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Disclaimer 

The U.S. Environmental Protection Agency (EPA) through its Office of Research and 
Development and the Office of Water funded and collaborated in the research described herein 
under contract number EP-C-09-041 with Shaw Environmental and Infrastructure, Inc. It has 
been subject to an administrative review but does not necessarily reflect the views of EPA. No 
official endorsement should be inferred. EPA does not endorse the purchase or sale of any 
commercial products or services. 

Questions concerning this document or its application should be addressed to: 

John Hall 
National Homeland Security Research Center (NG-16) 
Office of Research and Development 
United States Environmental Protection Agency 
26 W. Martin Luther King Dr. 
Cincinnati, OH 45268 
(513) 487-2814 
Hall.john@epa.gov 
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ORP Oxygen Reduction Potential 
pH Percent Hydrogen 
T&E Test and Evaluation Facility 
TOC Total Organic Carbon 
UVA Ultraviolet Absorbance 
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Executive Summary 
Bench-scale experiments were conducted to measure the response of water quality parameters to 
contaminants that are potential threats to the drinking water supply. The experiments were 
conducted in beakers at the United States Environmental Protection Agency ( U.S. EPA) Test 
and Evaluation (T&E) Facility in Cincinnati, Ohio. Five different types of finished waters from 
four municipalities within the United States were evaluated. Numerous studies have evaluated 
the response of water quality parameters to injected contaminants for a specific water matrix 
(Hall et al., 2007). However, end users of the data have expressed concerns about whether a 
utility with different source waters or treatment regimes would experience the same dose 
response as EPA observed. Therefore, more data comparing these responses across various 
treated waters are provided in this data set to address these concerns. The data are provided in 
excel spreadsheets in the appendices of this report. An example spreadsheet explaining each data 
field is also provided for nicotine. The water community can use these spreadsheets to select the 
source water and treatment most representative to their utility and build specific dose response 
curves. An example dose response curve for oxamyl is developed and presented from this data in 
Section 3. Optimally, these dose response curves can be used to infer a contaminant 
concentration due to a given deflection or change in a water quality parameter. 

This data set was prepared in support of the EPA’s Water Security Initiative, which is being 
implemented by the Office of Water. This data set was summarized and presented at the 2010 
American Water Works Association Water Quality Technology Conference in Savannah, 
Georgia (Allgeier et al., 2010). This data set provides response data for chlorinated and 
chloraminated surface waters and for filtered and unfiltered treated waters. It also provides data 
for chlorinated groundwater. 

Sixteen selected chemical, biological and radiological (surrogate) contaminants were used at 
varying concentrations. The water quality parameters of free and total chlorine, total organic 
carbon, pH, specific conductance, oxidation-reduction potential, and ultra violet- visible light 
(UV-Vis) absorbance were evaluated. The data are presented in Excel® (Microsoft Inc., 
Redmond, WA) spreadsheets.  An example spreadsheet for nicotine explaining the data fields is 
provided in the Appendices to this report 

In general, the data showed that the type of disinfectant, treatment process, or water source did 
not greatly affect the water quality parameter response to the injected contaminants. There was 
an overall slower parameter response time for chloraminated waters than for chlorinated waters. 
Free and total chlorine along with total organic carbon (TOC) were the most responsive to the 
wide range of contaminants tested. Also, the parameter of UV-Vis absorbance was a useful 
substitute for traditional UV persulfate-based TOC detectors and was not affected by varying 
water types. Per the detection thresholds defined in section 3 of this report, the data sets for all of 
the waters tested showed consistently that the TOC response via the UV persulfate method was 
able to detect 62.5 % of the injected contaminants while UV-Vis surrogate TOC was able to 
detect 37.5 %. Free and total chlorine were also able to detect 62.5 % of the contaminants. 
However, the true value of this data set is the afore mentioned ability to develop specific and 
representative dose response curves. 
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1 Introduction 
Concern over the risk of deliberate 
contamination of drinking water 
systems, and research aimed at 
mitigating this risk, has intensified with 
the spate of global terrorist activity. The 
U.S. Environmental Protection Agency 
(EPA) has devoted research efforts to the 
early detection of contaminants within a 
drinking water system.  Data in this 
report describes the response of water 
quality parameters to the injection of 16 
selected chemical, biological, and 
radiological (surrogate) contaminants in 
a laboratory. The data were generated in 
order to build parameter response curves 
for various types of drinking waters with 
an ultimate goal of improving event 
detection. Though several studies have 
been performed that provide 
contaminant response data for a single 
water matrix (Hall, et al., 2007 and 
Szabo et al., 2008), the question of 
applicability to other finished waters is 
often raised. End users of the data have 
expressed concerns about whether a 
utility with different source waters or 
treatment regimes would experience the 
same dose response as EPA observed. 

