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Abstract: Trace amounts of pharmaceuticals and other chemical compounds in drinking water are known to have adverse effects on 
human health, animal health, and the environment. This research study will show the presence of pharmaceuticals and other chemical 
compounds in Flint River (Madison County, AL) and Flint Creek (Morgan County, AL). Along the Flint River, samples were taken 
at three sites: Winchester Road, Brian Fork, and Hobbs Road. Similarly, along Flint Creek, samples were taken at three sites: Vaughn 
Bridge, Mean Bridge and Red Bank Bridge. At each site, samples were taken at four locations: upland from the water, along the 
banks of the water, at the deposition sediment of the water, and within the surface water itself. Samples were collected and analyzed 
for the presence of and concentration of chemical compounds by Waypoint Analytical Laboratory using proprietary High-Pressure 
LC/MS/MS (Liquid Chromatography and Dual Mass Spectroscopy) methods. Between 14 and 26 chemical compounds were 
identified at each site, adding up to a total of 548 chemical compounds between Flint River and Flint Creek. The chemical 
compounds and their concentrations were recorded and then sorted into four categories: pharmaceuticals and personal care products 
(PPCPs), VOCs (Volatile Organic Compounds), petroleum compounds, and CECs (Contaminants of Emerging Concern). Between 
both Flint River and Flint Creek, PPCPs were the largest category of contaminants, comprising of 46% of compounds identified. This 
study demonstrates that Flint River and Flint Creek are potentially hazardous to Madison County and Morgan County residents, as 
trace concentrations of pharmaceuticals in drinking water can cause several health issues. 
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1. Introduction  

PPCPs (Pharmaceutical and Personal Care Products) 
have been detected in surface water, wastewater and 
drinking water [1-9]. The various level of removal of 
these CECs (Contaminants of Emerging Concerns) 
depends on the chemical, the operating conditions, and 
the treatment technologies [10-13]. Various methods of 
PPCPs removal through wastewater treatment plants 
have led to detection of these compounds in the 
aquatic environment, in the nanogram to microgram 
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per liter (ng/L to µg/L) concentration range worldwide 
[14-23]. Research has shown that certain PPCPs may 
have an impact on the environment at the microgram 
to nanogram per liter concentrations with a range of 
potential impacts [24-31]. As with other pollutants, 
the extent and nature of the health effect will depend 
on many factors including level of exposure and 
length of time exposed. 

Some immediate symptoms of exposure include 
respiratory tract irritation, headaches, dizziness, visual 
disorders and memory impairment. 

Recent studies by environmental researchers, 
chemical industries, water utility companies, and local 
environmental agencies have discovered high 
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Fig. 2  Map of Flint Creek (Left) and Flint River (Right) watershed sites. 
 

The land within this watershed is predominantly 
agricultural and has experienced significant recent 
residential growth from the city of Huntsville. Runoff 
from agricultural activities and urbanization 
contributed to organic enrichment and DO (Dissolved 
Oxygen) impairments in the lower mainstream of the 
Flint River in Alabama. Madison County, Alabama’s 
estimated population is 361,811 with a growth rate of 
1.36% in the past year according to the most recent 
United States census data. Madison County, Alabama, 
is the third largest county in Alabama. 

1.2 Flint Creek 

Flint Creek (Fig. 2 left) and its tributaries comprise 
150 miles of streams draining 291,000 acres of land in 
Cullman, Lawrence, and Morgan counties of North 
Alabama. The water level of the lower course of the 
creek is greatly affected by the reservoir levels along 
the Tennessee River. The creek is utilized by many 

residents of North Alabama, and Central Tennessee 
Valley in the Decatur area. 

2. Materials and Methods 

2.1 Sites 

Flint Creek and Flint River (Table 1) are two of 
Northern Alabama’s largest watersheds. In order to 
get accurate surveys of their water and soil quality, 
samples at multiple sites and locations were taken. 
Each site varies in elevation and provides a different 
geographical perspective for each watershed. The 
Flint Creek watershed is located at 34°30′ north 
latitude, 86°57′ west longitude. The Flint River 
watershed is located at 34°30′ north latitude and 86°28′ 
west longitude (Okweye, et. al, 2007; Table 1). Three 
sampling sites per watershed were chosen to collect 
water samples (Fig. 2). Sites along Flint Creek 
watershed were Vaughn Bridge, Mean Bridge, and 
Red Bank Bridge on Red Bank Road. Red Bank Road,  
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Table 1  Sites for both watersheds and their codes. 

