WATER QUALITY MONITORING OF PRAIRIE LAKE
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ABSTRACT
The Prairie Lake, located in Cedar Falls, was studied to assess its water quality. The water samples from 8 sampling points, 4 from South Lake & 4 from North Lake, were studied from September through November, 2011 with a sampling interval of one week. On site and laboratory testing were done for different physical (pH, temperature, conductivity, total dissolved solids, and total suspended solids), chemical (dissolved oxygen, nitrate, chloride, and sulfate) and microbiological (E. coli) parameters. 
The analysis revealed that pH ranged from slightly neutral to slightly basic throughout the sampling period. The temperature dropped down from a maximum of 19.5oC to a minimum of 7oC as the ambient temperature became colder towards the late fall.  Though the conductivity and total dissolved solids (TDS) level were found within a range from 400 to 600 µs/cm and 300 to 400 ppm respectively, the sudden increment of these values at SPL2 of South Lake should not be ignored. The highest detection of chloride with 1112 µs/cm and TDS with 765 ppm might indicate the level of other contaminants like chloride, sulfate, nitrate and other ions that could affect the recreational and aquatic life. The DO level in both the lakes was found sufficient to sustain aquatic life activities. Unlike high detection of conductivity and TDS value at SPL2 of South Lake, chloride and sulfate were also found high at the same site. On an average, chloride was detected 63.94 mg/L in North Lake and 95.67 mg/L in South Lake. The heavy settlements just near to this site might be one of the reasons for their increment. However, further detail analysis should be done to determine the exact cause for their increment. The analysis did not show any detection of nitrate throughout the sampling period. The analysis for E. coli showed that their number rose significantly after the rainfall from a minimum of 0 to 160 CFU in North Lake and 0 to 60 CFU in South Lake. The main reasons for E. coli being high in North Lake were close proximity of the lake to road and the continuous seepage of water from the ground, which might have brought more sediment from the surrounding after the rainfall 
Comparatively, there was no much significant difference in the water quality between North and South Lake. However, the sudden increment of few parameters like conductivity, TDS, chloride, sulfate and E. coli should not be ignored. Therefore, the further analysis should be initiated in the future to maintain the water quality of lake both in terms of recreational as well as for aquatic community.  
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1. INTRODUCTION

Lake is a uniform mass of water and often considered as a full bathtub where the physical, chemical and biological characteristics extremely varies (Water on the Web, 2004). It is one of the important components of environment where it aids different benefits like recreation, fishing, boating and swimming to the people. It, apparently, also provides the habitat for both aquatic and terrestrial animals (Michaud, 1991). In addition, it also helps to protect water quality. Basically, eroded sediments or other pollutants carried by inflowing streams from watersheds get deposited into the lake thereby having less pollutant in the outflowing streams. However, overtime the deposited sediments in the bottom of the lakes quickly fill the shallow lake turning it into a pond and then to a marsh leading to eutrophication (Michaud, 1991). The anthropogenic activities like landscape disturbances, urbanization, industrial discharge, and agriculture practice have profound influences on lake chemistry. Figure 1 clearly shows the impact of anthropogenic activities on the lake ecosystem. These activities put excessive nutrients into the lake where it initiates nuisance overgrowth of algae. When these algae die these sink into the bottom and bacteria starts to decompose these dead algae thereby depleting oxygen level. When the oxygen content became less below the threshold level (optimum level required for fish to survive) then the aquatic life thriving in the lake starts to suffocate. 
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Nutrients cause nuisance overgrowth of algae as well as noxious aquatic plants, which leads to oxygen depletion via plant respiration and microbial
decomposition of plant matter. If not properly managed and controlled, sources such as agriculture, industrial activities, municipal sewage, and
atmospheric deposition can contribute to excessive nutrients in lakes.





       Figure 1: Impact of anthropogenic activities to the lake

         (Source: EPA, 2011)

The various chemical compounds are released from these activities that might affect the lake water chemistry. Therefore, it is very important to monitor the water quality of lake. 
Water quality is important because it tells us if that water type can sustain life, or even be a possible use for drinking water. The different water quality parameters can help us indicate how to fix different waters as well. If we are using the water for drinking purposes it can help us identify what different chemicals we must add to make it drinkable; or if we use the water for recreational such as boating and fishing, we can determine if the water can not only sustain life, but if it is safe for human contact. Different water quality parameters tell us about different contaminations and also provide remedial strategies for these different pollutants that may have made the water quality bad. The most frequently monitored parameters in lake water include pH, Sechhi disk depth, nutrients, total suspended solids, turbidity, chlorophyll a and fecal coliform (Michaud, 1991). The EPA defines water quality as “Important standards because they help to protect and restore the quality of the Nation's surface waters, consistent with the requirements of the Clean Water Act. Standards help to identify water quality problems caused by, for example, improperly treated wastewater discharges, runoff or discharges from active or abandoned mining sites, sediment, fertilizers, and chemicals from agricultural areas, and erosion of stream banks caused by improper grazing practices. Standards also support efforts to achieve and maintain protective water quality conditions” (EPA, 2011).

