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Executive Summary


The U.S. Environmental Protection Agency publishes a database containing summary information about each violation of Safe Drinking Water Act regulations during the year ending September 30, 2011.  The violations database shows that 55% of all community water systems (CWS) had at least one violation of an SDWA regulation, affecting more than 95 million people.


Analyses of the violations data shows that there is no difference in the presence of violations in groundwater and surface water systems.  Specifically, 77% of systems with violations were groundwater systems, while the remaining 23% use surface water.  These percentages are essentially identical to the make-up of all CWS: 77% use groundwater and 23% use surface water.  


Fewer than 20% of CWS with violations exceeded an allowable level of a contaminant in drinking water.  The remaining violations involve violations of monitoring and reporting requirements (51% of CWS with violations) or requirements involving public notification and consumer confidence reports (29% of CWS with violations).


Smaller water systems are no more likely than larger systems to violate health-related requirements.  Except among the very largest systems, CWS of all sizes experience health-related violations at approximately the same frequency (about 10% of CWS of each size experience such violations).  Overall, very small CWS record 57% of all health-related violations, but they account for 55% of all CWS.

Smaller CWS, however, appear to be more likely than larger systems to violate monitoring, reporting, and notification requirements.  Approximately one-third of very small CWS (those serving 500 or fewer people) violated a monitoring and reporting requirement, while only about one in seven very large CWS had such a violation.  Similarly, there is a marked decline in the frequency of public notification and consumer confidence reporting violations as the size of the water system increases.


On a contaminant-specific basis, five regulations account for 85% of all CWS with health-related violations: total coliform, stage 1 disinfection by-products, arsenic, lead and copper, and radionuclides .   There are only four regulations that were violated by 1% or more of water systems, while the fifth (radionuclides) had about 300 CWS in violation out of nearly 50,000 CWS.  In other words, most health-related (as opposed to reporting) regulations are violated infrequently and by so few systems that meaningful comparative analysis is not feasible.  


The five most frequently violated health-related standards were evaluated.  Three of them showed that there was no discernible relationship between the frequency of violations and the size of the water system.  The other two standards, stage 1 disinfection by-products and the lead and copper rule, showed that systems serving between 501 and 10,000 people were more likely than either larger or smaller systems to violate the rule.


Care must be exercised when analyzing some of the violations data for specific contaminants.  In addition to the low incidence of violations for many contaminants, some contaminants also exhibit strong regional patterns of violation.  In those instances where most violations occur in just a few states, any comparative analysis should consider the relative size of water systems in the affected states, rather than only the national distribution of systems.

There is no doubt that small water systems, like other small enterprises, face particular challenges.  Those challenges, however, do not appear to translate into a significantly lower level of compliance with most health-related safe drinking water regulations.  With the exception of the very largest water systems (those serving more than 100,000 people), all system sizes appear to experience a similar level of non-compliance with most regulations.

Introduction

Most community water systems (CWS) are classified as “very small” or “small”, meaning that they serve fewer than 500 or 3,300 people, respectively.  It is common for regulators and policymakers to discuss the lack of resources and expertise available for these small water systems, and the resulting problems the systems have in meeting federal and state drinking water standards.  For example, the U.S. Environmental Protection Agency (US EPA) writes:
Given their small customer base, many small water systems cannot develop or access the technical, managerial and financial resources needed to comply with the increasing number of EPA regulations and rising customer expectations. These water systems may be geographically isolated. Their staffs often lack the time or expertise to make needed infrastructure repairs; install or operate treatment; or develop comprehensive source water protection plans, financial plans or asset management plans.
(US EPA 2012c).


This paper attempts to answer a simple question: Are small CWS violating drinking water regulations more frequently than larger water systems and, if so, are the identified differences a function of size or other factors?
Data Source


US EPA publishes a database containing summary information about each violation of Safe Drinking Water Act (SDWA) regulations.  The most recent database was published in October 2011 and contains information for the fiscal year that ended on September 30, 2011 (FY 2011). (US EPA 2012b)  In addition, US EPA simultaneously publishes a database containing detailed information about each water system from the Safe Drinking Water Information System (SDWIS) (US EPA 2012a).


The violations and SDWIS databases are provided in Microsoft Excel spreadsheet files.  The pivot tables contained in the files allow the user to display information meeting selected criteria.  The files also allow the user to view the entire, underlying data set and perform his or her own customized analyses.


This paper uses data from the violations and SDWIS databases for FY 2011 for all active CWS in the 50 states and the District of Columbia.
 


In summary, the violations database shows that there were 69,344 violations of SDWA regulations by 27,669 CWS serving 95.4 million people.  This compares with the total universe of 49,921 CWS serving an estimated population of 292.6 million people.  In other words, during FY 2011, 55% of all CWS had at least one violation of an SDWA regulation, affecting about one-third of all people served by a CWS.