Flint River (FR) Watershed (Huntsville, Alabama) 
Sites Stream Codes Coordinate Points Elevation 

1 Winchester Road WR-FR 34°30′12.5″ N 
86°28′00.4″ W 721.5 ± 19" 

2 Briar Fork Road BF-FR 34°47′23.15″ N 
86°29′05.4″ W 751.5 ± 36" 

3 Hobbs Island Road HR-FR 34°32′19.5″ N 
86°55′52.6″ W 660.5 ± 30" 

Flint Creek (FC) Watershed (Decatur, Hartselle, Alabama) 
Sites Stream Codes Coordinate Points Elevation 

4 Red Bank Road RB-FC 34°30′22.5″ N 
86°57′20.8″ W 788.5 ± 50" 

5 Means Bridge MB-FC 34°29′37.8″ N 
87°01′34.9″ W 602.5 ± 42" 

6 Vaughn Bridge Road VB-FC 34°27′48.15″ N 
86°57′52.4″ W 521.5 ± 56" 

 

which runs through Wheeler NWR (National Wild 
Refuge)-Dancy Bottoms Natural Trail, has an 
elevation of 788.5 ± 50″. Means Bridge, which is an 
intermediate site along Flint Creek, has an elevation of 
602.5 ± 42″. Vaughn Bridge, which in addition to 
Flint Creek intersects with Snow Hill Branch and 
Goose Creek, has an elevation of 521.5 ± 56″. Sites 
along Flint River were Winchester Road, Briar Fork 
Road, and Hobbs Island Road. Winchester Road, 
which intersects with the smaller Charles Creek just 
before it intersects with Flint River, has an elevation 
of 721.5 ± 19″. Briar Fork, located at Huntsville’s 
outer limits in Moore’s Mill, AL near Kalea Park, has 
an elevation of 751.5 ± 36″. Hobbs Island Road, 
which intersects the Flint River near David Gumm 
Farm, Stavemill Hallow and Burr Hallow, has an 
elevation of 660.5 ± 30″. 

2.2 Samples 

At each site, four different samples were taken. The 
first sample was taken upland, away from the body of 
water. This sample serves as a control, demonstrating 
the quality of soil that does not directly interact with 
the water. The second sample was taken at the banks 
of the water, where the body of water meets land. The 
third sample was taken at the deposition sediment 
within the body of water (Table 2). Deposition 
sediment is a dome-like gathering of sediment in the 

middle of the river that forms from transportation of 
sediment from runoff and erosion. This is the most 
ideal location for surveying chemical compounds; it 
has the most diverse set of sediment (Okweye et al., 
2013). The fourth sample was taken from the surface 
water (the running water itself). Upland, bank, and 
deposition samples were solids. Collected using  
small shovels and placed in containers for storing, 
concentrations of chemical compounds were measured 
in microgram per kilogram (μg/kg). The surface water 
samples were liquid. Collected using Baylors and 
placed  in  bottles  for  storing,  concentrations  of 
chemical compounds were measured in microgram per 
liter (μg/L). Samples were collected and analyzed for 
the presence of and concentration of chemical 
compounds by Waypoint Analytical using proprietary 
High Pressure LC/MS/MS (Liquid Chromatography 
and Dual Mass Spectroscopy) methods. High pressure 
 

Table 2  Codes for chemical categories and samples. 