The six weeks assessment of water quality at Prairie Lake, conducted from September through November, was important approach to determine the condition of lake water. Unlike other lakes, Prairie Lake is also used mainly for recreation and fishing activities. The history of this lake dated back into 1920s where there used to be dense groove of trees. In 1994, artificial lake was constructed at the same site where there used to be trees and there was no much infrastructure development around the lake. However, after 10 years the massive infrastructure can be seen around the lake. Likewise, since one of the lakes (North Lake) lie in close proximity to road, there might be possibility for lake to receive the sediments and other pollutant from the surrounding. Since there has been no any preliminary study done so far, this project would provide important baseline information on the water quality of lake. 
2. OBJECTIVES

As a part of course, the project was conducted at Prairie Lake of Cedar Falls in order to meet the following objectives:
· To determine the levels of different water quality parameters of Prairie Lake 
· To compare the water quality parameters between North and South Prairie Lake
· To observe the variation in drinking water quality parameters in the study done for short period
· To apply the skills and knowledge gained from the course in the field research
3. METHODOLOGY

The experiences and skills learned during the course were applied to conduct the project. The project was carried out in two different steps; field testing and lab testing. Field testing dealt with the analysis of those parameters that were required at the field whereas few of the parameters were analyzed by bringing the water samples back in the lab. 

3.1 Study Area:

The Prairie Lake is situated about 1 mile to the south of the campus at the intersection of Hudson and Viking Road. The Prairie Lake contains 2 lakes; North and South Lake covering an area of about 165 acres (Figure 2 and 3). South Lake has 23 surface acres and North Lake has 7 surface acres. The lake has various facilities like handicapped fishing dock, 3 open shelters, nature trail, restrooms and parking lot. Mainly, the lakes are used for fishing, jogging and recreation.
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For the project, altogether 8 sampling points were selected; 4 from South Lake and 4 from North Lake. The sites were selected by giving consideration that these should cover all around the lake. More importantly these were selected from those areas where there was an easy access for people to the lake (Figure 3). 

[image: image3.jpg]Map showing the sampling points at Prairie Lake
(Cedar Falls, I1A)

‘ p N

®  South Lake Sampling Points

. 0 100 200 400 600 Meters
Prepared by: Sushil Tuladhar et e e o ] ®  North Lake Sampling Points
Data source: lowa DNR GIS Library





Figure 3: Map showing location of sampling points

3.2 Sampling Plan:

Each week sampling was done starting from September through November. The sampling was started at September 30th and continued until November 4th, 2011. The project was conducted in two different phases; field testing and lab testing. The field testing considered the analysis of pH, temperature, conductivity, total dissolved solids, turbidity and dissolved oxygen. On the other hand, the water samples were collected from each site and taken back to the lab for further analysis. The lab testing considered the analysis of total suspended solids, NO3, SO4, Cl- and E. coli.

3.3 Hydro-Equipment used in the project:

The following equipments were used during the project:

Table 1: Equipments used to test different water quality parameters

	Parameters
	Equipments

	pH
	Extech S/N 33214 ExStik II

	TDS, Conductivity, Temperature
	HANNA HI98311 probe

	DO

	HACH HQ30d Meter

	Turbidity

	2020i LaMotte Turbidity Meter

	Cl-, SO4, NO3
	Dionex 120 Ion Chromatograph

	Total Suspended Solids
	Filtration manifolds

	E.coli

	ColiscanEasygel Method


pH: The Extech probe was dipped into the water sample collected in a container. As the probe was dipped, the reading flashed for few seconds and the final reading was noted when this was stabilized.

TDS, Conductivity and Temperature: The HANNA probe was used to measure all these three parameters. Basically the probe was dipped in the container with water samples for few seconds. The mode button was used to switch from the conductivity mode to TDS mode. 

DO: The water sample was collected and measured quickly by dipping the probe into water sample.  The final value was noted when the reading in the meter stabilized.

Turbidity: The water sample was collected and filled to the mark line in a small glass vile. The vile was properly wiped out with either clean clothes or tissue paper. Then this vile was inserted into a slot of turbidity meter and scanned the sample for final reading. 

