Assessing effects of land-use on water quality in Qinhuai River watershed
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Abstract: The land use in China has changed during the past decades, which caused water quality deterioration. Water quality are key water environmental indicators which are sensitive to various land use change. The aim of this study is to evaluate the relationship between land use and water quality at Qinhuai River watershed. Main pollutants (NH4+ -N, TN, TP, BOD5, CODMn, DO et al.,) of water quality in Qinhuai River watershed were analyzed. Land use condition of Qinhuai River Watershed in 2005, 2008, 2010 was investigated by GIS thematic map and overlaying analysis. The characteristics of land use/cover change were acquired based on the conversion matrix of land-use change from 2005 to 2010. Water quality monitoring stations were set as geographical centers, and a series of buffers were created across five spatial scales (100 m, 200 m, 400 m, 800 m, and 1600 m) to establish the boundaries of hydrologic units and to detect the scale effect with the help of ArcGIS 9.3 software. And then mean value of each water quality indicator at each monitoring site was used to detect the relationship between land use and water quality using Pearson’s correlation analysis. 
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1. Introduction
Numerous problems related to water quality are mainly caused by Land use change (Zampella and Procopio, 2009; Liu and Chen, 2006). Tu (2011) have argued that the relationships between  land use types and water quality parameters are not consistent. For example, Tong and Chen (2002) found that TN (total nitrogen), TP (total phosphorus) were significantly positively related to commercial, residential, and agricultural lands on a regional scale in the watersheds of the Ohio State, USA; While Williams (2005) found that TN and TP had no significant correlations with urban and agricultural lands in the Ipswich River watershed, Massachusetts, USA. Although the relationships between land use and water quality are not constant in different regions, industrial activities and urbanisation exert a high impact on water quality. Yin et al., (2005) argued that the intensity of urban contribution of pollutants much outweighed the agricultural non-point source pollution. Tu and Xia (2008) found that the relationships of land use and water quality are not constant over space, for example, in highly-urbanized area, agricultural land could improve water quality; in less-urbanized area, agricultural activities become important water pollution sources. Wang (2008) indicated that the surface water quality in urban is worse than that in village. Kibena (2014) indicated that settlements and agricultural areas are the ones mainly affecting the water quality in Upper Manyame River. But the relationships between land use and water quality have temporal and spatial differences, caused by the level of urbanization and characteristic of spatio-temporal scales.
Since 2000, growing populations and migration towards have produced a major impact on water environment quality in Qinhuai River watershed. Especially urbanization increases impervious area, alters the configuration, composition and context of land use types. And then urbanization causes local decreases in infiltration, (de Andrade et al., 2008), increase runoff volume ( Olang and Furst, 2010), aggravate water quality (e.g., Ren et al., 2003; Wang et al., 2008; Tu and Xia, 2008 ). Rui (2012) and Han (2007) indicated that present study only relates to impact of land use change on runoff, ignoring the influence of the urbanization on water quality in Qinhuai watershed. Li (2013) indicated that present study ignore spatial and temporal variations of water quality in the whole watershed and the impacts of the urbanization on water quality. So, the relationship between the water quality and land use is needed to study in Qinhuai watershed.
2. Materials and methods
2.1 study area
Qinhuai River watershed is located in the south bank of Nanjing, which has an area of 2631 square kilometers (Fig.1). Qinhuai River watershed encompass Nanjing and Jurong cities of Jiangsu Province, China (Du et al., 2012 ). Its topography like a cattail leaf fan, surrounded by hills and mountains(Liu et al., 2012). Water finally flows into the Yangtze River via the Wuding men water gate and Qinhuai New River in northwest corner of the basin. Watershed lies in the humid climatic region. Average annual rainfall is 1047.8mm. Average temperature is 15.4℃. In recent decades, watershed experienced dramatic urbanization, which has aggravated water quality deterioration.
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Fig. 1 Study area and spatial distribution of surface water quality monitoring stations 
2.2 Land use data
Land use maps were derived from “earth system science data sharing network project”. Land use types for 2005, 2008, 2010 were classified into six categories: (1) Built-up land, (2) Cropland, (3) Forest, (4) Grass, (5) Water body and (6) Unutilized land (Fig. 2). Built-up land refers to areas with impervious manmade surfaces, such as residential and commercial structures and roads. Cropland refers to the land used for producing foodstuffs and vegetables. Forest includes land vegetated with shrubs and trees. Grass primarily consists of green space and grass. Water body consists of stream, reservoir, lake et al. Unutilized land consists of bare land and difficult to use the land. Land use dynamic degree was used to analyze land use change, which indicates an annual variation rate of the area of land use type. 
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Fig. 2 Land use types in Qinhuai River watershed for 2010
2.3 water quality data
[bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK34][bookmark: OLE_LINK35]Water quality data were obtained from the Hydrology bureau of Nanjing. These data include 13 water quality parameters measured bimonthly at 27 water quality monitoring sites in 2010. Dissolved oxygen(DO), 5-day biochemical oxygen demand(BOD5), cadmium-chemical oxygen demand index(CODcr), ammonia nitrogen(NH4+-N), potassium permanganate-chemical oxygen demand index(CODmn), total phosphorus (TP), total nitrogen (TN), pH, temperature, transparency, Electrical conductivity(EC), zinc(Zn), fluoride(F-) were selected as representative organic pollution indicators to assess the water pollution of the Qinhuai River watershed(Zhao et al., 2015). Water quality monitoring stations were set as geographical centers, and a series of buffers were created across five spatial scales (100 m, 200 m, 400 m, 800 m, and 1600 m) to establish the boundaries of hydrologic units and to detect the scale effect with the help of ArcGIS 9.3 software. And then mean value of each water quality indicator at each monitoring site was used to detect the relationship between land use and water quality using Pearson’s correlation analysis.
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