Categories of Chemical Compounds at the Sites CODE 
a. Pharmaceutical and Personal Care Products PPCPs 
b. Volatile Organic Compounds VOCs 
c. Petroleum Compounds PCs 
d. Contaminants of Emerging Concern CECs 
Samples CODE 
a. Surface Water SW 
b. Depositional Sediment Dep 
c. River-Bank Sediment Bk 
d. Upland Sediment Samples Up 



The Presence of Contaminants of Emerging Concern (CECs) and Volatile Organic Compounds (VOCs) in 
Northern Alabama Aquatic Ecosystems 

 

81

liquid chromatography separates, identifies and 
quantifies each chemical compound in a solution or 
solid. It relies on pumps to pass a pressurized liquid 
solvent containing the sample mixture through a 
column filled with a solid adsorbent material. Dual 
mass spectroscopy, also referred to as tandem mass 
spectroscopy, utilizes two spectrometers to increase 
their ability to analyze the chemical components of a 
solution or solid. Between 14 and 26 chemical 
compounds were identified at each site, adding up to a 
total of 548 chemical compounds between Flint River 
and Flint Creek. 

3. Results and Discussion 

Between 14 and 26 contaminants were identified at 
each location, adding up to a total of 548 
contaminants between both watersheds. Once all the 
contaminants were identified, their concentrations 
were recorded. Concentrations of contaminants at 
Deposition Sediment, Bank Site, and Upland Site 
were recorded in μg/kg. Concentrations of 
contaminants in surface water were recorded in μg/L. 
Then, the chemical composition of each contaminant 
was analyzed and placed in one of four categories 
based on their characteristics: PPCPs, VOCs, 
petroleum compounds, and CECs. PPCPs are defined 
as substances used for personal health or cosmetic 
reasons. VOCs include a variety of chemicals, some of 
which may have short- and long-term adverse health 
effects. Petroleum compound are defined as fuel or 
crude oil. 

CECs are an all-inclusive category for contaminants 
that might not necessarily be “pollutants”—some 
happen naturally from anthropogenic activity. A small 
percentage of contaminants could not be identified by 
lab techniques, and were titled “Unknown”. These 
compounds were placed in a separate “Unknown” 
category in distribution graphs (Figs. 6 and 7). 

Fig. 1 shows the illustration of environmental 
contaminants sources and Fig. 7 shows the combined 
distribution of contaminants at Flint Creek and Flint 

River. By far, PPCPs are the largest category, 
comprising 56% of contaminants at the Flint Creek 
watershed. In second position are VOCs, which 
comprise of 30% of the distribution. CECs and 
petroleum compounds contribute smaller portions of 
the distribution, representing 8% and 6%, respectively. 
Fig. 6 shows the distribution of contaminants at Flint 
River. The distribution of compounds at Flint River is 
more uniform than that of Flint Creek. Still, PPCPs 
are the largest category, comprising 38% of the total 
distribution. CECs are second, comprising 22% of the 
distribution, followed by VOCs at 19%. Petroleum 
compounds comprise a comparatively large 16% of 
contaminants, while “Unknown” compounds were just 
5% of the data. Fig. 7 shows the overall combined 
distribution of contaminants between both Flint Creek 
and Flint River. Predictably, PPCPs are the largest 
category, comprising 46% of the combined 
distribution. VOCs are second at 24%, followed by 
CECs at 16%, petroleum compounds at 11%, and 
“Unknown” compounds at 3%. Fig. 8. Shows 
concentrations of NSAIDs (Non-steroidal 
Anti-inflammatory Drugs) reported in surface water 
samples from different countries compared to the 
North Alabama Watersheds (ng/L). 

Figs. 9-14 show the top five contaminants in terms 
of concentration at each location. PPCPs appeared 
made a total of 41 appearances in the top five, which 
is the most of all categories. The contaminant with the 
overall highest concentration was a PPCP at WR-FR 
in deposition sediment called 
1,2,3,5,6,7,8,8-Naphthalene, with a concentration 
2,382.1 μg/kg (Fig. 9). This is well over EPA 
(Environmental Protection Agency) Maximum 
Contaminant Levels for drinking water, surface water, 
ground water, municipal sewage, and agricultural soils. 
1,2,3,5,6,7,8,8-Naphthalene has not appeared in 
literature or chemical compounds databases, but there 
is information in databases about a similar compound 
called 1,2,3,4,5,6,7,8-Octahydronaphthalene. This 
compound is very toxic and corrosive, and has been 
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North Alabama watersheds and their potential effects 
on aquatic species because pharmaceuticals and 
personal care products were found in the Flint Creek 
above concentrations of environmental concern. 
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