements levels in Ganjiang.



The coefficient of variation (CV) is defined as the ratio of the standard deviation to its average value, which can reflect the degrees of dispersion of the spatial distributions of different heavy metals and the wide range of changes in the physical and chemical properties of the samples. When CV < 0.15, this represents weak variability; when 0.15 ≤ CV < 0.36, this indicates medium variability; and when CV ≥ 0.36, this indicates high variability [33]. Table 1 shows that the pH values for the upper, middle, lower reaches and tributaries of the Ganjiang River Basin are slightly variable. Except for the moderate variations in the DO contents in the upper reaches, the variations in the other basins were slight, with small spatial fluctuations. The COD and BOD5 concentrations in the midstream and downstream were smaller than those of the upstream section and tributaries, which indicated that the influencing factors for COD and BOD5 in the midstream and downstream areas were relatively single. The three major nutrient elements in the main stream and tributary basins of the Ganjiang River all exhibit large variations, and the coefficients of variation are very close, with large spatial fluctuations. These results indicate that the sources of NH4+-N, TP, and TN were complex. The coefficients of variation for Cu, Zn, Cr, and As in the Ganjiang River Basin were all greater than 1, which represent strong variability and indicate that the sources were complex and were affected by the basin background and human activities. This result may be related to the uneven distributions of many minerals (e.g., tungsten ore, rare earth ores, and anthracite) in the basin (Figure 1).



As shown in Figure 5, the NH4+-N, TP, and TN concentrations in the main stream of the Ganjiang River vary from 0.03–1.67 mg L−1, 0.06–0.39 mg L−1, and 0.19–1.96 mg L−1, respectively. The average NH4+-N, TP, and TN values in the main stream of the Ganjiang River (Table 1) were 0.44 mg L−1, 0.13 mg L−1, and 0.62 mg L−1, respectively. The average NH4+-N, TP, and TN values in the tributaries of the Ganjiang River were 0.42 mg L−1, 0.09 mg L−1 and 0.63 mg L−1, respectively. The nitrogen and phosphorus that is present in the water bodies comes mainly from farmland water, urban wastewater, and groundwater [34]. The chemical forms and migration abilities of heavy metals are closely related to the activity of NH4+ in the water environment [35]. The greater the NH4+ content in water is, the easier it is to cause pollution by heavy metal regeneration.



The average values of the three major nutrients in the main stream and tributaries of the Ganjiang River were very close to each other. The ammonia nitrogen, total phosphorus, and total nitrogen concentrations in the main stream basin of the Ganjiang River were all lower than the national drinking water category III standard and the limiting values of the WHO water quality standard. Among the tributaries of the Ganjiang River, only the total phosphorus content of the Jinjiang River was slightly higher than the national drinking water category III and WHO water quality standards, while the other tributaries did not exceed the standard. This result could be because Jinjiang is located in the lower reaches of the Ganjiang River, where there are large tracts of farmland, which may be affected by the phosphate fertilizer introduced by agricultural activities, which caused the TP contents to exceed the standard [26].




3.3. Water Environment Health Risk Assessment of the Ganjiang River Basin


The water environment health risk assessment model can quantitatively describe the risk of river heavy metals that cause harm to the human body. The heavy metals Cd, As, and Cr measured in this study are carcinogens, and Cu, Zn are noncarcinogens. The health risk assessment model of chemical carcinogens ingested through drinking water is:


   R i  =  [  1 − exp  (  −  D i   q i   )   ]  / 74 .    










   R c  =  a  i = 1  k   R i  .    











In the formula, Ri is the average annual personal carcinogenic risk of chemical carcinogen i, Di is the average daily exposure dose per unit weight of carcinogen i obtained from drinking water (mg/(kg×d)), and qi (Table A3) represents the carcinogenic intensity coefficient of chemical carcinogen i due to intake through drinking water (mg/(kg×d)), 74 is the average lifespan of the population of Jiangxi Province, and Rc is the combined risk of k carcinogens due to drinking water.



The carcinogenic risk assessment model of the nonchemical substances ingested through drinking water is:


   H i  =  (     D i    R F  D i     )  ×     10   – 6     74   .    










   H C  =   ∑   i = 1  k   H i  .    











In the formula, Hi is the noncarcinogenic substance i per capita carcinogenic risk due to drinking water ingestion, RFDi (Table A3) is the average daily exposure dose per unit body weight for noncarcinogen i through ingestion of drinking water (mg/(kg×d)), and Hc is the combined risk of k noncarcinogens that is caused by drinking water consumption.



Where Di is expressed as:


       D i  =   2.2  C i    64.3  (  a d u l t  )           D i  =   1.0  C i    22.9  (  a d u l t  )         











In the formula, 2.2 and 1.0 are the average daily water consumption levels for adults and children (L), respectively; Ci is the mass concentration of heavy metals (mg L−1); 64.3 and 22.9 are the average weights of adults and 7-year-old children, respectively (kg).