It is important to recognize, however, that violations do not necessarily pose an imminent threat to public health.  Violations may be relatively innocuous or quite serious.  They run the gamut from violations of monitoring requirements to the timely provision of public notices to violations of health-affecting water-quality standards.  The remainder of this paper will characterize these violations using several criteria, including the type and size of CWS and the nature of the violation.
Groundwater vs. Surface Water

Water systems are generally classified by the source of water they use, either groundwater or surface water.  Certain regulations, such as the surface water treatment rule, apply only to one type of system.  Most SDWA regulations, however, apply to all CWS.


Table 1 shows that 77% of systems with violations were groundwater systems, while the remaining 23% use surface water.  These percentages are essentially identical to the make-up of all CWS in the SDWIS database where 77% of all CWS use groundwater and 23% use surface water.  Generally, then, for both groundwater and surface water systems, approximately 55% of CWS had at least one violation during FY 2011.


There is an important difference, however, in the number of people affected by those violations.  Surface water systems tend to be much larger than groundwater systems.  Even though only 23% of the CWS with violations were surface water systems, 68% of the people affected by violations were served by surface water.  This mirrors the universe of all CWS, where 71% of all people served by a CWS are served by a surface water system.

	Table 1.  Violations by Type of Water Source Compared to All CWS by Type of Source 
	

	
	
	
	
	
	
	
	
	
	
	
	

	Type of Water Source
	Number of Systems in Violation and Percent of Total
	Total Number of Systems and Percent of Total
	Population Served by Systems in Violation and Percent of Total
	Total Population Served by Systems and Percent of Total

	 Groundwater 
	    21,345 
	77.1%
	
	   38,528 
	77.2%
	
	  30,738,070 
	32.2%
	
	    84,975,516 
	29.0%

	 Surface Water 
	        6,323 
	22.9%
	
	   11,385 
	22.8%
	
	  64,662,997 
	67.8%
	
	  207,561,562 
	70.9%

	 Unclassified 
	               1 
	0.0%
	
	           8 
	0.0%
	
	                36 
	0.0%
	
	           38,528 
	0.0%

	 Total 
	      27,669 
	100.0%
	
	   49,921 
	100.0%
	
	  95,401,103 
	100.0%
	
	  292,575,606 
	100.0%


	Table 2.  Violations by Type of Violation 

	
	
	
	
	
	
	
	
	

	Type of Violation
	Number of Violations and Percent of Total
	Number of Systems in Violation and Percent of Total
	Population Served by Systems in Violation and Percent of Total

	 Maximum Contaminant Level (MCL) 
	        8,505 
	12.3%
	
	         4,022 
	14.5%
	
	       13,405,447 
	14.1%

	 Maximum Residual Disinfectant Level (MRDL) 
	               4 
	0.0%
	
	                3 
	0.0%
	
	                4,388 
	0.0%

	 Treatment Technique (TT) 
	        1,861 
	2.7%
	
	         1,250 
	4.5%
	
	         6,841,901 
	7.1%

	 Subtotal - Public Health Related 
	      10,370 
	15.0%
	
	         5,275 
	19.0%
	
	       20,251,736 
	21.2%

	
	
	
	
	
	
	
	
	

	 Monitoring or Reporting (MR) 
	      38,486 
	55.5%
	
	      14,181 
	51.3%
	
	       57,234,852 
	60.0%

	
	
	
	
	
	
	
	
	

	 Public Notification and Consumer Confid. Rpt. 
	     20,004 
	28.8%
	
	         7,930 
	28.7%
	
	       16,896,291 
	17.7%

	
	
	
	
	
	
	
	
	

	 Other 
	           484 
	0.7%
	
	            283 
	1.0%
	
	         1,018,224 
	1.1%

	
	
	
	
	
	
	
	
	

	 Total 
	      69,344 
	100.0%
	
	       27,669 
	100.0%
	
	       95,401,103 
	100.0%


Water Source and Types of Violations

Overall, fewer than 20% of CWS with violations exceeded an allowable level of a contaminant in drinking water.  Table 2 shows that 19% of CWS with violations had what this paper will term “health-related” violations (that is, a violation of a maximum contaminant level (MCL) or treatment technique (TT)).
  The remaining violations involved monitoring and reporting (MR) violations (51% of systems with violations) and public notification or consumer confidence reporting (PN/CCR) requirements (29% of CWS with violations), or other non-health-related violations (1% of CWS with violations).

Both groundwater and surface water systems were equally likely to violate MR requirements, as shown in Table 3.  That table shows that 77% of MR violations occurred in groundwater systems, which is nearly identical to the percentage of all CWS that use groundwater.  Groundwater systems were somewhat less likely to violate a health-related regulation (71% of violations compared to 77% of CWS) and somewhat more likely to violate a PN/CCR requirement (81% of violations compared to 77% of CWS).

Overall, there does not appear to be a significant difference in the incidence of violations by groundwater or surface water systems.  Consequently, further analysis using that dichotomy will not be performed.

System Size and Types of Violations

Health-Related Violations

As explained at the outset of this paper, some regulators and policymakers believe that smaller CWS are more likely to experience compliance problems than larger CWS.  US EPA generally categorizes CWS into five sizes based on the number of people served by the CWS: very small (500 or fewer people), small (501 to 3,300 people), medium (3,301 to 10,000 people), large (10,001 to 100,000 people), and very large (more than 100,000 people).  These size categories will be used to test the hypothesis that smaller CWS are more likely to experience compliance problems than larger CWS.