The objectives of this study were to: 
•	 Evaluate water quality parameter 

response times using five test 
waters and 16 water security 
contaminants under controlled 
conditions. 

•	 Develop tabular summaries, 
graphical representations and 

empirical relationships for each 
combination of water source, 
contaminant, and water quality 
parameter.  The data can be used 
to interpolate or infer responses 
from similar water types and 
contaminants. Dose response 
curves can be built from this data 
which will allow the end users to 
choose the water type and 
treatment method most similar to 
their utility. An example dose 
response curve is developed and 
presented for oxamyl in Section 
3. 

The goal of this data report is two-fold: 
(1) to summarize the response data for 
the aforementioned project and (2) to 
provide the data and data collection 
methods to the broader research 
community.  This document, containing 
both the data collection methods and the 
data, is available online through the 
National Homeland Security Research 
Center (NHSRC) website 
(www.epa.gov/nhsrc/). Therefore, any 
publications generated from the 
aforementioned project can reference 
this data and the data is easily accessed. 
In addition, the data provided in this 
open format is accessible to and 
available for use by other researchers in 
the fields of event detection algorithms, 
data modeling or water quality. 
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2 Materials and Methods 

2.1 Test Samples 

Five different test waters were collected 
for this experiment from four different 
municipalities (see Table 1). The 
collected water was shipped overnight 
on ice to the laboratory. All the collected 
water was stored in the refrigerator until 
use.  The water to be used in the 
experiments was removed from the 
refrigerator on the night before the 
experiments to bring the water 
temperature to room temperature 
(~20ºC). The water removed from the 
refrigerator sat in the Organics 
Laboratory, where the overnight shift of 
room temperature is less than 5 ºC. 

The test waters from these 4 
municipalities cover a broad range of 
variable and are representative of most 
treated drinking waters within the United 
States. Waters number 1 and 5 are 
supplied from rivers. Waters number 3 
and 4 are supplied from surface water 
lakes and reservoirs. Water number 2 is 
supplied from groundwater. Waters 
number 1, 2 and 3 are chlorinated and 
waters 4 and 5 are chloraminated.  
Waters number 3 and 4 are unfiltered. 
Water number 1 has conventional 
treatment followed by granular activated 
carbon filtration. 

Table 1. Detail for Source Waters Utilized in this Study (Five Municipalities) 

Water Identification 
Number 

Water source Filtration Chemical disinfection 

1 
River Granular activated 

carbon filtration 
Chlorinated 

2 Groundwater Filtered 
Chlorinated 

3 Lake Unfiltered Chlorinated 
4 Primarily snow melt Unfiltered Chloraminated 
5 River Filtered Chloraminated 
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2.2 Test Parameters 

The water quality parameters listed in Table 2 were evaluated. 