The overall health risk calculation formula is:


   R  t o t a l   =  R c  +  H c  .    











The Nemiro comprehensive pollution index determines the degree of heavy metal pollution at sampling points by calculating the single and comprehensive pollution indices of heavy metals. The health risk assessments of areas that are polluted by multiple elements are usually very complex and are affected by many factors, such as topography, organic matter, hydrological conditions, and the interactions among multiple elements at each sampling point [36]. Table A4 shows that the comprehensive pollution indices, Pn, of the upper, middle, lower reaches and tributaries of the Ganjiang River were less than 1. A health risk assessment model for the Ganjiang River Basin was established. The results suggested that the average annual personal comprehensive risk (Hc) of adults and children caused by noncarcinogenic heavy metals was between 0.01 × 10−9~8.08 × 10−9 and 0.01 × 10−9~10.31 × 10−9, respectively (Table 2). Since the per capita carcinogenic risk limit was 1 × 10−6, this indicates that both adults and children were at an acceptable level of risk. The overall carcinogenic risks (Rc) for adults and children that were caused by carcinogenic heavy metals were between 45.73 × 10−6~182.22 × 10−6 and 58.30 × 10−6~231.46 × 10−6, respectively, which exceeded the acceptable risk limits. This shows that the R values were mainly related to carcinogenic heavy metals; that is, the health risks at each sampling point were mainly derived from the carcinogenic heavy metals Cr and As.



As seen in Table 2, the total risks from the noncarcinogenic and carcinogenic heavy metals increased simultaneously, which further verified that the enrichment levels of the carcinogenic heavy metals and noncarcinogenic heavy metals at the same sampling point were similar. The total noncarcinogenic risk and total carcinogenic risk for adults at all sampling points were lower than those for children, which indicated that heavy metal pollution poses a greater threat to the health of children due to drinking water (Table 2). This is consistent with the research results of other scholars [3]. This may be because growing children are more sensitive to heavy metals and are more vulnerable than adults. In addition, the higher respiratory rates, stronger gastrointestinal absorption capacities, and some behavioral habits (e.g., hand-to-mouth contact) of children lead to higher exposure sensitivities per unit weight [37,38].




3.4. Multivariate Statistical Analysis of Trace Elements


3.4.1. Principal Component Analysis


Principal component analysis (PCA), as a statistical technique, has been well developed over many years of practical applications. It was used to identify the different elements of the group members that are related to each other in the watershed, so it can be determined whether these elements have similar behaviors and common sources [39,40,41]. Table 3 shows the dataset of the measured elements and the PCA loadings that were obtained by normalized rotation using the maximum variance method. The KMO value was 0.592, and the significance of Bartlett’s sphericity test was less than 0.001, which showed that PCA was appropriate for this study [42]. Four principal components (PCs) (characteristic value > 1) were extracted, which explained 61.37% of the total variance in the element concentration dataset (Table 3) and explained 4 possible sources of the water chemistry values of 12 components, including T, Ph, DO, COD, BOD5, NH4+-N, TN, TP, Cu, Zn, As, and Cr. The first component (PC1) accounts for 21.83% of the total variance, in which there was moderate positive loading (>0.50) from BOD5, TN, and Cr and medium loading from the temperature T. Moreover, BOD5, TN, and Cr are significantly positively correlated at p < 0.01 (Table A5), which further verifies that the BOD5, TN, and Cr came from the same source. Although PC1 contains Cr, it does not exceed the China (GB5749-2006) and WHO drinking water quality standards. Urban sewage is also one of the important sources of Cr [43,44], so PC1 represents the urban sewage source.



The second component (PC2) accounted for 17.93% of the total variance. Among them, COD, NH4+-N, and TN were moderately positively loaded, pH was moderately negatively loaded, and DO was strongly negatively loaded (absolute value > 0.70). While COD, NH4+-N, and TN indicated significant positive correlations at p < 0.01 (Table A5), DO and COD, NH4+-N, and TN indicated significant negative correlations at p < 0.01, which verified that the COD, NH4+-N, and TN came from the same source. Following the extensive use of chemical fertilizers and pesticides, the residues were carried by storm runoff and flowed into the river to cause pollution. NH4+-N and TN are considered to be the main sources from agricultural activities [45], so PC2 represents the sources from agricultural activities. The third component (PC3) accounted for 12.20% of the total variance and had a strong positive load for Cu and Zn. Cu and Zn showed a significant positive correlation when p < 0.01 (Table A5), which verified that the Cu and Zn came from the same source. Cu and Zn often exist as companions and are affected by the affairs of people. Cu and Zn mainly come from the influences of industrial activities such as mining, smelting, and processing [46], so PC3 represents the industrial activity source. Similar research results indicate that the increased concentrations of chromium, copper, and zinc pollution in the river water may be caused by electroplating wastewater and are caused by industrial pollution [47]. It was reported that in the commercial manufactures of electroplating and galvanizing, the discharged wastewaters contain large amounts of heavy metals, such as Zn, Cu, and Cr [48].