Table 4 shows that smaller water systems are no more likely than larger systems to violate health-related requirements.  Except among the very largest systems, CWS of all sizes experience health-related violations at approximately the same frequency (about 10% of CWS of each size experience such violations).  Overall, very small CWS record 57% of all health-related violations, but they account for 55% of all CWS.
	Table 3.  Type of Violation by Type of Water Source 
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Type of Water Source
	Monitoring and Reporting Violations
	Health-Related Violations (MCL, MRDL, TT)
	Public Notification Violations (including Consumer Confid. Rpt.)
	Total Number of Systems and Percent of Total

	 Groundwater 
	  10,976 
	77.4%
	
	     3,738 
	70.9%
	
	           6,443 
	81.2%
	
	           38,528 
	77.2%

	 Surface Water 
	    3,204 
	22.6%
	
	     1,537 
	29.1%
	
	           1,487 
	18.8%
	
	           11,385 
	22.8%

	 Unclassified 
	           1 
	0.0%
	
	0   
	0.0%
	
	0   
	0.0%
	
	    8 
	0.0%

	 Total 
	  14,181 
	100.0%
	
	     5,275 
	100.0%
	
	           7,930 
	100.0%
	
	           49,921 
	100.0%


	Table 4.  CWS in States with Health Violations as Percent of All CWS in States 
	
	
	

	
	
	
	
	
	
	
	
	
	

	Size of CWS
	Number of Systems in Violation and Percent of Total
	Total Number of Systems and Percent of Total
	Percent of Systems with Violations

	 Very Small ≤ 500 
	         3,018 
	  57.25 
	%
	
	27,607 
	55.30 
	%
	
	10.9%

	 Small 501-3,300 
	         1,365 
	  25.89 
	%
	
	13,358 
	26.76 
	%
	
	10.2%

	 Medium 3,301-10,000 
	            530 
	  10.05 
	%
	
	  4,832 
	  9.68 
	%
	
	11.0%

	 Large 10,001-100,000 
	            343 
	6.51 
	%
	
	  3,714 
	  7.44 
	%
	
	9.2%

	 Very Large > 100,000 
	              16 
	0.30 
	%
	
	 410 
	  0.82 
	%
	
	3.9%

	 Total 
	         5,272 
	100.00 
	%
	
	49,921 
	  100.00 
	%
	
	10.6%

	
	
	
	
	
	
	
	
	
	

	 Chi Square (ρ-value)
	
	     0.968 
	
	
	
	
	
	
	



This table (and many of the following tables) includes a statistical measure, known as Chi-square (Χ2), to test whether the observed distribution of violations is significantly different from the distribution of CWS overall.  The result of the Χ2 analysis is a probability expressed as a ρ-value. Generally, if the ρ-value is less than or equal to 0.05 (that is, if there is less than or equal to a 5% likelihood that the observed difference is the result of random variability), then it can be concluded that there is a significant difference in the distribution of violations as compared to the distribution of CWS overall.  For some types of analyses, an analyst might consider a difference to be significant (that is, not related to random variation) if the ρ-value is less than or equal to 0.10.  For purposes of this paper, it is not necessary to have a strict cut-off, though generally a probability of 0.10 or less will be considered an indication that the observed differences are meaningful.

The Χ2 result in this table (ρ-value of 0.968) indicates that the distribution of health-related violations is not significantly different from the distribution of all CWS by system size.  In other words, the observed distribution is so close to the universe of CWS that any differences are likely to be the result of randomness, not any systematic differences between smaller and larger systems.


MR Violations

The data for MR violations, however, appear to show a more pronounced difference by system size, as shown in Table 5.  This table shows that approximately one-third of very small CWS violated a monitoring or reporting requirement.  In contrast, as system size increased the prevalence of such violations decreased, so that only 14% (about one in seven) of very large CWS had an MR violation.  The Χ2 result (ρ-value of 0.325), however, shows that while this pattern certainly is more pronounced than the health-related violations data, there is still a strong possibility (about a one in three chance) that the result is the product of random variation.

PN/CCR Violations


Public notification and CCR violations also show a pronounced pattern that indicates smaller systems are more likely to experience compliance problems.  Table 6 shows that approximately 20% of very small CWS have PN/CCR violations, with the frequency of violations declining as system size increases.  The Χ2 result (ρ-value of 0.098) shows that this pattern is quite pronounced and that there is less than a 10% likelihood that the observed differences are the result of random variation.  It is reasonable to conclude, therefore, that very small water systems are more likely than larger systems to violate PN/CCR regulations.
	Table 5.  CWS in States with Monitoring and Reporting Violations as Percent of All CWS in States 

	
	
	
	
	
	
	
	
	
	

	Size of CWS
	Number of Systems in Violation and Percent of Total
	Total Number of Systems and Percent of Total
	Percent of Systems with Violations