Table 2. Water Quality Parameters and Instruments 
Parameter Instrument Trade name or model Manufacturer or 

Supplier 
pH Handheld 

multiparameter 
instrument 

YSI 556 YSI Inc.,Yellow 
Springs, Ohio Specific 

Conductance 
Oxidation 
Reduction 
Potential 
pH pH/Ion Selective 

electrode meter 
Orion™ pH/ISE Thermo Fisher 

Scientific, 
Waltham, MA 

Oxidation 
Reduction 
Potential 
Specific 
Conductance 

Conductivity meter Extech® Davis 
Instruments, 
Vernon Hills, IL 

Total Organic 
Carbon (TOC) 

TOC analyzer Phoenix Teledyne Tekmar, 
Mason, Ohio 

Free and Total 
Chlorine 

Spectrophotometer Hach® DR2700 Hach Company, 
Loveland, 
Colorado UV-Vis 

Absorbance 
Hach® DR/4000 

2.3 Testing procedures 
The testing was conducted under a fume 
hood. Approximately 1550 milliliters of 
each water matrix to be tested was added 
to a 2 liter test beaker on a spin plate as 
per the test procedures listed below. 

The purpose of the Day 1 testing was (1) 
to prepare the control and test beakers 
and (2) to then record WQ parameters 
following injection of contaminants into 
the water types. 

The purpose of the Day 2 testing was to 
ensure that the control sample without 
contaminant added provided stable 
readings the next day and that chlorine 
decay due to exposure to air and light at 
room temperature had been completed. It 
was also an important data point for the 

test beaker with the contaminant added 
because it provided a 24 hour sample. 
The injection testing and sampling was 
performed over a relatively short time 
period of approximately 45 minutes. 
Previous studies have indicated that the 
water quality parameters react quickly 
with added contaminants, but not in all 
cases, especially with chloraminated 
waters. However, the 24 hour sample 
provided some insight into contaminants 
with delayed reaction kinetics. 

Day 1 

1.	 Prepare solutions of the 
contaminants in nanopure™ 
ultrapure water (MilliQ™ water 
produced on site at the T&E Facility 
by Barnstead/Thermolyne Model 
#D871). 
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2. 	 Calibrate instruments. 

3.	 Check temperature of test water left 
out overnight. 

Preparing the Control Beaker and 
Recording Parameters 
4.	 Pour 1550 mL of test water into a 2

L glass beaker and mark it as control 
beaker. Continuously stir the water 
with a stir bar. 

5.	 Insert calibrated probes into control 
beaker. 

6.	 When readings are stable, record 
baseline readings of the pH, specific 
conductance, oxidation reduction 
potential water quality (WQ) 
parameters. Collect baseline readings 
for the spectrophotometer (15 ml for 
free/total chlorine analysis and 10 ml 
for UV-Vis analysis, conduct these 
analyses immediately and discard 
sample). Then collect the 40 ml TOC 
baseline sample using a 50-mL 
pipette and preserve with phosphoric 
acid for the TOC analysis.  
Refrigerate preserved TOC sample. 

7.	 Inject nanopure water at a volume 
representative of the experimental 
conditions for the experimental batch 
day (less than 15 ml) into the control 
beaker. 

8.	 Record WQ parameter values. 
Collect 25ml spectrophotometer 
sample (15 ml for free/total chlorine 
analysis and 10 ml for UV-Vis 
analysis), conduct these analyses 
immediately and discard sample. 
Collect, preserve, and refrigerate 40 
ml TOC sample. 

9.	 Remove probes and decontaminate 
by rinsing with unused test water. 

10. Cover the control beaker and set it 
out on the bench for later 
measurement. 

Preparing the Test Beakers and 
Recording Parameters 
11. Fill 4 more 2-liter glass test beakers 

with 1.5 liters plus 50 ml of test 
water for the day’s testing and cover 
them with Parafilm® (Pechiney 
Plastic Packaging Company, 
Chicago, Illinois) wrap and place on 
the bench at ambient temperature. 

12. Take one of the test beakers from 
step 11 and insert the rinsed probes. 
Continuously stir the water with a 
stir bar. 

13. When readings are stable, record 
baseline readings of WQ parameters 
and spectrophotometer (15 ml for 
free/total chlorine analysis and 10 ml 
for UV-Vis analysis); conduct these 
analyses immediately and discard 
sample. Collect the 40 ml baseline 
sample for the TOC analysis, 
preserve, and refrigerate sample. 