The fourth component accounted for 9.40% of the total variance and had a strong positive load on As. As mainly comes from urban and industrial activities, such as energy production, mining, metal smelting and refining, and manufacturing processes, and automobile exhaust and waste incineration [49,50,51]. Therefore, PC4 represents the source due to industrial and transportation activities.




3.4.2. Cluster Analysis


Cluster analysis (CA) is an evaluation technique that can classify groups with similarities based on variable homogeneity and can identify the similarities among individuals contained in the same cluster and the differences among individuals in different clusters [52]. To classify the homogeneous clusters, hierarchical analysis was carried out sequentially. Then, the Euclidean distance method was used to calculate the distances between clusters, and Ward’s method was used to analyze the clusters [53]. By using cluster analysis (CA) to generate a dendrogram (Figure 6), the Ganjiang River Basin was divided into four statistically significant clusters (Figure 7). Among them, 15% of the sampling points of CA1 (12, 13, 14, 16, 17, 18, 19, 20, 31, 59, 72, 74, 76, 82, 94) were in the area and were mainly located in Lushui and the middle reaches of the main stream of the Ganjiang River (Figure 1). In CA2 (1, 4, 5, 8, 10, 21, 23, 24, 25, 28, 29, 30, 32, 33, 34, 35, 36, 39, 40, 43, 45, 47, 50, 51, 52, 53, 54, 55, 56, 57, 58, 60, 61, 62, 63, 64, 65, 66, 68, 69, 83, 85, 86, 88, 89, 90, 92, 98, 101, and 102), 50% of the sampling points were in same the region and were mainly located in the upper and lower reaches of the Ganjiang River and tributaries of the Ganjiang River (e.g., Taojiang, Yuanshui, Meijiang, Heshui, Shangyoujiang, Gujiang, Zhangshui) (Figure 1). In CA3 (6, 9, 26, 27, 44, 46, 48, 67, 70, 71, 73, 75, 77, 78, 79, 80, 84, 87, 91, 93, 97, and 99), 22% of the sampling points were located in the same area and were located mainly in Jinjiang, Zhangshui, and Enjiang (Figure 1). CA4 (2, 3, 11, 15, 22, 37, 38, 41, 42, 49, 95, 96, and 100) had 13% sampling points in the same area, which were mainly distributed in Taojiang, Jinjiang, and Ganjiang upstream of the main stream (Figure 1 and Figure 6). These results were very similar to the clustering results of the PCA. This result proves the validity of the principal component analysis results.



The contents of heavy metals and nutrient elements that were measured in CA1, CA2, and CA3 in the four clusters were much smaller than those in CA4 and were better than the national quality standards (Table 4). In CA1, CA2, and CA3, a total of 87% of the sampling points were in the same areas, which included the main stream of the Ganjiang River and all of its tributaries and indicated that the overall water quality of the Ganjiang River Basin was good. In the four clusters, the averages of the COD, BOD5, NH4+-N, TP, TN, Cu, and Cr contents in CA4 were the highest, which were 15.08 mg L−1, 2.45 mg L−1, 1.25 mg L−1, 0.21 mg L−1, 1.45 mg L−1, 86.92 μg L−1 and 12μg L−1, respectively. These results indicate that the pollution in some areas of the Ganjiang River Basin was affected by mineral processing and agricultural activities. The related agricultural activities include aquatic products and agricultural products, such as antifouling coatings, fishing nets, and agrochemicals [54]. At present, China’s agricultural nonpoint source prevention and control still lack perfect regulatory policies. Therefore, it is necessary to accelerate the establishment of monitoring and management systems for chemical inputs such as chemical fertilizers and pesticides [3].




3.4.3. Correlation Matrix


The relationships among trace elements can provide a reliable source and pathway information. The correlations among the measured water chemistry characteristics, nutrient elements, and heavy metal elements in the Ganjiang River Basin are shown in Table A5. The correlation matrix shows that there were some significant positive correlations between the selected measured values. For example, pH-DO, TP-Cr, and Cu-Cr showed significant positive correlations at p < 0.05 and T-COD. T-TP and pH-NH4+-N showed a significant negative correlation at p < 0.05. COD-BOD5, COD-NH4+-N, COD-TN, BOD5-NH4+-N, BOD5-TN, BOD5-Cu, BOD5-Cr, NH4+-N-TP, NH4+-N-TN, NH4+-N-Cu, NH4+-N-Cr, TP-TN, TP-Cu, TN-Cu, TN-Cr, and Cu-Zn were significantly positively correlated at p < 0.01, and T-COD, T-NH4+-N, T-TN, pH-COD, DO-COD, DO-NH4+-N, and DO-TN showed significant negative correlations when p < 0.01. If the correlation coefficients between the measured elements were positive, it could be preliminarily inferred that these measured values have common, interdependent, and the same behaviors during the transmission process or were affected by the same elements [55,56]. The observed correlation matrix supports the PCA results regarding the relationships among the hydrochemical eigenvalues, nutrient elements, and heavy metals in the Ganjiang River Basin.