Cl-, SO4, NO3: The anionic analysis was conducted every third weeks of sampling. The water samples were analyzed using Ion Chromatograph (Figure 2).For the analysis, the refrigerated samples were taken out and stored at room temperature for 24hours before running them in machine. The water samples were filled into 5 ml plastic vials fitted with 20 micro filter caps and then loaded into an AS40 automated sampler for injection into the system. 

Total Suspended Solids: The water samples were collected in 1 liter size bottle at the field for total suspended solids. For this parameter, filtration manifold setup was used. First of all, the initial weight of filter paper was noted and about 500 ml of water (based on how fast the filtration system can filter the water) was filtered through it. Then the filter paper was put in an oven at 60oC for overnight. After a day drying, the final weight of the filter paper was noted. 

E.coli: The water samples was collected aseptically and tested on the same day in the lab. For this, the bottom of the petri plates was labeled properly with permanent marker. The required number of Coliscan Easygel bottles was removed from the freezer. For each bottle, 10 ml of water sample was transferred into the bottle using sterile pipet. The bottles were capped and swirled the contents for proper mixing. The contents of the bottle were poured gently into the petri plate and placed the lid on it (Figure 4). Then the petri plates were kept at room temperature for about 45 minutes to get solidify. After solidification, the petri plates were placed right side up into incubator at 35oC for 24 hour. After the incubation period, the purple colonies were counted as E. coli. 
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3.4 Field Observation:

During each sampling, the field observations like weather condition, wind, rainfall, water condition and activities around the site were noted either in the sheet or using camera. This was done for further interpretation in the data analysis. 

3.5 Application of GIS: 

ArcGIS 10 software was used to make map of the study area. For this, the coordinates were taken at each site using Garmin GPSMAP 60CSx.

3.6 Data analysis:

All the analyzed data from the field and lab testing was tabulated in the excel spread sheet. The graph for each parameter was made using excel for further interpretation. 

4. RESULTS AND DISCUSSION

4.1 Field Parameters:

Temperature:

Temperature is one of the important parameters because fish and most aquatic organisms are cold-blooded. Their metabolism increases as the water warms and decreases as it cools. Each species of aquatic organism has its own optimum (best) water temperature. If the water temperature shifts too far from the optimum, the organism suffers. Cold-blooded animals can’t survive temperatures below 0oC (32oF), and only rough fish like carp can tolerate temperatures much warmer than about 36oC (97oF).
From our research, in the North Lake, the temperature ranged from 7oC to 19.5oC whereas in South Lake, it ranged from 10.1oC to 18.3oC.  From Figure 5, it is also clear that the temperature of water began to decline after the third week of sampling since the ambient temperature became colder as testing entered into October and November. Though our findings did not show any dramatic fluctuation in temperature, it is one of the important parameters that might affect the concentration of dissolved oxygen and can influence the activity of bacteria and toxic chemicals in water. Warm water make dissolved oxygen levels less in water and vice versa. 
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pH:

pH is another important limiting chemical factor for aquatic life.  If the water in a stream or lake is too acidic or basic, it may disrupt aquatic organisms’ biochemical reactions by either harming or killing the organisms (NHDES, 2011).The optimum range of pH that fish can tolerate is from 5.0 to 9.0. The dense algal and plant growth due to the pollution might increase pH level. Although the small changes of pH in lake will not have large impact on aquatic life, they may influence the chemical form in the lake (Ana et al., 2005).  So it is important to monitor pH in lake water, which also helps monitor different pollutants.
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In North Lake, pH ranged from 7.85 to 9.02 whereas in South Lake, it ranged from 7.09 to 9.2. Though the variation of pH was not consistent among the different sites, the value ranged from slightly neutral to slightly basic (Figure 6). The results show that the pH levels of these lakes are found in a range that do not likely to impact on recreational and aquatic life.
Conductivity:

Conductivity is a measure of how well water can pass an electrical current. It is an indirect measure of the presence of inorganic dissolved solids such as chloride, nitrate, sulfate, phosphate, sodium, magnesium, calcium, iron and aluminum. The presence of these substances increases the conductivity of water. All of these parameters can affect recreational and aquatic life.  

