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INTRODUCTION: The lack of access to safe drinking water for over 1.2 billion people is already one of the most perva-
sive problems in the world today. Unfortunately, a new, growing contamination problem may emerge as one of the most 
serious public health concerns yet, affecting both developing and developed nations. Widespread chemical contamination 
from pharmaceutical, industrial, personal care, and agricultural agents are finding their way into the drinking water 
supply, posing serious threats to public health. Already pharma-compounds including hormones and endocrine disrupters 
are thought to be the potential cause of the feminization of children and loss of fertility of males. This is a harbinger for 
future health problems, mirroring drastic changes observed in nature due to these agents. Of even more worry is that re-
cent studies show contrast agents used in medical imaging not only make their way into sanitary and then drinking water 
systems, but the very act of disinfecting the water creates some of the most potent geno- and cytotoxic compounds ever 
measured. What is even more frightening is that we know very little about the toxicity of thousands of pharma- and their 
decomposition products, nor how to remove them. Current treatment methods do not degrade many of the pharma-
contaminants, and may generate more toxic byproducts. In order for the U.S. EPA to regulate these compounds in our 
drinking water, practitioners first must be able to sense them, know how toxic they are to humans, and then be able to mi-
tigate them. Unfortunately, the basic science of pharma-product interactions in water and treatment systems is not known.  
 
OBJECTIVES: We recently observed that a widely distributed, pharmaceutical contaminant can be modified into bypro-
ducts when chlorine disinfection of drinking water is conducted. The conversion of a non-toxic pharmaceutical contami-
nant into toxic byproducts associated with water disinfection is a new and worrisome discovery.   
 
The primary objective of this project is to analyze source water contaminated with the X-ray imaging contrast pharma-
ceutical iopamidol before and after disinfection with chlorine. The specific objectives are to, (1) determine if this conta-
minant pharmaceutical is directly cytotoxic and genotoxic in mammalian and human cells, (2) determine if iopamidol is 
converted into byproducts after chlorine disinfection that are cytotoxic and genotoxic in mammalian and human cells, and 
(3) determine if there is a correlation between the formation of iopamidol-mediated iodinatated drinking water disinfec-
tion byproducts and toxicity. These results will be used as a foundation for a proposal to a federal agency (NIH, NSF or 
EPA) to fund this important research in pharmaceutical contamination of drinking water sources. 
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METHODOLOGY: We shall employ mammalian and human cell biological assays to quantitatively measure chronic 
cytotoxicity and the induction of genomic DNA damage induced by the X-ray contrast pharmaceutical agent iopamidol. 
Iopamidol belongs to a class of drugs that are employed to enhance the resolution of soft tissues by X-ray or MRI scan-
ning and are widely used by the medical industry (Figure 1) [1]. 
 
Media and Reagents:  
All laboratory chemicals will be reagent grade or higher. All laboratory glassware and 
plastic ware will be purchased from reputable vendors. RNase-free and DNase-free rea-
gents, pipet tips, plasticware and glassware will be kept separated from the general la-
boratory supply.  
 
Chinese hamster ovary cells: CHO cells are widely used in toxicology. The transgenic 
CHO cell line AS52 was derived from the parental K1-BH4 line. Clone 11-4-8 was iso-
lated from AS52 by Dr. E. Wagner [2]. The cells exhibit normal morphology, express 
cell contact inhibition, grow as a monolayer without expression of neoplastic foci, ex-
press a stable chromosome complement and a consistent cell doubling time as well as 
functional p53 protein. Stock cultures of the CHO cells will be frozen in a solution of 
90% fetal bovine serum (FBS):10% dimethylsulfoxide (DMSO) (v/v) and stored at −80°C. Cells will be grown on glass 
culture plates in Hams F12 medium plus 5% FBS at 37°C in a humidified atmosphere of 5% CO2. CHO cells will be 
transferred when the culture becomes confluent.  

Figure 1. Chemical structure of 
iopamidol. 

 
Human FHs Cells: Human embryonic small intestine cell line FHs 74int. FHs cells will be obtained from the American 
Type Culture Collection. These cells are non-neoplastic, diploid, reverse transcriptase negative, adherent, and exhibit cell 
contact inhibition. These non-transformed cells are not immortal and new cultures will be required periodically. FHs cells 
will be maintained in modified Dulbecco’s Hybricare medium with 2 mM L-glutamine plus 10% fetal bovine serum 
(FBS), 1% antibiotic (10 units/mL penicillin G sodium, 10 μg/mL streptomycin sulfate, 25 μg/mL amphotericin B, 0.85% 
saline) and 30 ng/mL human epidermal growth factor at 37°C in a humidified atmosphere of 5% CO2 [3]. 
 
Iopamidol Samples: Iopamidol will be obtained from Dr. Susan Richardson, U.S. Environmental Protection Agency, 
National Exposure Research Laboratory, Athens, Georgia. Dr. Richardson will chlorine-disinfect Athens/Clark County 
source water with and without 10 µM iopamidol. The organic disinfection byproducts (DBPs) from 20 L will be isolated 
and concentrated on XAD columns [4] and sent to our laboratory at the University of Illinois. We will also analyze iopa-
midol directly. In this proposal we refer to iopamidol and the organic extracts of iopamidol in disinfected water as iopa-
midol samples. 
 