3.4.4. Source Identification of Heavy Metals and Nutrient Elements


As shown in Table 4 and Table A5, in component 1, BOD5, TN, and Cr had moderate positive loads, and T had medium loads, which had a strong correlation. T had no positive correlations with BOD5, TN, or Cr, while BOD5 and TN were considered to be the main sources of urban wastewater discharges and agricultural pollution. Agricultural fertilizers and urban sewage are also important sources of Cr [57]. Therefore, component 1 mainly represents agricultural and municipal pollution. The excessive use of pesticides and fertilizers bring many heavy metals to river and water environments, which threaten the health of nearby residents [3].



In component 2, COD, NH4+-N, and TN had moderate positive loads, pH had a medium negative load, and DO had a strong negative load. COD, NH4+-N, and TN had strong correlations, while pH and COD, and DO and COD had strong negative correlations. These correlations and principal component loads reflect the influence of COD by NH4+-N and TN.



In component 3, Cu and Zn had strong positive loads and a strong correlation. Cu mainly comes from urban and industrial activities, such as the mining activities in the upper reaches of the Ganjiang River [50], while Zn mainly comes from urban sewage. Both of these results indicate that the mining industry in the Ganjiang River Basin caused Cu and Zn pollution [58].



In component 4, As had strong positive loads, but there were no elements related to As, which indicates that As was not consistent with the other elements. The emission and pollution types of heavy metals in different rivers are different. The research results show that the discharges of heavy metals from the Minjiang River are related to the types of sediments and hydrological characteristics [59].






4. Conclusions


By monitoring and evaluating the heavy metals and nutrients in the Ganjiang River system in the Poyang Lake Basin, the results showed that the Ganjiang River Basin was mostly pollution-free, but there were strong spatial variations among the different tributaries and the upper, middle, and lower reaches of the Ganjiang River. The risk assessment and identification of water qualities and sources in the Ganjiang River Basin were studied by multivariate statistical methods. The results showed that cluster analysis and principal component analysis were effective and consistent when used together. The main sources can be divided into urban sewage, agricultural activities, industrial activities, and traffic activities. The trace element concentrations that were measured in the surface water of the Ganjiang River were better than the national quality (GB5749-2006), WHO, and USEPA standards. The water quality was good and can be used as a habitat for aquatic organisms. According to the health risk assessment, the total noncarcinogenic risk and total carcinogenic risk for adults were lower than those for children. The total risk from the noncarcinogenic and carcinogenic heavy metals increased simultaneously, which further verified that the enrichment levels of the carcinogenic and noncarcinogenic heavy metals at the same sampling point were similar. Here, the water environment quality assessment of the entire Ganjiang River Basin can provide data support for protecting the Yangtze River Basin in China and constructing the Poyang Lake Ecological Economic Zone. As the sediment and soil are called reservoirs, it is easy for heavy metals to accumulate from the wastewater that is produced by various anthropogenic activities near urban rivers. Therefore, research on the relationship between the heavy metal pollution sources in river soil systems can be carried out in the future, and an emphasis should be placed on the collection and simulation of accurate pollutant fingerprints to protect the urban environment and ecological health in similar areas or larger watersheds.
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Table A1. Assessment criteria for potential pollution of heavy metals.






Table A1. Assessment criteria for potential pollution of heavy metals.





	Single Factor Pollution

Index (Pi)
	Pollution Level
	Comprehensive Pollution

Index (Pn)
	Pollution Level





	Pi ≤ 1
	Clean
	Pn ≤ 1
	pollution-free



	1 < Pi ≤ 2
	Mild pollution
	1 < Pn ≤ 2
	Mild pollution



	2 < Pi≤3
	Moderate pollution
	2 < Pn ≤ 3
	Moderate pollution



	Pi > 3
	Heavy pollution
	Pn > 3
	Heavy pollution










[image: Table] 





Table A2. Average contents of pH, nutrient elements, and heavy metals in Ganjiang River Basin.






Table A2. Average contents of pH, nutrient elements, and heavy metals in Ganjiang River Basin.