In North Lake, conductivity was found from a minimum of 465 µs/cm to a maximum of 543 µs/cm.  In South Lake, it was found from a minimum of 524 µs/cm to a maximum of 1112 µs/cm.  The high value was observed with 1112 µs/cm, 692 µs/cm and 858 µs/cm on 2nd, 5th and 6th week of sampling respectively (Figure 7). The main reason for conductivity being high could be due to the high concentration of anionic species like Cl-, SO4-. The site where we found a high conductivity reading was connected to a third lake with a drain pipe. Moreover, this site was also situated in close proximity to various infrastructures and likely to have influence from an area of more urbanization. In this study, detection of high chloride and sulfate at the same site might be the reasons for high conductivity value. All other sites were away from human influence, besides one other spot at the north lake where it was influenced by a road.
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Total Dissolved Solids (TDS):

Total dissolved solids is the total amount of all inorganic and organic substances dissolved in water. Agricultural runoff, urban runoff, leaves, plankton, and silt might contribute to high TDS. Though it is not considered as a primary pollutant, it should be regulated for aesthetic purposes. High TDS will reduce the capability of the water body to support a diversity of aquatic life (Ana et al., 2005). Likewise, high TDS concentration might also affect gill and kidney functions of fish (Wright, 2009).

TDS was found from a minimum of 320 ppm to a maximum of 374 ppm (North Lake) whereas it was found from a minimum of 363 ppm to a maximum of 765 ppm (South Lake). Since TDS is dependent on conductivity, the value was observed high at the same site in the same sampling date (Figure 8).
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Turbidity: 

Turbidity is a measure of the cloudiness of water. Cloudiness is caused by susp-ended solids (mainly soil particles) and plankton (microscopic plants and animals) that are suspended in the water column. High levels of turbidity can cause several problems for water systems. Turbidity blocks out the light needed by submerged aquatic vegetation. This can also affect aquatic life that looks to certain vegetation for food and nutrients. It can also raise surface water temperatures that affect in DO level and the ecosystems in and around bodies of water.
In the study the turbidity was found from a minimum of 0.9 NTU to a maximum of 80 NTU in North Lake. Similarly, it was found from a minimum of 4.13 NTU to a maximum of 31 NTU in South Lake. The significant increment in turbidity was observed at NPL1, SPL2 on 2nd week & 4th week of sampling respectively and then gradually decreased in later date of sampling (Figure 9). Wind, rainfall, algae growth, and twigs might increase the turbidity level. At NPL1 of North Lake, the wind was very high that day blowing sediment and algae toward that site (Table 2). At SPL2 of South Lake, though there was no effect of wind, presence of high algae and sediment in the site had increased the turbidity.  Similarly at NPL3 of North Lake, turbidity was high due to the presence of high sediment and twigs in the area (Figure 9).
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Table 2: Direction of wind at the different sampling dates

	Sampling Date
	Wind direction

	Sept-30
	NW to SE

	Oct-7
	SE to NW

	Oct-13
	W to E

	Oct-21
	No wind

	Oct-28
	W to E

	Nov-4
	No wind


Total Suspended Solids (TSS):

Total Suspended Solids indicate the amount of solids present in the water either through physical or biological factors. Heavy rains carry sediments into the lake causing higher TSS. The other reason for high TSS in lake might be seasonal changes in algae growth (Michaud, 1991). 

In this study, the concentration of TSS did not change significantly on different date of sampling. However, the sudden increment of TSS at NPL1 on second week and at SPL2 on fourth week of sampling might be due to the wind that made water turbulent increasing TSS concentration (Figure 10). Since, the North Lake was situated close to road that might have brought sediments to the lake. This could be another reason for high TSS concentration at NPL1. Also, the algae growth at SPL2 might be another factor that increased the concentration of TSS.
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Dissolved Oxygen (DO):

Dissolved Oxygen is one of the important water quality parameters that not only determines the health of the lake ecosystem but also quantify the level of oxygen required by fish and other aquatic organisms for their survival. It is also required for various chemical reactions that are important for lake functioning (Michaud, 1991). The main reasons for variation of DO level in the lake ecosystem might be due to photosynthesis, respiration, and decomposition. The oxygen can be replenished into the lake from air and get dissolved into water when wind stirs the water. This will form waves that create more surface area. Likewise, cold water also holds more oxygen than warm water. This means when the temperature drops down, the oxygen level increases. 

In this study, the DO concentration ranged from a minimum of 5.88 mg/L to a maximum of 11.58 mg/L with an average value of 8.29 mg/L in North Lake.  Similarly, it ranged from a minimum of 5.97 mg/L to a maximum of 16.06 mg/L with an average value of 8.96 mg/L in South Lake. EPA (2011) reported that the oxygen concentrations can vary from about 8 mg/L (warm water) to over 14 mg/L (cold water). Though some of the organisms can tolerate oxygen concentration less than 1 or 2 mg/L, lesser the oxygen level more the organisms will suffer (EPA, 2011). Figure 11 shows that there is inconsistent variation in DO concentration. The oxygen concentration, detected around 5 to 6 mg/L might be due to the microbial activity and decomposition process occurring in the lake. 
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4.2 Lab Parameters:

Nitrate (NO3):

Nitrate is one of the elements that are widely used in fertilizer that supports crop production. Due to rainfall, nitrate might release into the lake water from agriculture areas which not only support the growth of planktons but also provide food for fish. However, the elevated nitrate level might increase the algal population and deplete the oxygen level, thereby impacting fish community (Ana et al., 2005).

