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INTRODUCTION 
 
The Coal Combustion Residuals (CCR) Rule required a minimum of eight rounds of 
sampling at each network to establish a statistical baseline, against which, future 
sampling rounds are evaluated. For one large utility, baseline sampling was conducted 
at 10 diverse facilities using highly prescriptive, standardized sampling procedures, and 
all samples were analyzed by the same analytical service provider. The sampling and 
analytical consistency resulted in a highly comparable data set that, when consolidated 
through a consistent data review and management system, revealed potential data 
quality issues that may not have been identified without the ability to view the data set 
as a whole.   
 
Examples of the issues revealed included: 
 

- The need to raise method detection limits (MDLs) to account for instrument 
background. 

- Low-level background of target analytes in laboratory deionized (DI) water. 

- Laboratory sample switching. 

- Field labeling issues. 

- Bias due to improper analytical techniques. 

- Bias due to elevated laboratory background. 

- Dilution factor errors. 

- Incorrectly reported results. 
 
This paper will discuss the data patterns that revealed potential sampling or analytical 
anomalies. The presentation will highlight the benefits of consistency in sampling, 
analysis, and data management across facilities to reduce uncertainty and generate a 
comparable data set. Finally, the paper will identify the ways in which a consistent, 
highly reliable data set can “self-validate” and provide users with a high level of 
confidence in their monitoring program. 
 
CONSOLIDATED QUALITY ASSURANCE AND DATA MANAGEMENT 
 
The CCR Groundwater Monitoring Program was a subset of concurrently active 
groundwater sampling programs including a litigation-driven environmental 



investigation, remediation programs, and state permit compliance. Many wells at the 
facilities served multiple purposes as the CCR Rule wells were often part of larger 
networks associated with the additional groundwater sampling programs. As such, data 
were shared across the programs, which warranted the need for comparable data. 
 
Data collection across all programs was highly prescriptive including, but not limited to, 
standardized sampling and analytical procedures and consistent quality plans and 
project control documents. All samples were submitted to a single analytical service 
provider familiar with the consistent requirements set forth in all programs. Data for all 
programs was subjected to consistent third-party quality assurance (QA) and data 
management processes using a consolidated approach. 
 
This consolidated approach involved one system for data management and QA review 
where all data were routed through a single process. The groundwater sampling 
programs required electronic data deliverables (EDDs) that were loaded through a 
single production team, which also managed the data in a commercially available 
enterprise database. The data validation required for all programs was performed by a 
consistent group of Chemists.   
 
Initially, Full data validation (Level 4) was performed for 100% of the data across the 
programs until the data set matured and the validation frequency was reduced. Data 
validation is comprised of two aspects, which are a reasonability review and a 
formalized data review. The reasonability review involved comparing the results against 
the previous rounds of data collected. This is a critical review as it can identify results 
that seem out of the norm and may warrant follow-up with the laboratory. The 
formalized data review is performed in accordance with the National Functional 
Guidelines where Limited Level 2A or Full Level 4 validation is performed and data are 
qualified accordingly. The data qualifiers and reason codes applied were used to flag 
data in the database. 
 
The end result of an integrated data quality and data management process was a 
substantial high quality and highly comparable data set. It provided the ability to use 
data points for multiple purposes thereby reducing the sampling burden. The data set 
could be reliably used to self-validate and look for patterns. 
 
DATA “SELF-VALIDATION” 
 
There are two levels of self-validation that were employed during the QA review. The 
first is a basic level that involved reviewing the data against previous rounds to look for 
inconsistencies. The table below provides an example of a basic level self-validation 
where the arsenic concentration detected in Round 2 is not comparable to the reported 
concentrations in 
Rounds 1 and 3. A dilution factor incorrectly applied to the Round 2 result created the 
comparability issue.  
 



  
Round 1 Round 2 Round 3 

Analyte Reported Concentration Reported Concentration 
Reported 
Concentration 

Aluminum 4200 µg/L 5300 µg/L 4700 µg/L 

Arsenic 1.7 µg/L 44.7 µg/L 3.2 µg/L 

Calcium 20100 µg/L 22000 µg/L 21300 µg/L 

 

The second, more advanced level included taking a holistic approach to look for 
patterns in the data to see the overall big picture. This review was facilitated by the 
consolidated data review and management system that revealed potential data quality 
issues that may not have been identified without the ability the view the data set as 
whole. The following big-picture data quality issues were identified as a result of the 
consolidated data review and management system. 
EXAMPLE 1: ARTIFICIALLY LOW METHOD DETECTION LIMITS 
 
An MDL is the lowest concentration that can be reliably seen. It is the basis for 
determining whether an analyte is observed as a detection or a not detect and should 
account for instrument background. During data review, it was observed that several 
analytes were consistently detected in field and laboratory blanks between the MDL and 
the reporting limit (RL). This pattern was consistent for data collected under the distinct 
sampling programs. Upon further, review it was observed that the concentrations 
reported for the associated field samples were comparable to the consistent detections 
observed in the field and laboratory blanks. 
 
