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MEMORANDUM 
 

SUBJECT: Sampling Requirements 
 

FROM: Jeff Cohen, Chief /s/ 
Lead Task Force 
Office of Ground Water and Drinking Water 

 
TO: Record 

 
The Agency is adopting a final regulation which requires targeted sampling for lead and 

copper at selected high-risk taps.  Some commenters on the proposed rule argued that the 
number of samples was inadequate to fully characterize the distribution of contaminant levels in 
the system, given the high degree of variability in tap levels of these contaminants. We therefore 
sought to determine the degree to which the number of samples to be required by the rule would 
be sufficient to reflect the system-wide distribution of levels. The requirements of the rule seek to 
strike a balance between the desire for representativeness of the sampling results and the need to 
ensure that the sampling requirements are reasonable and implementable by public water 
systems. While increasing the number of sites where samples must be taken provides greater 
certainty of the representativeness of sampling results, there are costs (in terms of identification 
and access to homes as well as sampling and testing) associated with increased sampling. The 
purpose of the analysis discussed below is to determine whether the sampling requirements of the 
final rule (which EPA believes are reasonable in terms of cost and logistical considerations) also 
take into account the demonstrated variability in tap levels. 

 
This analysis is based upon those used in private industry to evaluate quality control 

applications or to estimate the fraction of a population of products that is defective or exceeds an 
acceptable standard. Industrial processes often use statistical sampling methods, referred to as 
acceptance sampling, to ascertain whether to accept or reject an entire lot as either complying or 
not complying with a preset quality specification. These methods, moreover, have the advantage 
that they allow for the differentiation of sampling requirements based on the underlying system 
size, in this case the number of households served by the system. 

 
The measure used here to evaluate the accuracy of sampling results is the degree to which 

monitoring will accurately detect systems which exceed the action level in the final rule of 15 ug/l 
in the 90th percentile. The effectiveness of the sampling plan can be measured in terms of the 
confidence level1 that a system exceeding the action level throughout the population will be 
detected by the number of samples required in the final rule. It is not necessary to have absolute 
confidence that the sampling protocol will accurately depict levels around the entire system. 

                                                           
 

1  A confidence level is a statistical concept used to convey the probability that one sampling result 
falls within a given range. 
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Rather, the underlying purpose of the monitoring protocol is to detect systems which have 
contaminant levels at the tap which are of concern. It is sufficient, therefore, that the sampling 
protocol provide a reasonable, albeit less than perfect, representation of levels throughout the 
system. 

 
   One strong qualification to the results discussed below must be made. The methodology 

used for this analysis is based upon the underlying assumption that sampling is conducted at 
random locations once per year throughout the system. In fact, the rule will require that systems 
target sampling at high-risk locations which are likely to have the highest levels in the system, and 
the rule requires systems to collect samples from the same sites for two consecutive 6-month 
periods. Each of these factors reduces the number of samples required to reflect system-wide 
distribution of tap levels. Thus, we believe that the results discussed below underestimate, 
possibly significantly, the degree of confidence that the system exceeding the action level system-
wide will be detected by the monitoring protocol in the final rule. 

 
 

Accuracy of Monitoring Protocol for Typical Distribution of Lead Levels 
 

    We first analyzed the probability that a system with a “typical” distribution of lead levels 
would be accurately characterized by the final sampling protocol. Lead levels measured in the 
Patterson study (which analyzed lead levels nationwide) had a lognormal distribution, with a 
geometric mean of about 0.008 mg/L, and a standard deviation of about 3 (EPA, l99la). Data 
from other studies indicate greater variability; for example the geometric standard deviations in 
the AWWSC study ranged from 3 to 8 (Marcus, l990b) and in Seattle they reached 4 (Marcus, 
l990a).  These distributions would result in 25 to 40 percent of the locations in a system being 
above the action level. To determine the number of samples that would need to be taken to 
characterize this variability, EPA used the findings of Burstein2, who computed a series of tables 
that specify the sample size associated with a maximum confidence level, called the upper 
confidence limit, associated with different population sizes. Based upon Burstein’s calculations3, 
there would be 90 percent confidence that all systems serving more than 100 people which 
exceeded the action level would be correctly identified as such by collecting the minimum 
number of samples specified in the rule. 

 
 

Accuracy for the Protocol for other Scenarios 
 

                                                           
 

2 Burstein, H., 1973. Sample-Size Tables for Quality Control and Auditing.  Westport, CT: 
Redgrave Information Resources Corporation. 

 

3 As noted above, this analysis assumed that samples were taken randomly and were only taken 
once, factors which reduce the level of confidence that a given sample size will accurately reflect 
system-wide levels as compared with the sampling protocol in the final rule. It should also be noted 
that Burstein’s analyses were based upon the assumption that values are normally distributed. Data 
on lead levels, however, show a log-normal distribution (i.e., they would tend to have greater 
variability and generally have a larger proportion of higher values than a normal distribution with 
the same central tendency). Because of lead levels are generally more variable than the 
distributions used in Burstein’s analysis, the number of samples required to characterize a system 
would be fewer than projected by Burstein’s work. 

   EPA also explored other potential scenarios. For example, for larger systems (more than 
3,300) that exceed the action level, but in fewer homes than in the typical lead distributions 
discussed above (e.g., 15-20% of the homes were above the action level), the number of samples 
required under the final rule would provide 90 percent confidence that the system would be 
correctly identified even if samples were collected once per year and if there were no high risk 
targeting. 
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   For smaller systems (e.g., 500 - 3,330 people) with 20% of homes above 0.015 mg/L 
collecting the minimum number of samples (20), there would be 80 percent confidence that they 
would be correctly identified as exceeding the action level; to increase this confidence to 90 
percent, the system would have to collect more than the minimum number of samples (e.g. , 37 
versus 20) Imposition of targeted, repeated monitoring would increase the confidence 
significantly, however, without the need for more sample sites. For example, repeating the 
sampling twice per year (assuming no targeting) would provide 90 percent confidence that the 
same size system, with 15-20 percent of homes above 0.015 mg/L, would be correctly identified as 
exceeding the action level. 

 
   The analysis indicates that water systems with significant lead problems will be readily 

identified as being above the action level, and that systems with marginal problems (e.g., 15% of 
homes above 0.015 mg/L) will also be readily identified as long as there is targeted monitoring, 
repeated twice a year. 

 
Under any scenario, the smallest systems serving fewer than 100 people that exceed the 

action level would have to sample in nearly every household for there to be a 90% certainty in the 
representativeness of the sampling results. However, such a sampling protocol would impose 
substantial costs on the those systems which would be least able, in terms of personnel and other 
resources, to bear them. We therefore do not believe such an approach would be reasonable. 
While lower levels of confidence would be associated with the number of samples required of the 
smaller systems as compared with the larger systems, that confidence is significantly increased by 
the rules targeting and repeat monitoring provisions. Taking these factors into account, we believe 
the final monitoring protocol for these size systems is reasonable and will provide an adequate 
representation of the system’s tap levels. 