The assessment of nitrate did not show any detection of nitrate in the lake water. 

Chloride (Cl):

Chloride is one of the anionic species associated with salts such as sodium chloride, potassium chloride and calcium chloride. The application of NaCl for road deicing especially in strong winter areas dominates all other sources of chloride release that can harm lake ecosystems. On the other hand, runoff from agriculture, soil weathering, precipitation and solid waste incineration and increasing density of road can also contribute the increase in chloride concentration (Muller & Gachter, 2011). 

From this study, the analysis revealed that the chloride concentration was found from a minimum of 58.05 mg/L to a maximum of 72.41 mg/L with an average reading of 63.94 mg/L in North Lake. Similarly, in South Lake, it was found from a minimum of 78.31 mg/L to a maximum of 295.88 mg/L with an average reading of 95.67 mg/L. Figure 12 shows that the chloride concentration was found comparatively higher in South Lake than in North Lake.  SPL2 of South Lake showed high detection of chloride on second week of sampling. Similarly, figure 13 clearly shows about 53% increment in chloride concentration at SPL2. However, such sharp percent increment was not observed in North Lake. The paper by Muller & Gachter (2011) showed the increment in chloride concentration in Lake Constance could be attributed to road deicing salts (45%) and the remaining 55% by wastewater, farming and incineration of solid wastes. But such possible sources for sudden increment in chloride ion in our study were not observed. However, the heavy settlements with infrastructure just above the east side of SPL2 and the connection of this site to small lake (not included in the study) through the tunnel might be playing a role in contributing chloride to the lake. But further detail analysis should be done to determine the exact cause for increment in chloride concentration.
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Sulfate (SOSulfate:
Sulfate (SO4):

Sulfate is mainly released into the lake by acid rain or the types of minerals found in the watershed. The coal burnt from industries and utilities also release sulfur compounds into the atmosphere that are carried into lakes by rainfall. 

In the study, the analysis revealed that the sulfate concentration in North Lake was found from a minimum of 20.76 mg/L to a maximum of 30.98 mg/L with an average detection of 25.07 mg/L. Similarly in the South Lake, it was found from a minimum of 27.5 mg/L to a maximum of 45.58 mg/L with an average detection of 33.87 mg/L (Figure 14). Figure 15 clearly shows that the percentage change in the concentration is comparatively low than it is in South Lake. It also shows that the percentage change is high in SPL2. The exact reason for this variation could not be said through this short study. However the further analysis should be done to determine the possible source for sulfate in the lake. 
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E. coli:

Escherichia coli is an indicator of fecal pollution and is still one of the most important and widely used measures of water quality (Meyer et al., 2005). Meyer et al. (2005) study showed moderate to high levels of E. coli in lake water samples throughout the summer. The highest levels of E. coli were noted after rainfall events. The likely sources of E. coli in lake water include the agricultural runoff, wildlife populations (goose fecal), municipal wastewater discharges, septic leachate, etc. (An et al., 2002). The colony that shows purple color from lab testing confirms the presence of E. coli (Figure 19).

In our study, the E. coli numbers ranged from a minimum of 0 to a maximum of 160 CFU in North Lake. Likewise, it ranged from a minimum of 0 to a maximum of 60 CFU in South Lake (Figure 16). Figure 16 also shows that there was no significant increment in E. coli numbers on first and second week of sampling. But on the third week of sampling, the day after rainfall event, the E. coli numbers rose significantly to a maximum of 160 and 80 in North Lake and South Lake respectively. The main reason for E. coli being high in North Lake might be due to the site being close to road from where there could be chances of high influx of sediments into the lake and also the activities of wildlife (like goose) on the lake (Figure 17). The other reason for high E. coli number at NPL4 might be due to the seepage of water from the surrounding field to the site which could be observed at the field (Figure 18). 
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4.3 Comparison among water quality parameters between North Lake and South Lake

The comparison among all the water quality parameters between two lakes revealed that South Lake showed high conductivity, TDS and chloride value (Figure 20).The main reason for high conductivity and TDS could be related to the increment in chloride concentration. But the exact reason for chloride value increment could not be concluded from this study. 

