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Why the concern?

Many ground water sources are susceptible to viral pathogens 
(e.g. hepatitis, rotavirus, noroviruses and enteric viruses) or 
bacteria (e.g. E. coli, Shigella, cholera, Salmonella).  Viral 
pathogens are often contained in human feces.  These feces sub-
sequently may contaminate drinking water through a variety of 
means including leaking sewer lines and failed septic systems.  

Who does it affect?  

The rule applies to all 1) public water systems (PWS) serv-
ing ground water and 2) public water systems that mix surface 
water with groundwater that is added directly to the distribution 
system without treatment.

Why was it implemented?

The rule was published in the Federal Register on November 
2006 to provide an increase in protection against microbial 
pathogens.  It is estimated that it will protect over 100 million 
persons in the United States by identifying signiþ cant deþ cien-
cies in water systems that will ultimately lead to corrective 
actions addressing the contamination.

What is its strategy for 
protecting consumers?

1) Sanitary surveys will be conducted on the eight 
critical elements of a PWS and the identiþ cation of 
deþ ciencies.

2) Corrective action for all deþ ciencies or fecal 
contamination.

3) Source water monitoring will be required if a sample 
tests positive during the Total Coliform Rule monitor-
ing and assessment monitoring, if the system is not al-
ready treating to remove a 4-log reduction of viruses.

4) Compliance monitoring verifying a 4-log reduction in 
viruses from the treatment technology installed.

So what are the eight critical 
elements of the sanitary survey?

1) Source, 2) Treatment, 3) Distribution systems, 
4) Finished water storage, 5) Pumps, pump facilities and 
controls, 6) Monitoring, data reporting and veriþ cation, 
7) Management and operations, and 8) State operator 
compliance requirements.

Understanding the New Ground Water Rule
by Mitch Spear (jms63@psu.edu)

How do you deþ ne a deþ ciency?

Deþ ciencies may include design defects, treatment or opera-
tion error or malfunction that may lead to an introduction of a 
contaminant reaching a customer.  Each state will be required to 
deþ ne one example of a deþ ciency for each of the listed eight 
sanitary survey elements.  

Is my system at high risk?

U.S. EPA suggests states consider targeting systems that match 
the following descriptors:

1) High population density in combination with 
on-site wastewater treatment systems

2) Sensitive aquifers such as karst or fractured 
bedrock

3) Shallow unconþ ned aquifers
4) Aquifers with restrictive geographic extent 

including barrier island sand aquifers
5) Aquifers with absent or little soil cover
6) Perviously identiþ ed well with fecal 

contamination

How long do I have?

States have two years to adopt the rule.  
December 1, 2009 ð Compliance date for triggered monitoring 
and associated corrective actions and compliance monitoring.
December 31, 2012 ð State must have completed the initial 
round of sanitary surveys for the majority of PWSs.
December 31, 2014 ð Sanitary surveys must be completed for 
PWS that have been identiþ ed as outstanding performers and all 
noncom unity water systems.

Where do I þ nd additional 
information?

http://www.epa.gov/safewater/disinfection/gwr/index.htmlhttp://www.epa.gov/safewater/disinfection/gwr/index.html



subject area for the 2004 and 2005 exams.  This indicates that operators 
receiving training before taking the exam were more likely to answer 
questions correctly than operators not receiving pre-certiþ cation exam 
training (þ gures 1 and 2).     

The majority of the distribution of points is above the diagonal line, 
meaning operators who received training scored higher.  If the majority 
of the points were on or near the diagonal line, the impact of pre-exam 
training on operatorsõ scores could not have been considered statistically 
different from the exam scores of operators not receiving training.

This study suggests operator training is effective in increasing 
the success rate on the exams for Pennsylvania operators.  However, 
more information and data is needed to conduct a similar analysis for 
the remaining three states studied.  

Final Recommendations:  The author believes operators consid-
ering the Drinking Water Operator Certiþ cation Exam participate in 
training courses prior to taking the exam.  This should increase the 
number of correctly answered questions and ultimately increase the 
likelihood of becoming a certiþ ed operator.  In addition, states should 
closely monitor their òAreas of Concernó to better tailor their future 
training needs.

For more information on this study please contact Rick Ristau II 
(rjr225@psu.edu) or Alison Shuler (ajs28@psu.edu).
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An evaluation of Drinking Water Operator Certiþ cation Exams 
from four states within the U.S. EPAõs Region III was conducted by 
the Small Public Water Systems Technology Assistance Center (SP-
WSTAC).  The results of this study were recently presented at the 20th

annual Association of Boards of Certiþ cation (ABC) Conference on 
Jan. 19, 2007 in Savannah, Ga.  There were numerous people in at-
tendance, representing a large number of states belonging to the ABC.  
The presentation generated many questions and comments regarding 
state training programs.  Several audience members discussed the 
importance of operators completing training courses before taking the 
Certiþ cation Exam.  Results of this study support the value of pre-
Certiþ cation Exam training.

Delaware, Maryland, Virginia, and Pennsylvania participated in 
the evaluation.  The exams included in this study were from operators 
of small and very small systems.  The U.S. EPA considers small water 
systems to be systems supplying water to less than 3,300 people.  The 
focus of this evaluation was to identify potential òAreas of Concernó on 
the certiþ cation exams.  òAreas of Concernó were deþ ned by identifying 
questions that were frequently answered incorrectly.  This may provide 
the states a focus area for future training programs.  