Comparing the Control Beaker and 
Test Beakers 
14. Compare the baseline WQ parameter 

values (except for TOC) of the 
control beaker to the test beaker. If 
values are within 10%, proceed with 
testing, go to step 15. If not, collect 
new control and test beakers. (Return 
to step 1, 2 or 3, as needed.) 

Injecting Contaminants into the Test 
Beaker and Recording Parameters 
15. Inject Concentration 1 of 

Contaminant 1 into the test beaker. 
Continuously stir the water with a 
stir bar. 

16. Record WQ parameter values when 
they become stable. Collect 25 ml 
spectrophotometer sample (15 ml for 
free/total chlorine analysis and 10 ml 
for UV-Vis analysis); conduct these 
analyses immediately and discard 
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sample.  Collect, preserve, and 
refrigerate 40 ml TOC sample. 

17. Repeat steps 15 and 16 for 
Concentration 2 of Contaminant 1. 

18. Repeat steps 15 and 16 for 
Concentration 3 of Contaminant 1. 

19. Repeat steps 15 and 16 for 
Concentration 4 of Contaminant 1. 

20. Repeat steps 15 and 16 for 
Concentration 5 of Contaminant 1. 

21. Remove and rinse off WQ probes 
with test water. 

22. Collect a 1000 ml sample headspace
free in a 1000 ml amber glass bottle 
with Teflon-lined cap (call this 
sample as a bottle point sample), and 
place on bench overnight at ambient 
temperature (~20 ºC). 

23. Using the 2nd test beaker, insert 
rinsed probes. 

24. Repeat steps 13 thru 22 for baseline 
and 5 concentrations of Contaminant 
2. 

25. Using the 3rd test beaker, insert 
rinsed probes. 

26. Repeat steps 13 through 22 for 5 
concentrations of Contaminant 3. 

27. Using the 4th test beaker, insert 
rinsed probes. 

28. Repeat steps 13 through 22 for 5 
concentrations of Contaminant 4. 

Obtaining End-of-Day Baseline 
Readings and Preparation for Day 2 
29. Insert rinsed probes into control 

beaker and measure the end-of-day 
baseline readings. When readings are 
stable, record readings of WQ 
parameters and spectrophotometer 
(15 ml for free/total chlorine analysis 
and 10 ml for UV-Vis analysis); 

conduct these analyses immediately 
and discard sample. Collect the 40 
ml baseline sample for the TOC 
analysis, preserve, and refrigerate 
sample. 

30. Collect a 1000 ml headspace-free in 
a 1000 ml amber glass bottle with 
Teflon®-lined cap (call this sample 
as a bottle point control sample), and 
place on bench overnight at ambient 
temperature (~20 ºC). 

Wash glassware; discard excess test 
waters, store the probes, and clean 
the lab. Glassware was cleaned with 
Alconox® (Alconox Inc., White 
Plains, NY) soap and rinsed 3 times 
by tap water and 3 times by DI 
(deionized) water. Probes were 
rinsed with DI water. All glassware 
and probes were rinsed by the “test 
water” prior to use. 
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Day 2 

The purpose for Day 2 sampling is to 
measure the extent of free or total 
chlorine degradation over a 24-hour time 
period. 

Run the bottle point samples from day 1 
(5 samples: 1 control plus 4 test 
samples). 

1.	 Calibrate instruments. 

Recording Parameters 
2.	 Pour Control bottle point sample 

from Day 1 into a 2-L glass 
beaker and insert calibrated 
probes. Record WQ values when 
they become stable and collect a 
25ml spectrophotometer sample 
(15 ml for free/total chlorine 
analysis and 10 ml for UV-Vis 
analysis) and conduct these 
analyses immediately and discard 
sample. Collect a 40 ml sample 
for TOC analysis, preserve with 
phosphoric acid, and refrigerate. 
Remove probes and rinse with 
test water. 