	 Very Small ≤ 500 
	    9,271 
	  65.38 
	%
	
	27,607 
	55.30 
	%
	
	33.6%

	 Small 501-3,300 
	    3,245 
	  22.88 
	%
	
	13,358 
	26.76 
	%
	
	24.3%

	 Medium 3,301-10,000 
	  997 
	7.03 
	%
	
	  4,832 
	  9.68 
	%
	
	20.6%

	 Large 10,001-100,000 
	  610 
	4.30 
	%
	
	  3,714 
	  7.44 
	%
	
	16.4%

	 Very Large > 100,000 
	58 
	0.41 
	%
	
	 410 
	  0.82 
	%
	
	14.1%

	 Total 
	 14,181 
	100.00 
	%
	
	49,921 
	  100.00 
	%
	
	28.4%

	
	
	
	
	
	
	
	
	
	

	 Chi Square (ρ-value)
	
	0.325 
	
	
	
	
	
	
	


	Table 6.  CWS in States with PN/CCR Violations as Percent of All CWS in States 

	
	
	
	
	
	
	
	
	
	

	Size of CWS
	Number of Systems in Violation and Percent of Total
	Total Number of Systems and Percent of Total
	Percent of Systems with Violations

	 Very Small ≤ 500 
	    5,423 
	  68.38 
	%
	
	27,607 
	55.30 
	%
	
	19.6%

	 Small 501-3,300 
	    1,730 
	  21.82 
	%
	
	13,358 
	26.76 
	%
	
	13.0%

	 Medium 3,301-10,000 
	  458 
	5.78 
	%
	
	  4,832 
	  9.68 
	%
	
	9.5%

	 Large 10,001-100,000 
	  307 
	3.87 
	%
	
	  3,714 
	  7.44 
	%
	
	8.3%

	 Very Large > 100,000 
	12 
	0.15 
	%
	
	 410 
	  0.82 
	%
	
	2.9%

	 Total 
	    7,930 
	100.00 
	%
	
	49,921 
	  100.00 
	%
	
	15.9%

	
	
	
	
	
	
	
	
	
	

	 Chi Square (ρ-value)
	
	0.098 
	
	
	
	
	
	
	


Details of Health-Related Violations

The remainder of this paper will focus on details regarding health-related violations by system size and geography (the state in which the CWS is located).  That does not mean that other violations are not important.  Compliance with public notification and CCR requirements is critical to ensuring that the public is adequately informed about problems with their drinking water, including the need to take precautions when an MCL has been violated.  Similarly, while monitoring and reporting requirements may not pose an immediate health threat to the public, research has found a strong correlation between systems that fail to comply with such requirements and systems that are not financially or technically viable. (Cromwell et al. 1997)

Types of Health-Related Violations


Table 7 shows there were more than 5,200 CWS with an MCL or TT violation, covering 14 categories of contaminants.  The most common violations were of the total coliform rule (1,990 CWS with violations, or 38% of all CWS with violations).  Other frequently violated MCL and TT included the stage 1 disinfection byproducts (DBP) rule (996 CWS with violations), arsenic (614 CWS), lead and copper rule (579 CWS), and radionuclides (324 CWS).  In total, those five regulations accounted for 85% of all CWS with violations and 75% of the population exposed to water delivered by systems with violations.  Those five regulations, therefore, are the focus of further analysis by state and system size.
Total Coliform MCL Violations (1,990 CWS in violation)

Every state experienced at least one total coliform violation, with one state (California) experiencing more than 130 such violations during the year.  Figure 1 shows that there does not appear to be any type of regional variability, with large numbers of violations spread throughout the country.

Similarly, there does not appear to be a significant variation in the prevalence of total coliform violations by system size, as shown in Table 8.  Specifically, with the exception of very large CWS, about 4% of CWS in each size category experienced a total coliform violation.  The greatest incidence (4.8% of CWS) was in the large CWS size category.  The results of the Χ2 analysis reinforce this conclusion, with a ρ-value of 0.529 making it likely that any observed variation by system size is the result of randomness.

In other words, approximately 4% of CWS experienced a total coliform violation in FY 2011.  Those violations were no more likely to occur in a very small system than they were to occur in CWS serving more than 10,000 people.

	Table 7.  Health-Related (MCL and TT) Violations by Regulation 
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regulation Violated
	Number of Violations and Percent of Total
	Number of Systems in Violation and Percent of Total
	Population Served by Systems in Violation and Percent of Total