The results of this study also showed that there was sudden increment in E. coli numbers after rainfall in North Lake. The seepage of water towards the lake from the field and the site being in close proximity to the road might be the factors for high E. coli numbers.
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5. CONCLUSION
Overall water quality between the two lakes from our testing seems to be good quality for recreation, fishing and supporting aquatic life, within the North and South lakes. From the different parameters tested, the lake water qualities showed that the two lakes are not in any concern of being or becoming dead lakes. They are thriving and don’t show any concern of major hazardous chemicals that would majorly alter in and around the lakes. After analyzing the water samples from different sites of the lake, the following conclusions can be made: 
· The pH and temperature did not change significantly over the period of sampling showing stable results. 
· Turbidity and TSS were observed high in North, but not in the South and were still not alarming within the North. 
· The trend showed low to no E. coli towards the end of sampling except on the third week of sampling, where the result showed high E. coli after a rainfall. Otherwise, E. coli were very minimal to none in both the lakes. 
· There was no detection of nitrates as well, indicating that the lakes are not receiving any hazardous pollutes from the surrounding areas. 
· Conductivity, TDS, chloride and sulfate were found high at SPL2 of South Lake. Though our findings did not find the exact reason for this variation, however the sudden increment could be attributed to the development of infrastructure in surrounding area near to the site. In addition, there was a small lake which was connected to South Lake by the means of tunnel. Through this tunnel, the water flows in and out between the lakes. Therefore, further sampling plan should be initiated to monitor the third lake which might give better idea on water quality and its possible effect to the South Lake. 
· Also, the seepage of water from the surrounding to the lake could be of great concern in the future. This was observed near NPL4 of North Lake. Therefore, soil sample analysis from this site would be highly recommended in the future to insure the quality of both the soil and lake water. 
· The findings of these hot spots, which could be possible source of contamination, should be properly identified and analyzed since some of the parameters were observed high near to these spots. 
· More sampling sites from different depth profiles should be done in the future for better analysis on water quality.
 In short, our findings showed no serious parameters that would put this water into a bad quality standards of no use or hazardous. Therefore, this lake can be considered a healthy lake ecosystem.
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APPENDIX A: Results of water quality data

	Site: Prairie Lake, Cedar Falls (IA)
	
	
	
	
	
	
	
	
	
	

	Test: Field Parameters
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Weather: 
	Sunny & cold; wind is from NW to SE
	
	
	Weather: 
	Sunny and windy; wind from SE to NW

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	S. No.
	Sample_ID
	Date: 9/30/2011
	Sample_ID
	Date: 10/7/2011

	
	
	pH
	Temp
	Turb
	Cond
	TDS
	DO
	
	pH
	Temp
	Turb
	Cond
	TDS
	DO

	1
	NPL1
	8.14
	17
	6.68
	480
	329
	7.41
	NPL1
	9.02
	17.8
	79.5
	465
	321
	10.03

	2
	NPL2
	8.2
	15.7
	3.16
	472
	324
	8.28
	NPL2
	9.01
	17.8
	13.9
	469
	320
	11.58

	3
	NPL3
	8.03
	14.4
	5.16
	482
	332
	8.45
	NPL3
	8.94
	17.3
	8.75
	470
	324
	11.36

	4
	NPL4
	8.24
	16.3
	8.41
	479
	330
	8.46
	NPL4
	9.02
	17.8
	20.2
	472
	324
	11.11

	5
	SPL1
	7.94
	15.4
	8.24
	530
	364
	7.27
	SPL1
	8.72
	16.9
	11
	534
	368
	9.26

	6
	SPL2
	7.73
	14.8
	7.73
	562
	387
	8.33
	SPL2
	7.09
	16.6
	6.7
	1112
	765
	7.94

	7
	SPL3
	8.02
	14.7
	9.8
	531
	363
	8.37
	SPL3
	8.57
	16.6
	10.03
	537
	370
	8.51

	8
	SPL4
	8.13
	15.8
	5.79
	524
	364
	7.47
	SPL4
	8.6
	17
	8.61
	543
	375
	8.54

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Weather: 
	Sunny & windy; wind from W to E
	
	
	Weather: 
	Sunny & cold; almost no wind, still water

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	S. No.
	Sample_ID
	Date: 10/13/2011
	Sample_ID
	Date: 10/21/2011