Chronic Cytotoxicity Assay: Hypothesis – Iopamidol in water will express differential chronic cytotoxic responses in 
mammalian and human cells before and after chlorine disinfection. The chronic cytotoxicity assay measures the level of 
cytotoxicity as a function of the concentration of the test agent over a 72 h period [5]. A 96-well flat-bottomed microplate 
will be used to evaluate a series of iopamidol concentrations. One column of 8 wells will serve as the blank control (me-
dium only); the concurrent negative control column will consist of 3×103 cells plus medium. The wells of the remaining 
columns will contain cells, medium and a known concentration of iopamidol sample in a total of 200 µL. The wells will 
be covered with a sheet of sterile AlumnaSeal™ and the cells will be incubated for 72 h at 37°C at 5% CO2. After the 
treatment time, the medium from each well will be aspirated and the cells will be fixed and stained with a 1% crystal vio-
let solution. The microplate will be washed, 50 μL of DMSO/methanol (3:1 v/v) will be added to each well, and the plate 
will be analyzed at 595 nm with a BioRad microplate reader; the absorbancy of each well will be recorded and stored on a 
spreadsheet file. This assay was calibrated and there is a direct relationship between the absorbancy of the crystal violet 
dye associated with the cells and the number of viable cells [5]. The mean blank-corrected absorbancy value of the nega-
tive control will be adjusted to 100%; the absorbancy for each treatment group well will be converted into a percentage of 
the negative control. For each concentration of the iopamidol sample, 8 replicate wells will be analyzed per experiment, 
and the experiments will be repeated 2-4×. These data will be used to generate a concentration-response curve for each 
iopamidol sample. Regression analysis of the concentration-response curve will calculate the LC50 value (the iopamidol 
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sample concentration that induces a cell density that is 50% of the negative control). The data from the cytotoxicity expe-
riments will be transferred to Excel spreadsheets and for each iopamidol sample a one-way analysis of variance (ANO-
VA) test will be conducted to determine if the iopamidol sample induced a significant level of cell killing at a specific 
concentration. If a significant F value of P ≤  0.05 is obtained, a Holm-Sidak multiple comparison versus the control 
group analysis will be conducted. The power of the test statistic will be maintained as ≥  0.8 at α = 0.05. 
 
Genotoxicity Assay: Hypothesis – Iopamidol in water will express differential genotoxic responses in mammalian and 
human cells before and after chlorine disinfection. Single Cell Gel Electrophoresis (SCGE) is a molecular genetic assay 
that quantitatively measures the level of genomic DNA damage, including single and double strand breaks, incomplete 
excision repair sites and alkali-labile sites, induced in individual nuclei of cells [6]. The day before treatment, 4×104 cells 
will be added to each microplate well in 200 μL medium and incubated. The next day the cells will be washed with 
Hank’s balanced salt solution (HBSS) and treated with a series of concentrations of an iopamidol sample in medium with-
out FBS in a total volume of 25 - 50 μL for 4 h at 37°C, 5% CO2. The wells will be covered with sterile AlumnaSeal™. 
With each experiment a negative control, a positive control (3.8 mM ethylmethanesulfonate, EMS) and 9 concentrations 
of an iopamidol sample will be conducted concurrently. After incubation the cells will be washed and harvested. To 
measure acute cytotoxicity a 10 μL aliquot of cell suspension will be mixed with 10 μL of 0.05% trypan blue vital dye in 
phosphate-buffered saline (PBS). To reduce artifacts from high levels of cytotoxicity, SCGE data will not be used if the 
acute cytotoxicity exceeds 30%. The remainder of the cell suspension from each well will be embedded in a layer of low 
melting point agarose prepared with PBS and placed upon previously coated SCGE slides. After the microgels solidify on 
ice, a final layer of 0.5% low melting point agarose will be placed upon the previous layers. The cellular membranes will 
be removed by an overnight immersion in lysing solution at 4°C. The microgels will be placed in an alkaline buffer (pH 
13.5) in an electrophoresis tank at 4°C and the DNA will be denatured for 20 min and then electrophoresed at 25 V, 300 
mA (0.72 V/cm) for 40 min. The microgels will be neutralized with Tris buffer, pH 7.5, rinsed, dehydrated in cold metha-
nol, dried at 50°C and stored at room temperature. For microscopic analysis the microgels will be hydrated in cold water 
for 20 min and stained with 65 μL of ethidium bromide (20 μg/mL). The microgels will be rinsed and analyzed with a 
Zeiss fluorescence microscope with an excitation filter of 546/10 nm and a barrier filter of 590 nm. For each experiment 2 
microgels will be prepared per treatment group and nuclei will be analyzed in each microgel using a charged coupled de-
vice camera. A computerized image analysis system (Komet version 3.1, Kinetic Imaging Ltd., Liverpool, UK) will be 
employed to determine the tail moment (integrated value of migrated DNA density multiplied by the migration distance) 
of the nuclei as a measure of DNA damage. The digitalized data will be automatically transferred to a computer based 
spreadsheet for subsequent statistical analysis. The experiments will be repeated 3× for each iopamidol sample. The me-
dian tail moment value for each microgel will be calculated and transferred to a data spreadsheet with the acute cytotoxici-
ty of the treated cells. For each iopamidol sample a concentration-response curve will be generated. The data will be re-
gressed and the SCGE genotoxic potency value will be calculated. The SCGE genotoxic potency value represents the 
midpoint of the curve within the concentration range that expressed above 70% cell viability. For statistical analysis the 
median tail moment value for each microgel will be determined as described above and the data will be averaged amongst 
all of the microgels for each iopamidol concentration. The averaged median tail moment values obtained from repeated 
experiments will be analyzed with a one-way ANOVA test [7]. If a significant F value of P ≤  0.05 is obtained, a Holm-
Sidak multiple comparison versus the control group analysis will be conducted. The power of the test statistic will be 
maintained as ≥ 0.8 at α = 0.05. 
 