	 Arsenic 
	   1,794 
	17.4%
	
	  614 
	11.7%
	
	    1,092,657 
	5.4%

	 Groundwater Rule 
	    25 
	0.2%
	
	19 
	0.4%
	
	27,694 
	0.1%

	 Interim Enhanced Surface Water Treatment Rule 
	 250 
	2.4%
	
	  128 
	2.4%
	
	    3,047,980 
	15.2%

	 Lead and Copper Rule 
	 740 
	7.1%
	
	  579 
	11.0%
	
	    2,211,586 
	10.9%

	 LT2 Enhanced Surface Water Treatment Rule 
	 8 
	0.1%
	
	  8 
	0.2%
	
	75,270 
	0.4%

	 Nitrates 
	 495 
	4.8%
	
	  215 
	4.1%
	
	   300,808 
	1.5%

	 Other Inorganic Chemicals 
	 304 
	2.9%
	
	  117 
	2.2%
	
	   403,654 
	2.0%

	 Radionuclides 
	   1,046 
	10.1%
	
	  324 
	6.1%
	
	   934,760 
	4.6%

	 Synthetic Organic Chemicals 
	    21 
	0.2%
	
	13 
	0.2%
	
	   472,667 
	2.3%

	 Stage 1 Disinfectants By-Products Rule 
	   2,596 
	25.0%
	
	  996 
	18.9%
	
	    3,369,918 
	16.6%

	 Surface Water Treatment Rule 
	 446 
	4.3%
	
	  254 
	4.8%
	
	   713,729 
	3.5%

	 Total Coliform Rule 
	   2,611 
	25.2%
	
	    1,990 
	37.7%
	
	    7,495,234 
	37.0%

	 Total Trihalomethanes (before DBP Rule) 
	 4 
	0.0%
	
	  1 
	0.0%
	
	 140 
	0.0%

	 Other Volatile Organic Chemicals 
	    26 
	0.3%
	
	14 
	0.3%
	
	   101,251 
	0.5%

	 Total 
	10,366 
	100.0%
	
	    5,272 
	100.0%
	
	  20,247,348 
	100.0%


[image: image1.emf]Figure 1: Number of Systems with Total Coliform MCL Violations
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	Table 8.  CWS in States with Total Coliform MCL Violations as Percent of All CWS in States 

	
	
	
	
	
	
	
	
	
	

	Size of CWS
	Number of Systems in Violation and Percent of Total
	Total Number of Systems and Percent of Total
	Percent of Systems with Violations

	 Very Small ≤ 500 
	    1,203 
	  60.45 
	%
	
	27,607 
	55.30 
	%
	
	4.4%

	 Small 501-3,300 
	  394 
	  19.80 
	%
	
	13,358 
	26.76 
	%
	
	2.9%

	 Medium 3,301-10,000 
	  209 
	  10.50 
	%
	
	  4,832 
	  9.68 
	%
	
	4.3%

	 Large 10,001-100,000 
	  180 
	9.05 
	%
	
	  3,714 
	  7.44 
	%
	
	4.8%

	 Very Large > 100,000 
	  4 
	0.20 
	%
	
	 410 
	  0.82 
	%
	
	1.0%

	 Total 
	    1,990 
	100.00 
	%
	
	49,921 
	  100.00 
	%
	
	4.0%

	
	
	
	
	
	
	
	
	
	

	 Chi Square (ρ-value)
	
	0.529 
	
	
	
	
	
	
	


Stage 1 Disinfection By-Products Violations (996 CWS in violation)

Violations of the Stage 1 DBP rule tend to be concentrated in certain states, as shown in Figure 2.  In fact, seven states had no DBP violations and another 20 states had 10 or fewer CWS with DBP violations.  In total, out of the 996 CWS with violations, 917 of the CWS (92%) were located in 24 states.  Indeed 65% of the CWS with violations were concentrated in just ten states.

Table 9 shows that CWS serving between 500 and 10,000 people (small and medium sizes) are far more likely to experience DBP violations than are either very small or larger systems.  In fact, 56% of all DBP violations occurred in small and medium CWS, even though those size categories account for only 36% of all systems.  Approximately 3% of CWS in these categories had DBP violations, compared to about 1% of CWS in the other size categories.  The results of the Χ2 analysis show that this difference is statistically significant and highly unlikely to be the result of random variability in the data (ρ-value of 0.001).
Arsenic Violations (614 CWS in violation)

In contrast to coliform and disinfection by-products, arsenic is a naturally occurring contaminant that is found only in certain parts of the United States.  (Ayotte et al. 2011)  This is reflected in the incidence of arsenic MCL violations shown on Figure 3.  Violations are concentrated in a few states with high naturally occurring levels of arsenic: primarily states in the Southwest and Pacific Northwest, with some violations in states bordering the Great Lakes.

Table 10 shows that none of the arsenic MCL violations occurred in very large CWS.  Among other system sizes, about 1% of systems experienced arsenic violations.  Very small systems had a somewhat elevated occurrence of violations (about 1.5% of CWS in this size category), but the difference was not large enough to rule out random variability in the data (ρ‑value of 0.174).

In an attempt to capture the regional occurrence of arsenic in the natural environment, a further analysis was conducted using arsenic MCL violations in 20 states with high arsenic concentrations, using a combination of arsenic occurrence data from Ayotte and colleagues (2011) and the number of arsenic MCL violations.  The results, shown in Table 11, are not meaningfully different from the results shown in Table 10.  High-arsenic states have approximately the same distribution of CWS by system size as does the country as a whole, so the results do not change appreciably.  Indeed, the Χ2 analysis results in a slightly higher ρ-value (0.385) than the analysis comparing arsenic MCL violations to the distribution of all CWS in the United States.