	
Site

	
pH

	
DO

	
COD

	
BOD5

	
NH4+-N

	
TP

	
TN

	
Cu

	
Zn

	
As

	
Cr




	

	
mg·L−1

	
µg·L−1






	
Main stream

	
7.12

	
7.04

	
10.34

	
2.11

	
0.44

	
0.13

	
0.62

	
69.60

	
16.12

	
0.04

	
6.36




	
Tributaries

	
Taojiang

	
6.69

	
6.74

	
12.45

	
1.74

	
0.70

	
0.04

	
0.83

	
16.67

	
24.67

	
0.04

	
4.67




	
Zhangshui

	
6.99

	
6.41

	
9.01

	
1.99

	
0.68

	
0.10

	
0.85

	
18.00

	
44.00

	
0.13

	
3.80




	
Shangyoujiang

	
6.93

	
6.22

	
10.14

	
1.64

	
0.40

	
0.05

	
0.59

	
17.50

	
35.25

	
0.00

	
2.50




	
Heshui

	
7.13

	
6.71

	
6.52

	
1.28

	
0.21

	
0.10

	
0.54

	
31.25

	
35.25

	
0.15

	
6.50




	
Lushui

	
6.99

	
7.13

	
5.60

	
0.99

	
0.12

	
0.05

	
0.35

	
0.00

	
4.40

	
0.23

	
3.60




	
Yuanshui

	
6.94

	
6.54

	
7.39

	
1.56

	
0.42

	
0.07

	
0.67

	
33.75

	
7.75

	
0.08

	
7.13




	
Jinjiang

	
6.92

	
6.48

	
10.43

	
2.11

	
0.57

	
0.24

	
0.82

	
41.27

	
11.00

	
0.26

	
6.64




	
Enjiang

	
6.99

	
6.30

	
7.39

	
1.34

	
0.20

	
0.10

	
0.71

	
0.00

	
23.75

	
0.48

	
8.00




	
Gujiang

	
7.11

	
6.70

	
11.14

	
1.48

	
0.34

	
0.11

	
0.49

	
12.00

	
21.80

	
0.06

	
2.40




	
Meijiang

	
6.81

	
6.77

	
9.33

	
1.63

	
0.19

	
0.06

	
0.32

	
31.11

	
36.33

	
0.08

	
4.00




	
Yangtze River Background Value

	

	

	

	

	

	

	

	
3.01

	
6.46

	
3.32

	
12.6




	
WHO a

	
6.5–8.5

	
3.0

	

	

	
0.5

	
0.2

	

	
2000

	

	
10

	
50




	
China(GB5749-2006) a

	
6–9

	
5.0

	
20

	
4

	
1

	
0.2

	
1

	
1000

	
1000

	
10

	
50








a Drinking water quality standard.
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Table A3. Model parameters of RFDi and qi.






Table A3. Model parameters of RFDi and qi.





	Noncarcinogen
	RFDi/[mg·(kg·d)−1]
	Carcinogen
	qi/[mg·(kg·d)−1]





	Cu
	0.005
	As
	15



	Zn
	0.3
	Cr
	41
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Table A4. Comprehensive pollution index Pn.






Table A4. Comprehensive pollution index Pn.





	
Site

	
Main Stream

	
Tributary




	
Upper Reach

	
Middle Reach

	
Lower Reach

	
Taojiang

	
Zhangshui

	
Shang youjiang

	
Heshui

	
Lushui

	
Yuanshui

	
Jinjiang

	
Enjiang

	
Gujiang

	
Meijiang






	
Pn

	
0.158

	
0.066

	
0.125

	
0.087

	
0.121

	
0.036

	
0.123

	
0.057

	
0.115

	
0.113

	
0.118

	
0.05

	
0.071
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Table A5. Correlation analysis of temperature, hydrochemical characteristic value, nutrient elements, and heavy metals.






Table A5. Correlation analysis of temperature, hydrochemical characteristic value, nutrient elements, and heavy metals.




















	
	T
	pH
	DO
	COD
	BOD5
	NH4+-N
	TP
	TN
	Cu
	Zn
	As
	Cr





	T
	1
	
	
	
	
	
	
	
	
	
	
	



	pH
	0.111
	1
	
	
	
	
	
	
	
	
	
	



	DO
	0.116
	0.22 *
	1
	
	
	
	
	
	
	
	
	



	COD
	−0.24 *
	−0.27 **
	−0.28 **
	1
	
	
	
	
	
	
	
	



	BOD5
	−0.36 **
	−0.024
	0.029
	0.28 **
	1
	
	
	
	
	
	
	



	NH4+-N
	−0.37 **
	−0.20 *
	−0.34 **
	0.54 **
	0.363 **
	1
	
	
	
	
	
	



	TP
	−0.23 *
	−0.032
	−0.134
	0.114
	0.109
	0.32 **
	1
	
	
	
	
	



	TN
	−0.35 **
	−0.186
	−0.38 **
	0.51 **
	0.35 **
	0.95 **
	0.32 **
	1
	
	
	