3.	 Pour Contaminant 1 bottle point 
sample into a beaker and insert 
rinsed and calibrated probes. 

4.	 Record WQ values when they 
become stable and collect a 25ml 
spectrophotometer sample (15 ml 
for free/total chlorine analysis 
and 10 ml for UV-Vis analysis); 
conduct these analyses 
immediately and discard sample. 
Collect a 40 ml sample for TOC 
analysis, preserve with 
phosphoric acid, and refrigerate. 
Remove probes and rinse with 
test water. 

5.	 Compare bottle point results 
(except TOC) to last recorded 
readings from Concentration 5 of 
Contaminant 1. If the values are 
within acceptable range (20%), 
then Day 1 values for 
Contaminant 1 will be used. If 
not, a kinetics study should be 
performed in order to obtain 
reaction rates. A kinetic study is 
a measurement of contaminant 
concentration change over time 
in the presence of a reactant. 

6.	 Repeat steps 3, 4, and 5 for 
Contaminant 2 bottle point 
sample. 

7.	 Repeat steps 3, 4, and 5 for 
Contaminant 3 bottle point 
sample. 

8.	 Repeat steps 3, 4, and 5 for 
Contaminant 4 bottle point 
sample. 

9.	 Start with Day 1 step 3 and go 
through step 30 for Day 2 
Control and 5 Concentrations of 
Contaminants 5, 6, 7, and 8. 

10.	 Wash glassware, discard excess 
test waters, store the probes, 
clean the lab. 

Keep repeating Day 2 procedure until all 
contaminants have been run. 

Table 3 lists the contaminants that were 
evaluated in this study. The water 
quality responses to each contaminant 
were measured at five concentrations 
between zero and a reference 
concentration.  The listed reference 
concentration represents the maximum 
concentration used for testing. If 
measureable water quality responses 
were observed at lower concentrations, 
then the higher concentration injections 

6
 



 
 

  
    

  
 

  
 

 

 

  

were not conducted. Contaminant doses and four additional concentrations were 
were selected to generate a 5 point run based on the water quality changes 
response curve. Historical data was used observed in the previous doses. 
to select an initial starting concentration 
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Table 3. List of Contaminants, Class, and Reference Concentrations
 
Contaminant Class Reference Concentration 
Unleaded Gasoline 
87 from BP Petroleum Products 10 mg/L 

Potassium cyanide Reactive Pesticides 50 mg/L 

Aldicarb Reactive Pesticides 70 mg/L 

Oxamyl Reactive Pesticides 200 mg/L 

Sodium arsenite Metals 42 mg/L 

Mercuric chloride Metals 105 mg/L 

Strychnine Plant Toxin 50 mg/L 

Nicotine Plant Toxin 50 mg/L 

Sodium fluoroacetate Non reactive Pesticides 35 mg/L 

Phorate 
Surrogate for an Organophosphate 

(OP) Chemical Warfare Agent (CWA) 
(also a class 2a pesticide) 

70 mg/L 

Cesium chloride Radionuclides 2 mg/L 
sodium thiosulfate 
pentahydrate 

Dechlorinating agent (co-contaminant 
with bacterial toxins) 5 mg/L 

Sporulation Media Nutrient Media (co-contaminant with 
bacterial agent) 

Volume required for 103, 105 and 
108 CFU/mL Bacillus globigii in 

matrix water 

Trypticase Soy Broth 
(TSB) 

Nutrient Media (co-contaminant with 
bacterial agent) 

Volume required for 103, 105, 

108 CFU/mL B. globigii in matrix 
water 

B. globigii washed Clean Pathogen with sodium 
thiosulfate pentahydrate (5 mg/L) 

103, 105 and 108 CFU/mL B. 
globigii in matrix water 

B. globigii with 
sporulation media 

Dirty pathogen with sodium thiosulfate 
pentahydrate (5 mg/L) 

103, 105 and 108 CFU/mL B. 
globigii in matrix water 

BP, British Petroleum; CFU, colony forming units; CWA, Clean Water Act 
Bacillus globigii spores were obtained from Dugway Proving Grounds in Dugway, Utah 
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Table 4 shows the solubility of the chemical contaminants to be evaluated in this study. 
It should be noted that saturation limits were not exceeded during the study. 