For arsenic, therefore, it can be concluded that there is a somewhat elevated incidence of MCL violations among very small CWS, but the observed difference might be the result of random variability in the data.

[image: image2.emf]Figure 2: Number of Systems with DBP MCL Violations
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	Table 9.  CWS in States with Stage 1 DBP MCL Violations as Percent of All CWS in States 

	
	
	
	
	
	
	
	
	
	

	Size of CWS
	Number of Systems in Violation and Percent of Total
	Total Number of Surface Water Systems and Percent of Total
	Percent of Systems with Violations

	 Very Small ≤ 500 
	  370 
	  37.14 
	%
	
	27,607 
	55.30 
	%
	
	1.3%

	 Small 501-3,300 
	  397 
	  39.86 
	%
	
	13,358 
	26.76 
	%
	
	3.0%

	 Medium 3,301-10,000 
	  163 
	  16.37 
	%
	
	  4,832 
	  9.68 
	%
	
	3.4%

	 Large 10,001-100,000 
	64 
	6.43 
	%
	
	  3,714 
	  7.44 
	%
	
	1.7%

	 Very Large > 100,000 
	  2 
	0.20 
	%
	
	 410 
	  0.82 
	%
	
	0.5%

	 Total 
	  996 
	100.00 
	%
	
	49,921 
	  100.00 
	%
	
	2.0%

	
	
	
	
	
	
	
	
	
	

	 Chi Square (ρ-value)
	
	0.001 
	
	
	
	
	
	
	


[image: image3.emf]Figure 3: Number of Systems with Arsenic MCL Violations
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	Table 10.  CWS in States with Arsenic MCL Violations as Percent of All CWS in States 

	
	
	
	
	
	
	
	
	
	

	Size of CWS
	Number of Systems in Violation and Percent of Total
	Total Number of Systems and Percent of Total
	Percent of Systems with Violations

	 Very Small ≤ 500 
	  409 
	  66.62 
	%
	
	27,607 
	55.30 
	%
	
	1.5%

	 Small 501-3,300 
	  136 
	  22.15 
	%
	
	13,358 
	26.76 
	%
	
	1.0%

	 Medium 3,301-10,000 
	47 
	7.65 
	%
	
	  4,832 
	  9.68 
	%
	
	1.0%

	 Large 10,001-100,000 
	22 
	3.58 
	%
	
	  3,714 
	  7.44 
	%
	
	0.6%

	 Very Large > 100,000 
	0
	0
	%
	
	 410 
	  0.82 
	%
	
	0.0%

	 Total 
	  614 
	100.00 
	%
	
	49,921 
	  100.00 
	%
	
	1.2%

	
	
	
	
	
	
	
	
	
	

	 Chi Square (ρ-value)
	
	0.174 
	
	
	
	
	
	
	


	Table 11.  CWS with Arsenic MCL Violations as Percent of CWS in High-Arsenic States 

	
	
	
	
	
	
	
	
	
	

	Size of CWS
	Number of Systems in Violation and Percent of Total
	Total Number of Systems and Percent of Total
	Percent of Systems with Violations

	 Very Small ≤ 500 
	  342 
	65.27
	%
	
	15,511 
	56.94 
	%
	
	2.6%

	 Small 501-3,300 
	  118
	  22.52 
	%
	
	  7,048 
	25.87 
	%
	
	1.9%

	 Medium 3,301-10,000 
	43 
	8.21 
	%
	
	  2,430 
	  8.92 
	%
	
	1.9%

	 Large 10,001-100,000 
	21 
	4.00 
	%
	
	  1,992 
	  7.31 
	%
	
	1.1%

	 Very Large > 100,000 
	0
	0   
	%
	
	 261 
	  0.96 
	%
	
	0.0%

	 Total 
	  524 
	100.00 
	%
	
	27,242 
	  100.00 
	%
	
	2.3%

	
	
	
	
	
	
	
	
	
	

	 Chi Square (ρ-value)
	
	0.385 
	
	
	
	
	
	
	


Lead and Copper Violations (579 CWS in violation)

Violations of the lead and copper TT are highly concentrated in just a few states, as shown in Figure 4.  Only 15 states had more than 10 violations, and those states accounted for 85% of the lead and copper violations.  In fact, just three states (New York, North Carolina, and Oregon) account for 265 of the 579 violations nationwide (46% of the total).

On a national basis, very small CWS are much more likely to violate the lead and copper rule than are larger systems.  Table 12 shows that 1.5% of all very small CWS nationally had a violation of this rule, while larger systems sizes had violation rates of 1% or less.  The results of the Χ2 analysis show that this difference is statistically significant and highly unlikely to be the result of random variability in the data (ρ-value of 0.014).


It is possible, however, that this relationship is the result of some factors specific to those high-incidence states.  To see if this relationship might be the result of state-specific factors, the analysis was repeated using data only from the three states with the predominant number of violations.  As noted above, those three states (New York, North Carolina, and Oregon) account for 46% of all violations.  Table 13 shows that, in fact, these three states appear to be very different in terms of the prevalence of very small systems.  While nationally 55% of all CWS are very small, in these three states 87% of systems are in that size category.  Thus, what appeared to be a national trend showing that very small systems were more likely to violate the lead and copper TT may be an artifact of the exceedingly high prevalence of very small systems in the three states that have a large number of violations.