	



	Cu
	−0.099
	−0.144
	0.168
	0.067
	0.35 **
	0.28 **
	0.26 **
	0.27 **
	1
	
	
	



	Zn
	−0.042
	−0.178
	0.025
	0.012
	−0.015
	0.058
	−0.064
	0.038
	0.39 **
	1
	
	



	As
	−0.078
	0.002
	−0.046
	−0.079
	−0.03
	−0.09
	0.058
	0.063
	−0.071
	−0.031
	1
	



	Cr
	−0.15
	0.045
	−0.056
	0.138
	0.276 **
	0.292 **
	0.196 *
	0.341 **
	0.203 *
	−0.029
	0.105
	1







Note: ** indicates significant correlations at the 0.01 level (bilateral); and * indicates significant correlations at the 0.05 level (bilateral).
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Figure 1. Distribution of sampling points in the Ganjiang River System. 
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Figure 2. Box diagram of measured values of Ganjiang River System. (the pH is dimensionless, and the unit of Cu, Zn, As, and Cr in the large box diagram is μg L−1, and other elements are mg L−1). 
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Figure 3. The variation trend of concentration of nutrients in the Ganjiang river basin. ((A), DO; (B), COD; (C), BOD5; (D), NH4+-N; (E), TP; (F), TN) (mg L−1). 
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Figure 4. The variation trend of concentration of Cu, Zn, Cr6+ and As in the Ganjiang river basin. ((A), Cu; (B), Zn; (C), Cr6+; (D), As) (μg·L−1). 
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Figure 5. Concentration variation of NH4+-N, TP, and TN. 
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Figure 6. Dendrogram of sampling points in Ganjiang River. 
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Figure 7. The cluster of sampling points in the Ganjiang River. 
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Table 1. Characteristics of hydrochemistry, nutrient elements, and heavy metals in Ganjiang River Basin.
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Reach

	
Value

	
pH

	
DO

	
COD

	
BOD5

	
NH4+-N

	
TP

	
TN

	
Cu

	
Zn

	
Cr

	
As




	
mg·L−1

	
µg·L−1






	
Upper reach

	
Max

	
7.47

	
9.06

	
20.79

	
3.77

	
1.67

	
0.39

	
1.96

	
250

	
50

	
40

	
0.35




	
Min

	
6.87

	
4.1

	
6.19

	
0.93

	
0.07

	
0.01

	
0.25

	
0

	
0

	
0

	
0




	
Mean

	
7.16

	
7.03

	
11.31

	
2.31

	
0.48

	
0.13

	
0.69

	
58.33

	
11.58

	
9.75

	
0.08




	
Mean square error

	
0.19

	
1.54

	
4.42

	
0.90

	
0.55

	
0.13

	
0.58

	
61.49

	
14.06

	
12.15

	
0.14




	
RSD

	
0.03

	
0.23

	
0.39

	
0.39

	
1.14

	
0.98

	
0.84

	
1.05

	
1.21

	
1.25

	
1.73




	
Counts

	
12

	
12

	
12

	
12

	
12

	
12

	
12

	
12

	
12

	
12

	
12




	
Middle reach

	
Max

	
7.67

	
8.13

	
14.57

	
4.33

	
1.42

	
0.3

	
1.72

	
520

	
70

	
20

	
0.03




	
Min

	
6.4

	
6.52

	
6.68

	
1

	
0.03

	
0.04

	
0.19

	
0

	
0

	
0

	
0




	
Mean

	
7.08

	
7.07

	
9.06

	
1.85

	
0.34

	
0.1

	
0.5

	
78.00

	
14.40

	
2.70

	
0.00




	
Mean square error

	
0.40

	
0.50

	
2.13

	
0.94

	
0.39

	
0.08

	
0.43

	
149.45

	
20.99

	
6.36

	
0.01




	
RSD

	
0.06

	
0.07

	
0.24

	
0.51

	
1.17

	
0.80

	
0.87

	
1.92

	
1.46

	
2.35

	
3.00




	
Counts

	
10

	
10

	
10

	
10

	
10

	
10

	
10

	
10

	
10

	
10

	
10




	
Lower reach

	
Max

	
7.33

	
7.48

	
12.15

	
2.57

	
1.24

	
0.28

	
1.43

	
200

	
100

	
20

	
0




	
Min

	
6.83

	
6.25

	
8.68

	
1.83

	
0.1

	
0.14

	
0.22

	
0

	
0

	
0

	
0




	
Mean

	
7.08

	
6.95

	
10.7

	
2.14

	
0.59

	
0.20

	
0.75

	
86.67

	
40.00

	
5.00

	
0.00




	
Mean square error

	
0.20

	
0.52

	
1.47

	
0.31

	
0.48

	
0.06

	
0.51

	
83.80

	
43.20

	
7.07

	
0.00




	
RSD

	
0.03

	
0.07

	
0.14

	
0.15

	
0.81

	
0.29

	
0.68

	
0.97

	
1.08

	
1.41

	