RATIONALE: The contamination of wastewaters, surface and ground waters by X-ray contrast pharmaceuticals have 
been widely studied in Germany where annually 500 metric tons of these pharmaceuticals are consumed annually [1]. 
Iodinated X-ray contrast media exhibit high biochemical stability and are excreted by patients usually within 24 h of 
treatment. In the environment iodinated X-ray contrast media are the main contributors to the burden of total absorbable 
organic halogens in clinical wastewater. In a recent study on the occurrence and toxicity of iodinated DBPs, (I-DBPs) we 
discovered that several drinking water plants generated highly toxic I-DBPs yet they did not contain free iodine in their 
source waters [8]. However, the source waters of these utilities were contaminated with iopamidol. Dr. Richardson dis-
covered that if iopamidol was added to a drinking water source water and chlorinated, I-DBPs were generated (Richard-
son, unpublished data). This suggests that highly toxic I-DBPs [9] may be generated in the process of drinking water dis-
infection if the intake water is contaminated with these X-ray contrast pharmaceuticals. We recently conducted a prelimi-
nary experiment in which Athens/Clark Co source water was chlorinated, with and without iopamidol. The results demon-
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strated that the sample that contained the iopamidol induced increased genotoxicity in mammalian cells (Plewa, unpub-
lished data) (Figure 2). These remarkable data indicate that a non-toxic, ubiquitous, pharmaceutical water contaminant can 
be transformed into byproducts that are highly genotoxic. We propose to generate sufficient preliminary data with this IL-
IN Sea Grant Development Project for use in the development of a research proposal to a federal agency. 
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Figure  2.  CHO  cell  SCGE  analysis  for  genomic  DNA 
damage  induced  by  the  samples  received  from Dr. 
Richardson’s  laboratory.  The  samples  are:  (1) 
Athens/Clark Co source water plus 10 µM iopamidol 
(open  squares),  (2)  Athens/Clark  Co  source  water 
plus  HOCl  (open  circles),  and  (3)  Athens/Clark  Co 
source  water  plus  10  µM  iopamidol  plus  HOCl 
(closed  circles).  The  values  listed  on  the  X‐axis  are 
concentration fold numbers of the original 10 L wa‐
ter  samples.  Thus  a  concentration  of  400× 
represents a 400‐fold concentration of  the organics 
isolated from the water sample. All the genotoxicity 
data presented here were derived  from  concentra‐
tions that did not induce >10% acute cytotoxicity. 
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2009 Development Pre-Proposal 
 
Dr. Michael J. Plewa, PI, University of Illinois at Urbana-Champaign 
 
Title: Toxic Byproducts Generated in Disinfected Drinking Water Contaminated with 
Pharmaceuticals 
 
The justification for the budget of this 2009 Illinois-Indiana Sea Grant Development Pre-
Proposal is listed below. The total direct costs are $6300. 
 

1. Human FHs 74int cells. These cells are non-transformed fetal intestinal cells that are not 
immortalized. Thus a culture must be purchased for each experiment. Cost plus shipping 
and handling @450. Four cultures will be required at a cost of $1800. 

2. Fetal bovine serum (highest quality) is necessary to provide growth factors for the CHO 
cells and the human FHs cells @500/500 ml. We will require 1500 ml at a cost of $1500. 

3. Cloned human growth factor. This reagent is specifically required for the human FHs 
cells. The cost is $600. 

4. Plastic/glassware and disposables, computer supplies and materials for safety, $900. 
5. Chemical reagents, cell culture media, N2 and CO2 gas cylinders, $700. 
6. Zeiss fluorescent microscope replacement halogen burners (for SCGE experiments), 

$800. 
 
Please note that Dr. Plewa will conduct the experiments listed in the pre-proposal and he will 
prepare the resulting research grant proposals to the federal agencies at no cost to the IL-IN Sea 
Grant Development project. Dr. Plewa’s time is listed as matching funds. 
 
The total indirect costs (F&A) are based on University of Illinois negotiated federal cost rate. 
Indirect costs is $3686 
 
Total direct and indirect funds = $9986. 
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