That is, in these three states, 87% of CWS are very small, but only 75% of lead and copper violations came from those systems.  In fact, small and medium CWS had a much higher prevalence of lead and copper violations (3% of systems in those size categories had violations, compared to 1.3% of very small systems).  In these three states, there is a significantly different distribution of lead and copper violations when compared to the distribution of all CWS: very small systems are less likely to violate the rule, while systems serving between 500 and 10,000 people are much more likely to have a violation.  The difference is highly significant with a ρ‑value of 0.007.

[image: image4.emf]Figure 4: Number of Systems with Lead & Copper TT Violations
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	Table 12.  CWS in States with Lead and Copper TT Violations as Percent of All CWS in States 

	
	
	
	
	
	
	
	
	
	

	Size of CWS
	Number of Systems in Violation and Percent of Total
	Total Number of Systems and Percent of Total
	Percent of Systems with Violations

	 Very Small ≤ 500 
	  413 
	  71.33 
	%
	
	27,607 
	55.30 
	%
	
	1.5%

	 Small 501-3,300 
	  126 
	  21.76 
	%
	
	13,358 
	26.76 
	%
	
	0.9%

	 Medium 3,301-10,000 
	26 
	4.49 
	%
	
	  4,832 
	  9.68 
	%
	
	0.5%

	 Large 10,001-100,000 
	13 
	2.25 
	%
	
	  3,714 
	  7.44 
	%
	
	0.4%

	 Very Large > 100,000 
	  1 
	0.17 
	%
	
	 410 
	  0.82 
	%
	
	0.2%

	 Total 
	  579 
	100.00 
	%
	
	49,921 
	  100.00 
	%
	
	1.2%

	
	
	
	
	
	
	
	
	
	

	 Chi Square (ρ-value)
	
	0.014 
	
	
	
	
	
	
	


	Table 13.  CWS in NC, NY, and OR with Lead and Copper TT Violations as Percent of All CWS in 
                  Those States 

	
	
	
	
	
	
	
	
	
	

	Size of CWS
	Number of Systems in Violation and Percent of Total
	Total Number of Systems and Percent of Total
	Percent of Systems with Violations

	 Very Small ≤ 500 
	  200 
	  75.47 
	%
	
	15,424 
	87.26 
	%
	
	1.3%

	 Small 501-3,300 
	46 
	  17.36 
	%
	
	  1,538 
	  8.70 
	%
	
	3.0%

	 Medium 3,301-10,000 
	13 
	4.91 
	%
	
	 376 
	  2.13 
	%
	
	3.5%

	 Large 10,001-100,000 
	  6 
	2.26 
	%
	
	 303 
	  1.71 
	%
	
	2.0%

	 Very Large > 100,000 
	0
	0
	%
	
	   35 
	  0.20 
	%
	
	0.0%

	 Total 
	  265 
	100.00 
	%
	
	17,676 
	  100.00 
	%
	
	1.5%

	
	
	
	
	
	
	
	
	
	

	 Chi Square (ρ-value)
	
	0.007 
	
	
	
	
	
	
	


Radionuclide Violations (324 CWS in violation)

Similar to the lead and copper rule, violations of the radionuclides MCL are highly concentrated in just a few states, as shown in Figure 5.  Only 12 states had more than 10 violations, and those states accounted for 68% of the radionuclides violations.  Only five states had 19 or more violations (Colorado, Georgia, Illinois, Missouri, and Texas) accounting for 135 of the 342 violations nationwide (42% of the total).


On a national basis, no size of CWS is more likely than another to violate the radionuclides rule.  Table 14 shows that about 0.5% of each size CWS nationally had a violation of this rule.  The results of the Χ2 analysis show that there is no significant difference by size category at the national level (ρ-value of 0.580).


As was the case with the lead and copper rule, however, it is possible that there may be factors specific to those five high-incidence states.  To see if this relationship might be the result of state-specific factors, the analysis was repeated using data only from the five states with the predominant number of violations.  As noted above, those states account for 42% of all violations.  Table 15 shows that these five states have a greater concentration of very small systems than the national distribution (70% of CWS are very small in these states, compared to 55% nationally).  This difference, however, is not large enough to show a prevalence of violations for any particular system size.  Table 44 shows that about 1% of systems in each size category had a radionuclides MCL violation in those five states.  This lack of meaningful relationship is borne out by the Χ2 analysis (ρ-value of 0.357).