	
Counts

	
3

	
3

	
3

	
3

	
3

	
3

	
3

	
3

	
3

	
3

	
3




	
Tributaries

	
Max

	
8.27

	
9.08

	
20.5

	
3.63

	
1.55

	
0.76

	
1.63

	
80

	
90

	
20

	
0.6




	
Min

	
6.03

	
4.23

	
0

	
0

	
0.09

	
0.01

	
0

	
0

	
0

	
0

	
0




	
Mean

	
6.93

	
6.65

	
9.48

	
1.64

	
0.42

	
0.1

	
0.63

	
22.2

	
24.2

	
5.8

	
0.13




	
Mean square error

	
0.30

	
1.13

	
3.55

	
0.89

	
0.49

	
0.11

	
0.53

	
108.24

	
23.97

	
10.20

	
0.11




	
RSD

	
0.04

	
0.16

	
0.34

	
0.42

	
1.13

	
0.86

	
0.85

	
1.56

	
1.49

	
1.60

	
2.62




	
Counts

	
75

	
75

	
75

	
75

	
75

	
75

	
75

	
75

	
75

	
75

	
75
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Table 2. Annual average personal health risk of heavy metal pollutants for adults and children.
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Ganjiang River Basin

	
Noncarcinogen Risk

	
Carcinogen Risk

	
Rtotal (10−6)




	
Cu (10−9)

	
Zn (10−11)

	
As (10−6)

	
Cr (10−6)




	
Adults

	
Children

	
Adults

	
Children

	
Adults

	
Children

	
Adults

	
Children

	
Adults

	
Children






	
Main stream

	
Upper reach

	
5.39

	
6.88

	
1.79

	
2.28

	
0.57

	
0.73

	
181.65

	
230.73

	
182.22

	
231.47




	
Middle reach

	
7.21

	
9.21

	
2.22

	
2.83

	
0.02

	
0.03

	
50.55

	
64.30

	
50.58

	
64.34




	
Lower reach

	
8.01

	
10.23

	
6.16

	
7.87

	
0.00

	
0.00

	
93.79

	
119.36

	
93.80

	
119.37




	
Tributary

	
Taojiang

	
1.54

	
1.97

	
3.80

	
4.85

	
0.24

	
0.31

	
87.40

	
111.19

	
87.65

	
111.50




	
Zhangshui

	
1.66

	
2.12

	
6.78

	
8.65

	
0.87

	
1.11

	
71.56

	
91.16

	
72.43

	
92.27




	
Shangyoujiang

	
1.62

	
2.07

	
5.43

	
6.93

	
0.00

	
0.00

	
47.17

	
60.12

	
47.17

	
60.13




	
Heshui

	
2.89

	
3.69

	
5.43

	
6.93

	
1.06

	
1.35

	
121.98

	
155.24

	
123.04

	
156.60




	
Lushui

	
0.00

	
0.00

	
0.68

	
0.87

	
1.60

	
2.05

	
67.94

	
86.61

	
69.55

	
88.65




	
Yuanshui

	
3.12

	
3.98

	
1.19

	
1.52

	
0.56

	
0.71

	
133.86

	
170.42

	
134.42

	
171.14




	
Jinjiang

	
3.82

	
4.87

	
1.70

	
2.16

	
1.81

	
2.31

	
124.63

	
158.66

	
126.45

	
160.97




	
Enjiang

	
0.00

	
0.00

	
3.66

	
4.67

	
3.35

	
4.28

	
150.63

	
191.89

	
153.98

	
196.17




	
Gujiang

	
1.11

	
1.42

	
3.36

	
4.29

	
0.43

	
0.55

	
45.30

	
57.75

	
45.73

	
58.30




	
Meijiang

	
2.88

	
3.67

	
5.60

	
7.15

	
0.58

	
0.74

	
75.37

	
96.04

	
75.95

	
96.78











[image: Table] 





Table 3. Total variance explained and component matrixes for dissolved trace elements in surface water from the Ganjiang River.
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Component

	
Initial Eigenvalue

	

	
Rotating Load Sum of Squares




	
Total

	
Variance %

	
Cumulative %

	

	
Total

	
Variance %

	
Cumulative %






	
T

	
3.422

	
28.516

	
28.516

	

	
2.620

	
21.831

	
21.831




	
pH

	
1.512

	
12.596

	
41.113

	

	
2.152

	
17.930

	
39.761




	
DO

	
1.350

	
11.252

	
52.365

	

	
1.465

	
12.209

	
51.971




	
COD

	
1.081

	
9.008

	
61.373

	

	
1.128

	
9.402

	
61.373




	
BOD5

	
0.939

	
7.822

	
69.195

	