Exam information for Virginia and Maryland was gathered 
through the ABC.  The ABC had previously arranged exam questions 
into many categories or subject areas used in the analysis.  Exam infor-
mation from Pennsylvania and Delaware was provided directly by each 
state.  Exam questions were grouped into six or seven major categories 
or subject areas by keywords or phrases.  Post-exam survey informa-
tion available from the Pennsylvania data set enabled the grouping of 
examinees into two different categories; category one, operators who 
had received some type of training before taking the certiþ cate exam 
and category two, operators receiving no operator pre-certiþ cation exam 
training.  This provided the opportunity to evaluate the effectiveness 
of training within Pennsylvania.

òAreas of Concernó included wells and disinfection for Delaware, 
and rules and regulations, electrical and mechanical equipment, and 
a larger category of hydraulic concepts, intake, plumbing and storage 
for Maryland.  Although Virginia had no òAreas of Concern,ó well 
operations, hydraulics, and ÿ ow math related questions had failure 
rates of greater than 40%.  Results indicated Pennsylvania had òAreas 
of Concernó regarding the application of math in disinfection and 
disinfection concepts, and regulations involving the Safe Drinking 
Water Act. Training programs in these states should focus more time 
and training efforts on their respective òAreas of Concern.ó This may 
lead to a better understanding of these concepts by the operators and a 
higher certiþ cation exams success rate.   

Pennsylvaniaõs analysis also showed a statistically signiþ cant dif-
ference between operators receiving some type of training vs. operators 
that received no training for the 2005 exam and in the regulations 

Drinking Water Operators Certiþ cation Exam Analysis
by Rick Ristau II (rjr225@psu.edu)
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Introduction
Iron and manganese are major contaminants in drinking water 

sources, especially groundwater.  The concentration of these metals 
can reach several hundred micrograms per liter (Õg/L). Although iron 
and manganese are not considered to be health hazard contaminants 
for the consumer in the concentrations usually encountered, they do 
cause odor and taste problems for customers.  Furthermore, precipi-
tated iron and manganese compounds can clog distribution pipes, and 
causes reddish or rust-colored stains on laundry, dishes, and household 
þ xtures such as bathtubs and sinks. 

Chlorine is a common oxidant used to remove iron and manga-
nese from drinking water through oxidizing the soluble metal ions 
into insoluble compounds, which can be removed by the subsequent 
coagulation and sedimentation processes.  Many water suppliers use 
this method to effectively control iron and manganese.  However, pre-
chlorination can react with disinfection byproduct (DBP) precursors, 
potentially resulting in DBP levels that exceed U.S. Environmental 
Protection Agency (EPA) maximum containment levels.  Furthermore, 
literature indicates that transition metal ions (often having multiple 
oxidation states) such as copper, may increase trihalomethane forma-
tion during chlorination of water and wastewater.  Iron and manganese 
also may inÿ uence DBP formation through metal catalysis.  In order 
to reduce DBP formation and at the same time control iron and man-
ganese, it may be necessary to eliminate prechlorination and replace 
chlorine with other preoxidation technologies.

Objectives of the ETC study
A two-phase study was conducted in an effort to: 1) evaluate 

the effects various iron and manganese concentrations have on DBP 
formation, and 2) evaluate several preoxidation methods for iron 

and manganese removal while minimizing disinfection byproduct 
formation.  These results may help small water systems better comply 
with the proposed Stage 1 and Stage 2 Disinfectants and Disinfection 
Byproducts rules. 

Methods and materials 
Disinfection byproducts formation is affected by many parameters, 

such as temperature, reaction time, chlorine dose, chlorine residual, and 
pH.  The following standard reaction conditions were used.

Å 72 hours incubation at 20Üc
Å pH 7
Å Free chlorine > 3 mg/L as Cl2

During Phase 1 of the project, a bench scale study was conducted 
to evaluate the response of DBPs formation from various concentra-
tions of iron and manganese.  For this portion of the study, two types of 
water were used; 1) synthetic water made with humic acid (an organic 
source) and 2) water from the Swatara Creek.  The Swatara Creek is 
local to Penn State Harrisburg and used by several water systems.  Both 
water types were spiked with various levels of iron and manganese 
and subsequently chlorinated using the listed standardized conditions.  
Eight concentrations of iron ranging from 0.00 to 1.20 mg/L and seven 
concentrations of manganeses from 0.00 to 0.20 mg/L were chosen for 
the evaluation.  Disinfection byproducts, including both trihalomethanes 
and haloacetic acids, were analyzed according to EPA methods.

During Phase 2 of the project, synthetic water samples made with 
humic acid were spiked with speciþ c levels of iron and manganese and 
treated with four preoxidants (chlorine, ozone, chlorine dioxide, and 
potassium permanganate).  The samples were spiked with iron and 
manganese concentrations of 3 mg/L and 0.5 mg/L respectively.  These 
concentrations are 10 times greater than the MCL of National Second-

The Potential Catalytic Effect of Iron 
and Manganese and Associated 
Removal with Several Preoxidation 
Methods on Disinfection Byproduct Formation 
by Jing Chen (jzc156@psu.edu)




