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Introduction  
 

Carbamazepine is a drug primarily used in the treatment of epilepsy, trigeminal neuralgia, pain syndromes and 

diabetes insipidus etc. Several pharmaceutical and personal care products are being reported in streams, rivers 

and lake waters
1,2

. Many PPCPs, including carbamazepine have persistent properties that make them remain 

biologically active after they leave the body or are disposed in landfills and waters. Due to persistent and 

lipophilic properties, these compounds do not degrade and enter the food chain through bioaccumulation and 

biomagnifications
3,4

. Presence of pharmaceuticals in municipal wastewater, stream, and river waters is an 

increasing concern, likely to have adverse effects on aquatic organisms and our drinking water supply
5,6

.  

Carbamazepine is used worldwide as anticonvulsant and as analgesic. Several disorders including physical and 

mental illness, including epilepsy, trigeminal neuralgia, pain syndromes and diabetes insipidus, can be controlled 

by carbamazepine
7,8

. As one of the most frequently prescribed drug, carbamazepine (5H-dibenz[b,f]azepine-5-

carboxamide) was first synthesized by Schindler in the 1960s
9,10

.  It became a commercial drug later with several 

brand names of Tegretol, Carbatrol, Tegretol XR, Epitol etc. in different countries
11

.  The formula is C15H12N2O, 

and the chemical structure is shown in 0 with molecular weight of 236.27.  Carbamazepine is practically 

insoluble in water of 17.7 mg/L at 25 °C,
12  

however, it can dissolve in methanol, tetrahydrofuran, ethanol and 

acetone at room temperature
13

. The mechanism of action of this compound is to interface and stabilize voltage-

gated sodium channels, preventing brain cell from over activated state
10

.
  
However, the risks of using 

carbamazepine include toxic epidermal necrolysis (TEN) and Stevens-Johnson Syndrome (SJS).  It is about 

0.01-0.06% new patients using this drug get this negative effect
7
.
 
  Carbamazepine’s unique properties prevent 

this compound from biodegradation and rarely eliminated during wastewater treatment process
14

.  Very limited 

information is available on carbamazepine in stream and river waters and wastewater treatment plant samples.  

The objective of this study was to determine the levels of carbamazepine in water samples from wastewater 

treatment plant (WWTP) samples from Murray, Bee Creek, and Clarks River and five WWTP from Savannah, 

Georgia. 

 

Murray is a small town located in western Kentucky with a population of approximately 30,000 people. Murray 

is also home of the Murray State University, several pharmacies, private clinics and the Murray Calloway 

County Hospital.  The wastewaters from these facilities carry pharmaceutical residues that are transported along 

with waste to the local wastewater treatment plant. Savannah is a port city situated on the southeastern United 

States with a population of over 300,000 people.  There are five major wastewater treatment plants process the 

wastewaters from the city of Savannah residential, commercial and industrial operations.  Considering the nature 

of population of these towns, the use of carbamazepine is highly possible.  Based on the above attributes, we 

hypothesize that detectable levels of carbamazepine may be found in water samples from these locations.  
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Figure 1. Structure of Carbamazepine 

 

Materials and Methods 

 

Water samples were collected from various water resources in Murray and five WWTPs from Savannah, 

Georgia to study carbamazepine contamination levels. Three regions were selected for sampling in Murray, 

WWTP,. Bee Creek and Clarks River.  Sampling locations in Savannah include:  The WWTPs from The 

President Street, Wilshire Street, Cross Roads, Georgetown and Tybee Island.Were also selected for monitoring 

this pharmaceutical chemical.  Sampling dates were chosen from October 2010 through March 2011, occurring 

in fall, winter and spring.  Samples were collected using pre-cleaned I-Chem bottles and transported to lab in ice. 

Samples filtered through the Millipore apparatus with pre-ashed glass fiber filters of 0.45 μM under vacuum.  