	

	

	




	
NH4+-N

	
0.859

	
7.161

	
76.356

	

	

	

	




	
TP

	
0.738

	
6.154

	
82.510

	

	

	

	




	
TN

	
0.654

	
5.447

	
87.957

	

	

	

	




	
Cu

	
0.567

	
4.728

	
92.685

	

	

	

	




	
Zn

	
0.509

	
4.239

	
96.924

	

	

	

	




	
As

	
0.333

	
2.777

	
99.700

	

	

	

	




	
Cr

	
0.036

	
0.300

	
100.000

	

	

	

	




	
Variable

	
Rotated Component Matrix a

	

	
Extract

	




	
PC1

	
PC2

	
PC3

	
PC4

	

	

	




	
T

	
−0.513

	
−0.222

	
−0.026

	
−0.060

	

	
0.317

	




	
pH

	
0.143

	
−0.567

	
−0.469

	
−0.043

	

	
0.563

	




	
DO

	
0.016

	
−0.754

	
0.151

	
−0.198

	

	
0.631

	




	
COD

	
0.305

	
0.641

	
−0.004

	
−0.296

	

	
0.591

	




	
BOD5

	
0.682

	
−0.043

	
0.068

	
−0.309

	

	
0.567

	




	
NH4+-N

	
0.647

	
0.617

	
0.077

	
−0.177

	

	
0.836

	




	
TP

	
0.511

	
0.108

	
0.038

	
0.289

	

	
0.357

	




	
TN

	
0.666

	
0.613

	
0.058

	
−0.031

	

	
0.824

	




	
Cu

	
0.477

	
−0.166

	
0.707

	
−0.119

	

	
0.769

	




	
Zn

	
−0.079

	
0.032

	
0.839

	
0.018

	

	
0.711

	




	
As

	
0.111

	
−0.021

	
−0.024

	
0.863

	

	
0.758

	




	
Cr

	
0.638

	
−0.059

	
−0.055

	
0.161

	

	
0.440
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Table 4. Concentrations, ANOVA (analysis of variance), and significant test of the four clusters by cluster analysis in the Ganjiang River, China.
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Component

	
Clustering




	
CA1 (n = 15)

	
CA2 (n = 50)

	
CA3 (n = 22)

	
CA4 (n = 13)

	
Significance Test df = 3




	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
MS

	
F

	
P






	
T

	
13.74

	
1.11

	
11.81

	
0.52

	
12.05

	
0.80

	
11.42

	
0.77

	
0.55

	
0.52

	
0.47




	
pH

	
7.03

	
0.36

	
6.99

	
0.41

	
6.99

	
0.30

	
6.77

	
0.42

	
0.30

	
2.03

	
0.16




	
DO

	
6.81

	
0.62

	
6.81

	
0.99

	
6.75

	
0.95

	
6.11

	
1.32

	
2.01

	
1.95

	
0.17




	
COD

	
6.83

	
2.73

	
9.62

	
3.57

	
8.18

	
1.80

	
15.08

	
4.90

	
0.07

	
0.00

	
0.95




	
BOD5

	
1.28

	
0.37

	
1.83

	
0.77

	
1.52

	
0.52

	
2.45

	
0.86

	
6.80

	
13.14

	
0.00




	
NH4+-N

	
0.16

	
0.10

	
0.34

	
0.22

	
0.29

	
0.18

	
1.25

	
0.29

	
1.02

	
7.25

	
0.01




	
TP

	
0.13

	
0.17

	
0.07

	
0.06

	
0.09

	
0.07

	
0.21

	
0.12

	
0.04

	
3.51

	
0.06




	
TN

	
0.32

	
0.18

	
0.52

	
0.24

	
0.58

	
0.22

	
1.45

	
0.29

	
1.20

	
7.93

	
0.01




	
Cu

	
24.27

	
28.22

	
33.75

	
43.76

	
16.82

	
25.30

	
86.92

	
140.62

	
2.4×105

	
128.77

	
0.00




	
Zn

	
6.20

	
10.56

	
28.13

	
28.37

	
21.23

	
24.48

	
22.85

	
21.15

	
2350.63

	
3.67

	
0.06




	
As

	
0.04

	
0.11

	
0.00

	
0.00

	
0.39

	
0.08

	
0.13

	
0.19

	
0.01

	
0.20

	
0.65




	
Cr

	
1.60

	
3.38

	
4.75

	
7.51

	
4.91

	
3.44

	
12.00

	
10.03

	
249.74

	
4.91

	
0.03








Note: T (°C); pH is dimensionless; the unit of DO, COD, BOD5, NH4+-N, TP, TN is mg·L−1; the unit of Cu, Zn, Cr, As isμg·L−1. SD is the mean square error, df is the degree of freedom, MS is mean square.
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