Table 4.  Contaminant Solubility Limits 

Cesium 
Chloride 

Compound 

7647-17-8 

CAS registry 
number 

1860 g/L 

Solubility 

20oC 

Temperature 

www.fishersci.ca/viewmsds.d 
o?catNo=C2425 

Reference 

Sodium 
Arsenite 
(powder) 7784-46-5 Very Soluble1 sciencelab.com/msds.php?msds 

Id=9924962 

Mercuric 
Chloride 7487-94-7 7.4 g per 100 

ml 20oC ch.ntu.edu.tw/~genchem99/msd 
s/exp11/HgCl2.pdf 

Sodium 
Thiosulfate 
Pentahydrate 

Oxamyl 

10102-17-7 

23135-22-0 

680 g/L 

280 g/L 

20oC 

25oC 

sciencelab.com/msds.php?msds 
Id=9927606 

extoxnet.orst.edu/pips/oxamyl.ht 
m 

PCB-1260 

Aldicarb 

011096-82-5 

116-06-3 

0.027 mg/L 

6,000 ppm 

25oC 

Room 
temperature 

ull.chemistry.uakron.edu/erd/Ch 
emicals/2000/1917.html 

extoxnet.orst.edu/pips/aldicarb.h 
tm 

Potassium 
Cyanide 151-50-8 237 g/L 25oC ull.chemistry.uakron.edu/erd/Ch 

emicals/8000/6939.html 

Sodium 
Fluoroacetate 

Phorate 

Strychnine 

62-74-8 

298-02-2 

57-24-9 

111 g/dL 

50 mg/L 

140 mg/L 

25oC 

25oC 

inchem.org/documents/pims/che 
mical/pim494.htm 

inchem.org/documents/pds/pds/ 
pest75_e.htm 

ull.chemistry.uakron.edu/erd/Ch 
emicals/8000/7086.html 

Nicotine 

Gasoline 

54-11-5 

No CAS # 

Completely 
miscible 

Negligible to 
slight 

sigmaaldrich.com/MSDS/MSDS/ 
DisplayMSDSPage.do?country= 
US&language=en&productNumb 
er=N3876&brand=SIGMA&Page 
ToGoToURL=http%3A%2F%2F 
www.sigmaaldrich.com%2Fcatal 
og%2Fproduct%2Fsigma%2Fn3 

876%3Flang%3Den 
hess.com/ehs/msds/9950Gasoli 

neAllGrades.pdf 
1: Solubility data is not available. CAS®, Chemical Abstract Services 
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3 Results 
For the purposes of quantifying detection, certain thresholds needed to be established. In 
other words, what minimum deflection of the response signal would be considered a 
detection of a water quality event due to the added contaminant? The following detection 
thresholds were established based upon historical data and experience with the water 
quality sensors: 

TOC UV persulfate method 0.2 mg/l 
UV-Vis absorbance (TOC surrogate) 0.005 UVA units 
Chlorine residual (free and total) 0.2 mg/l 
Conductivity 25 us/cm 
Oxygen Reduction Potential (ORP) 50 mv 
pH 0.2 pH units 

These detection thresholds and data sets provided in the attachments can be used to 
develop response curves and compare sensor responses across varying water types. An 
example of a typical response curve which can be developed is provided below. 

Using the detection thresholds listed above and the attached data sets, it was observed 
that the water type was not a major factor affecting the water quality response to the 
study contaminants. The study results consistently showed the UV persulfate method 
was better at detecting TOC than the UV-Vis method, with percent detections of 62.5 and 
37.5, respectively.  Free and total chlorine methods were also able to detect the study 
contaminants 62.5% of the time. 
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Appendices 
Example Excel Data Table With Explanation Bullets 
Water 1 Chlorinated Source Water (River) with GAC Treatment 
Water 2 Chlorinated Ground Water with Conventional Treatment 
Water 3 Chlorinated Unfiltered Water (Lake) 
Water 4 Chloraminated Unfiltered Source Water 
Water 5 Chloraminated Source Water (River) with Conventional Treatment 
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