Water samples passed through solid phase extraction (SPE-HLB) cartridges (purchased from Waters 

Corporation, MA, USA) under vacuum condition with a flow rate of 10 mL/min. The analytes were eluted using 

methanol:acetic acid 99:1 ratio solution.  Analyte elution was performed by 4×5 mL solution using elution 

manifold.  The eluant was evaporated to 1 mL using a gentle stream of nitrogen gas.  ELISA method (Abraxis 

ELISA kit, Il, USA) was used to quantitate carbamazepine in the water samples.     Absorbance was measured 

using a M6+ 450 nm filter Mini Photometer. 

 

Results and discussion 
 

Table 1 and Table 2 shows carbamazepine levels in water samples from MWWTP, Bee Creek, Clarks River and 

Red Duck Creek from western Kentucky and WWTPs from Savannah, Georgia.  Measurable levels of 

carbamazepine were detected in all samples analyzed.  Concentrations of carbamazepine ranged from 11.4 ng/L 

(Site F of Red Duck Creek) to 35.2 ng/L (WWTP effluent).  The concentrations were similar in Bee Creek, 

Clarks River and Red Duck (Range: 11.4-20.0 ng/L).  Carbamazepine levels in effluent of WWTP were about 

two times higher than all other sites (Range: 26.6-35.2 ng/L). 

 

Table 1. Concentrations of carbamazepine in Clarks River samples, Bee Creek and Murray Wastewater 

Treatment Plant (MWTTP) collected from October 2010 to March 2011. 

 

No. Date of 

Sampling 

Clarks River (ng/L) Bee Creek (ng/L) MWWTP (ng/L) 

Square Holland I-94 Upstream Downstream Effluent 

1 10/21/2010 15.7 17.9 13.5 16.0 33.7 

2 11/5/2010 17.4 17.6 14.6 15.4 29.4 

3 3/11/2011 16.8 17.2 13.7 17.9 35.2 

Mean - 16.6 17.6 13.9 16.4 32.8 
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Table 2. Concentrations of Carbamazepine in Wastewater Treatment Plant samples from Savannah, 

Georgia..(Int: Interfrence, NA: Not analyzed). 

 

Survey 

No. 

WWTP Location Influent 

(ng/L) 

Effluent 

(ng/L) 

1 President Street Int 330 

2 Wilshire Street Int 226 

3 Cross Roads Int 270 

4 George Town  Int 310 

5 Tybee Island NA 199 

 

Carbamazepine concentrations in Murray were shown in Table 1.  Carbamazepine concentrations ranged from 

15.7 ng/L to 17.9 ng/L in Clarks River, and concentrations in Clarks River at I-94 bridge, which is close to 

downtown, were higher than in Clarks River at Square Holland Road through each event.  Carbamazepine 

concentrations ranged from 13.5 ng/L to 17.9 ng/L in Bee Creek, and concentrations in upstream were lower 

than in downstream through each event.  This is reasonable that water from MWWTP combined Bee Creek in 

downstream.  Carbamazepine concentrations ranged from 29.4 ng/L to 35.2 ng/L in MWWTP, and 

concentrations in Effluent were understandably about twice higher than other sites. 

 

Carbamazepine concentrations in effluent water samples from Savannah, Georgia were shown in Table 2.  Due 

to matrix effect (Int. :interference), influent samples were unable analyze and determine the analyte 

concentrations. In effluent samples, carbamazepine concentrations ranged from 199 ng/L to 330 ng/L, Variation 

in concentration indicate various amounts of input of carbamazepine in these WWTPs.  Carbamazepine 

concentrations in WWTP samples from Savannah were one order magnitude higher than Murray WWTP and 

natural  water samples.  

 

In conclusion, measurable levels of carbamazepine were detected in all samples analyzed.  Carbamazepine levels 

in WWTPs in Savannah, Georgia  were considerably higher than all other sites.  Occurrences of carbamazepine 

in Bee Creek and Clark River waters indicate that this pharmaceutical chemical is a contaminant in the regional 

waters. Further studies with more number of samples are needed to determine environmental distribution, 

behavior and fate of carbamazepine in western Kentucky Watershed. 
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