	
	
	pH
	Temp
	Turb
	Cond
	TDS
	DO
	
	pH
	Temp
	Turb
	Cond
	TDS
	DO

	1
	NPL1
	8.1
	19.5
	8.03
	485
	335
	6.17
	NPL1
	7.97
	10.4
	1.25
	500
	345
	8.06

	2
	NPL2
	8.08
	18.1
	7.88
	485
	335
	6.57
	NPL2
	7.89
	10.5
	11
	501
	345
	7.36

	3
	NPL3
	8.08
	18.4
	12.3
	496
	340
	7.16
	NPL3
	7.93
	8.6
	4.06
	498
	345
	7.5

	4
	NPL4
	8.01
	17.4
	9.98
	505
	348
	5.88
	NPL4
	7.91
	10.4
	2.02
	504
	347
	7.46

	5
	SPL1
	8.49
	17.6
	11.2
	545
	376
	7.63
	SPL1
	8.1
	10.6
	8.25
	562
	387
	5.97

	6
	SPL2
	8.83
	17.8
	11.4
	540
	373
	9.8
	SPL2
	8.18
	10.4
	31
	576
	397
	9.06

	7
	SPL3
	8.86
	18
	13.9
	545
	376
	9.7
	SPL3
	8.35
	10.7
	4.16
	570
	389
	8.73

	8
	SPL4
	8.65
	18.3
	7.16
	550
	376
	7.4
	SPL4
	8.42
	10.1
	6.7
	566
	389
	7.95


	Site: Prairie Lake, Cedar Falls (IA)
	
	
	
	
	
	
	
	
	
	

	Test: Field Parameters
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Weather: 
	Cloudy, Partly sunny, wind from W to E
	
	
	Weather: 
	Cold, no wind

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	S. No.
	Sample_ID
	Date: 10/28/2011
	Sample_ID
	Date: 11/4/2011

	
	
	pH
	Temp
	Turb
	Cond
	TDS
	DO
	
	pH
	Temp
	Turb
	Cond
	TDS
	DO

	1
	NPL1
	7.85
	12.3
	4.7
	527
	361
	7.41
	NPL1
	8.17
	8.9
	0.9
	525
	359
	8.68

	2
	NPL2
	8.24
	14.6
	3.24
	516
	356
	8.25
	NPL2
	8.14
	9.1
	2.89
	522
	360
	8.62

	3
	NPL3
	8.02
	12.4
	4.67
	532
	365
	8.04
	NPL3
	8.1
	7
	30.8
	523
	360
	8.68

	4
	NPL4
	8
	13.1
	4.25
	543
	374
	8.04
	NPL4
	8.06
	8.8
	2
	524
	360
	8.57

	5
	SPL1
	8.4
	12
	9.35
	589
	402
	9.25
	SPL1
	8.1
	8.1
	7.36
	579
	400
	8.75

	6
	SPL2
	8.21
	12.7
	13.3
	692
	478
	11.43
	SPL2
	8.01
	7.7
	6.39
	858
	585
	9.17

	7
	SPL3
	8.64
	12.7
	9.89
	575
	392
	10.72
	SPL3
	8.17
	8.3
	6.32
	587
	405
	8.57

	8
	SPL4
	9.2
	12.2
	4.13
	571
	392
	16.06
	SPL4
	8.13
	7.6
	6.73
	590
	410
	7.87


	Test: Total Suspended Solids (TSS)
	
	
	
	
	

	
	
	
	
	
	
	
	

	S. No.
	Sample_ID
	9/30/2011
	10/7/20111
	10/13/2011
	10/21/2011
	10/28/2011
	11/4/2011

	1
	NPL1
	19.833
	239.667
	81.800
	8.800
	4.600
	2.200

	2
	NPL2
	9.000
	7.667
	14.167
	8.600
	3.000
	2.200

	3
	NPL3
	8.600
	12.000
	26.667
	39.800
	5.600
	27.200

	4
	NPL4
	6.00
	27.333
	10.800
	30.800
	6.000
	6.000

	5
	SPL1
	9.667
	10.000
	8.400
	6.800
	13.600
	5.000

	6
	SPL2
	8.333
	6.200
	17.800
	56.333
	14.400
	11.000

	7
	SPL3
	11.500
	9.400
	20.000
	8.800
	5.000
	9.000

	8
	SPL4
	6.333
	10.800
	6.400
	7.200
	5.200
	6.200


	Test: Nitrate (mg/L)
	
	
	
	
	

	
	
	
	
	
	
	
	

	S. No.
	Sample_ID
	9/30/2011
	10/7/20111
	10/13/2011
	10/21/2011
	10/28/2011
	11/4/2011

	1
	NPL1
	NA
	NA
	NA
	NA
	NA
	NA

	2
	NPL2
	NA
	NA
	NA
	NA
	NA
	NA

	3
	NPL3
	NA
	NA
	NA
	NA
	NA
	NA

	4
	NPL4
	NA
	NA
	NA
	NA
	NA
	NA

	5
	SPL1
	NA
	NA
	NA
	NA
	NA
	NA

	6
	SPL2
	NA
	2.9669
	NA
	NA
	NA
	NA

	7
	SPL3
	NA
	NA
	NA
	NA
	NA
	NA

	8
	SPL4
	NA
	NA
	NA
	NA
	NA
	NA


	Test: Sulfate (mg/L)
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	S. No.
	Sample_ID
	9/30/2011
	10/7/20111
	10/13/2011
	10/21/2011
	10/28/2011
	11/4/2011