[image: image5.emf]Figure 5: Number of Systems with Radionuclides MCL Violations
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	Table 14.  CWS in States with Radionuclides MCL Violations as Percent of All CWS in States 

	
	
	
	
	
	
	
	
	
	

	Size of CWS
	Number of Systems in Violation and Percent of Total
	Total Number of Systems and Percent of Total
	Percent of Systems with Violations

	 Very Small ≤ 500 
	  201 
	  62.04 
	%
	
	27,607 
	55.30 
	%
	
	0.7%

	 Small 501-3,300 
	84 
	  25.92 
	%
	
	13,358 
	26.76 
	%
	
	0.6%

	 Medium 3,301-10,000 
	21 
	6.48 
	%
	
	  4,832 
	  9.68 
	%
	
	0.4%

	 Large 10,001-100,000 
	17 
	5.25 
	%
	
	  3,714 
	  7.44 
	%
	
	0.5%

	 Very Large > 100,000 
	  1 
	0.31 
	%
	
	 410 
	  0.82 
	%
	
	0.2%

	 Total 
	  324 
	100.00 
	%
	
	49,921 
	  100.00 
	%
	
	0.6%

	
	
	
	
	
	
	
	
	
	

	 Chi Square (ρ-value)
	
	0.580 
	
	
	
	
	
	
	


	Table 15.  CWS in CO, GA, IL, MO, and TX with Radionuclides MCL Violations as Percent of All CWS
                  in Those States 

	
	
	
	
	
	
	
	
	
	

	Size of CWS
	Number of Systems in Violation and Percent of Total
	Total Number of Systems and Percent of Total
	Percent of Systems with Violations

	 Very Small ≤ 500 
	85 
	  62.96 
	%
	
	13,925 
	70.31 
	%
	
	0.6%

	 Small 501-3,300 
	37 
	  27.41 
	%
	
	  3,873 
	19.56 
	%
	
	1.0%

	 Medium 3,301-10,000 
	  8 
	5.93 
	%
	
	  1,217 
	  6.14 
	%
	
	0.7%

	 Large 10,001-100,000 
	  4 
	2.96 
	%
	
	 716 
	  3.61 
	%
	
	0.6%

	 Very Large > 100,000 
	  1 
	0.74 
	%
	
	   76 
	  0.38 
	%
	
	1.3%

	 Total 
	  135 
	100.00 
	%
	
	19,807 
	  100.00 
	%
	
	0.7%

	
	
	
	
	
	
	
	
	
	

	 Chi Square (ρ-value)
	
	0.357 
	
	
	
	
	
	
	


Conclusion

In conclusion, the analyses of SDWA violations data for one year show few differences based on the source of water (groundwater vs. surface water) or the size of the CWS.  Groundwater systems are slightly less likely than surface water systems to experience health-related violations (violations of an MCL or TT), and there is no discernible difference in the incidence of monitoring and reporting violations by source water type.


While very small systems account for most violations, they also account for most water systems.  Overall, smaller CWS are no more likely to experience a violation of a health-related regulation than are larger systems.  There are indications, however, that very small CWS may be more likely to violate monitoring and reporting requirements.  Moreover, there is a strong correlation between the size of a water system and its compliance with public notification and consumer confidence report requirements.

Of the five specific health-related regulations evaluated, two show a significant difference in the incidence of violations by system size.  Specifically, systems serving between 500 and 10,000 people are more likely than either larger or smaller CWS to have violations of the disinfection-byproducts and lead and copper rules.

There is no doubt that small water systems, like other small enterprises, face particular challenges.  Those challenges, however, do not appear to translate into a significantly lower level of compliance with most health-related safe drinking water regulations.  With the exception of the very largest water systems (those serving more than 100,000 people), all system sizes appear to experience a similar level of non-compliance with most regulations.


The author would caution that care must be exercised when analyzing some of the violations data for specific contaminants.  This analysis was limited to the five health-related regulations that had the most violations.  Even with that limit, though, one of the regulations has just over 300 CWS with violations out of nearly 50,000 water systems.  With so few violations, a change in a few water systems could lead to significant year-to-year fluctuations that would make any statistical analysis of questionable validity.


Finally, it must be noted that the analyses in this paper have not attempted to assess the severity or frequency of MCL or TT violations.  Those factors, and others, are very important in assessing the severity (or even the existence) of threats to public health from these violations.  The violations database contains some information (not used for this study) that might be helpful in estimating the severity or recurrence of violations, such as the date on which a violation first occurred and the number of times a CWS had a specific type of violation.  In addition, Tables 2 and 7 in this paper provide information about the estimated number of people who consume water from systems with various violations.  This type of information also could play an important role in assessing the public health effects from drinking water violations.  The author would encourage future research to evaluate the public health implications of actual SDWA violations.
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� The databases also contain information about non-community water systems, inactive systems (that is, water systems that have merged with another systems, gone out of business, or fallen below the threshold size for being a public water system), and systems that serve U.S. territories and native tribal lands.  Such information has been excluded from the analyses in this paper.


� In addition to the tables included in this paper, a separate Appendix is available that contains 28 additional tables summarizing the violations data, including several tables with state-specific information.


�  Violations of a maximum residual disinfectant level (MRDL) also could be included in this category, but the database shows that there were only three CWS with MRDL violations during FY 2011.  As a result of the very low incidence of such violations, analysis of health-related violations will include only MCL and TT violations.
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