MDLs were recalculated using historical method blank data, which were in accordance 
with the new MDL procedure. MDLs and RLs were raised for several analytes as a 
result of taking into account the instrument background. Nine plants and four sampling 
programs were impacted by this issue. In addition, reporting was delayed while the new 
MDLs were being determined. 
 
EXAMPLE 2: LABORATORY CONTAMINATION 
 
As part of the active groundwater sampling programs, the laboratory-supplied DI water 
was used to generate the required field and equipment blanks. While reviewing data 
across the distinct sampling programs, certain target analytes were consistently 
detected at low concentrations in the field and equipment blanks, but these target 
analytes were not observed at similar concentrations in the associated laboratory 
method blanks. The table below summarizes the frequency of detections and the 
average concentration for boron and lithium, two of the commonly detected analytes in 
the equipment and field blanks.   
 



 
Boron Lithium 

Frequency of Detection in FB/EBs 98% 74% 

Average Concentration 23.2 µg/L 1.9 µg/L 

 

The laboratory initiated an investigation to identify the root cause of the low-level 
concentrations observed in the field and equipment blanks. During the investigation it 
was discovered that boron and lithium were present in the laboratory DI water supplied 
to the field. As a result, the MDLs were raised to account for the background 
contamination and the water source was changed for future sampling. The field and 
equipment blank data were not used to qualify sample data. Four sampling programs 
and nine plants were impacted by this issue. 
 
EXAMPLE 3: IMPROPER ANALYTICAL TECHNIQUES 
 
During data validation, a pattern of identical results for alkalinity was observed across 
several Sample Delivery Groups (SDGs). Specifically, the results for several samples 
and field or equipment blanks were reported as “24.2 mg/L” or “24.4 mg/L.” The 
laboratory investigation concluded that the Analyst was over-titrating the samples rather 
than slowly titrating and allowing the pH to stabilize before adding additional titrant to 
the sample. Thirty results across three facilities and two programs were impacted. 
 

EXAMPLE 4: SAMPLE SWITCHING 

There were several instances of sample switches observed over the course of the 
groundwater sampling programs. The sample switches originated from both the field 
and the laboratory. The laboratory switches occurred during sample receipt and also 
during laboratory analysis at the bench. The switches were typically limited to one 
fraction or a single analysis for each sample and were not immediately evident when 
looking at the results from a single sampling event or round.  
 
The switches were identified from the following patterns: 
 

• Dissolved metals results consistently higher than total metals results. 

• Field duplicate results exhibiting a high degree of imprecision. 

• All or the majority of results for a sample reported as “not-detected” with many 
detections reported for a field blank. 

• Results inconsistent with expectation based on total dissolved solids (TDS) or 
total suspended solids (TSS). 

• Results inconsistent between multiple analyses in the raw data. 
 

The laboratory was requested to investigate each instance that a potential sample 
switch was identified. If the switch was obvious due to a labeling issue, the results were 
re-reported; however, not all switches were confirmed that easily. In instances where 



the switch could not be confirmed from labels, the laboratory had to re-prepare and 
reanalyze retained sample volume to confirm the results. All data were corrected prior to 
finalization of any reports associated with the sampling programs. At least two plants 
and three sampling programs were impacted with sample switches. 
 
EXAMPLE 5: EQUIPMENT WEAR AND CLEANLINESS 
 
Significant TDS concentrations were observed in several field and equipment blanks; 
however, the reported conductivity and the lack of cation and anion detections in the 
blanks did not support the reported TDS results. In addition, the TDS results for some 
field samples did not match previous rounds and also were not supported by the 
reported conductivity and cation and anion detections reported for the samples. 
 
The laboratory identified three potential sources, which contributed to the TDS issues 
described above: 
 

• The tubing connected to the DI water faucet had not been changed in an 
undetermined amount of time. While it appeared clean, it may have contributed 
to the TDS concentrations in the blanks. The tubing was replaced and the 
laboratory currently replaces the tubing every month. 

• The desiccator trays had flakes of rust indicating the location of the TDS beakers 
was in a more humid environment. 

• Some of the beakers used for TDS analysis were scratched, which makes it 
possible for water to be trapped in the beaker even after drying. 
 

The TDS concentrations observed in the field and equipment blanks were not used to 

qualify associated field samples. The impacted field samples were reanalyzed and were 

in line with the TDS results from previous rounds. At least three plants and two 

groundwater programs were affected by this issues. 

 
CONCLUSION 
 
The sampling programs referenced herein benefitted from a high degree of consistency. 
Sampling, analysis, data review, and data management was the same across all 
facilities and programs. The thorough planning, coordination, and mandated adherence 
to the quality requirements resulted in comparability between the programs, which was 
necessary for data sharing. In addition, having the same team manage and review data 
created familiarity with the data set, which assisted in the identification of the data 
quality issues presented. This holistic approach to data collection, rather than 
compartmentalizing the sampling programs, created a big-picture view of the data 
generated, which revealed data quality issues that may not have been identified without 
the ability to view the data set as a whole.  
 