	1
	NPL1
	20.7779
	23.4309
	22.9725
	24.653
	28.0423
	29.7626

	2
	NPL2
	20.7615
	22.7919
	22.6137
	24.591
	27.7023
	29.7472

	3
	NPL3
	20.9657
	22.6935
	23.7837
	24.677
	27.699
	30.9848

	4
	NPL4
	22.0842
	23.5901
	23.8585
	24.8294
	29.1038
	29.764

	5
	SPL1
	27.5002
	29.5375
	30.757
	33.8914
	37.0262
	38.8839

	6
	SPL2
	29.9805
	45.5891
	30.8709
	34.0859
	38.2911
	38.7511

	7
	SPL3
	27.7919
	29.4825
	31.2654
	34.1082
	37.3141
	39.0487

	8
	SPL4
	27.9317
	29.6464
	31.3595
	33.9968
	36.9283
	39.0619


	Test: Chloride (mg/L)
	
	
	
	
	

	
	
	
	
	
	
	
	

	S. No.
	Sample_ID
	9/30/2011
	10/7/20111
	10/13/2011
	10/21/2011
	10/28/2011
	11/4/2011

	1
	NPL1
	58.0549
	61.1858
	61.7544
	63.6231
	66.1042
	66.0413

	2
	NPL2
	58.5878
	61.2258
	61.796
	63.3918
	66.0138
	66.045

	3
	NPL3
	59.4862
	61.4821
	63.8716
	63.3776
	67.1482
	71.1122

	4
	NPL4
	62.8487
	61.9362
	66.8344
	64.2243
	72.4111
	66.1839

	5
	SPL1
	78.3173
	81.8034
	82.7149
	85.1192
	88.8646
	88.9358

	6
	SPL2
	109.63
	295.8853
	82.9861
	87.839
	108.4751
	89.1467

	7
	SPL3
	79.2025
	82.074
	83.1093
	85.4848
	88.7873
	89.0788

	8
	SPL4
	79.3128
	82.1919
	83.164
	85.4304
	89.2455
	89.2854


	Test: E. coli (CFU)
	
	
	
	
	

	
	
	
	
	
	
	
	

	S. No.
	Sample_ID
	9/30/2011
	10/7/20111
	10/13/2011
	10/21/2011
	10/28/2011
	11/4/2011

	1
	NPL1
	0
	20
	80
	0
	0
	0

	2
	NPL2
	20
	20
	0
	0
	0
	0

	3
	NPL3
	0
	0
	80
	0
	0
	0

	4
	NPL4
	20
	0
	160
	0
	0
	0

	5
	SPL1
	0
	0
	60
	0
	0
	0

	6
	SPL2
	0
	60
	20
	20
	0
	0

	7
	SPL3
	0
	0
	20
	0
	0
	0

	8
	SPL4
	20
	0
	40
	0
	0
	0


APPENDIX B: Photos
	         Analyzing samples 
	      Collecting waster sample for TSS 



	     Collecting water sample for E.coli 
	    Rinsing TDS meter with sample 

	
         Doing E.coli test

	
    Doing TSS



Figure 2: North Prairie Lake (Left) and South Prairie Lake (Right)





Figure 4: Easygel Coliscan (Left) and pouring media from bottle into the petri plate (Right)








Figure 5: Variation of Temperature between two lakes





Figure 6: Variation of pH between two lakes





Figure 7: Variation of conductivity between two lakes





Figure 8: Variation of TDS between two lakes





Figure 9: Variation of turbidity between two lakes





Figure 10: Variation of TSS between two lakes





Figure 11: Variation of DO between two lakes





Figure 12: Variation of chloride between two lakes





Figure 13: Percentage change in concentration 





Figure 14: Variation of sulfate between two lakes





Figure 15: Percentage change in concentration 





Figure: Variation of sulfate between two lakes





Figure 16: Variation of E. coli between two lakes





Figure 17: Comparing E. coli numbers between two lakes





Figure 18: Purple color showing the presence of E. coli





Figure 17: Seepage of water from field towards lake near NPL4





Figure 19: Purple color showing the presence of E. coli





Figure 18: Seepage of water from field towards lake near NPL4





Figure 20: Comparison of water quality parameters between two lakes
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