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Executive Summary 

There are considerable data on the levels of mercury in fish from the Lake Superior 
basin. However, there is limited human biomonitoring, especially in vulnerable 
populations. Total mercury was measured in dried blood spots from 1465 infants born 
during 2008 through 2010 to mothers residing in the US portion of the Lake Superior Basin. 
The purpose of this study was to determine the range of mercury concentrations in 
these infants and to assess feasibility of using dried blood spots from infants as an 
indicator of mercury exposure to the fetus and pregnant women. While a regional 
analysis of mercury exposure data from NHANES reported that the “Midwest” may have 
lower mercury exposures than other areas of the U.S. (Mahaffey et al., 2009), these data 
provide evidence of exposures that warrant increased public health action. 

A wide range of total mercury concentrations was measured in blood spots. The 
maximum concentration was 211 µg/l. Of the 1465 samples analyzed 8% were above 
5.8 µg/l; the US EPA Reference Dose (RfD) for methylmercury. No association was seen 
between mercury concentration and sex or urban versus non­urban residence. Results 
suggest a seasonal exposure pattern with the highest concentrations measured in 
summer births. While the form of mercury is not known, since total mercury mercury was 
measured, this seasonal exposure pattern supports a local fish consumption exposure 
pathway. 
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Background 
Most mercury exposure occurs through consumption of fish, either sport­fish or 
commercially available fish (US EPA 1997b). Although there are considerable data on 
the levels of mercury in fish from the Lake Superior basin there has been limited human 
biomonitoring for mercury. Currently there are no Minnesota (MN) data on the 
magnitude or extent of potentially harmful in-utero exposures. Measuring total mercury 
concentrations in newborns’ blood within the Lake Superior basin provides information 
on mercury exposure to the developing fetus. The data collected reinforce the need for 
health protective outreach and advice on fish consumption. 

The Minnesota Department of Health (MDH), in collaboration with state health 
departments in Wisconsin (WI) and Michigan (MI), measured levels of mercury in the 
blood of infants born to mothers living within these states respective land areas that 
drain water into Lake Superior (the “Superior basin”). This project utilized residual dried 
blood spots (RDBS) from anonymized newborns. Use of newborn RDBS provided a 
convenient specimen that did not require further sample collection from individuals. The 
Newborn Screening (NBS) Programs in MI, MN, and WI collected a sample from 
newborn residual blood specimens (by punching disks from the dried blood spot on the 
submitted filter paper). This study was reviewed and determined to be exempt by the 
Institutional Review Boards (IRB) at MDH and the Michigan Department of Community 
Health. The study consisted of 1465 subjects from the U.S. portion of the Lake Superior 
Basin. The blood spots were analyzed for total mercury by the MDH Public Health 
Laboratory (PHL). 

Methods 

Sampling Design 
RDBS from babies born to mothers on the U.S. side of the Lake Superior Basin (residents 
of MI, MN and WI) were tested for total mercury. The ZIP code of the mother’s residence 
was used to identify eligible blood spot specimens. The geographic boundary of the 
Lake Superior Basin was defined by watershed boundary data obtained from Natural 
Resources Research Institute (NRRI 1999). ZIP codes within this boundary were identified 
using ESRI data (ESRI 2005). ZIP codes with less than one percent land mass within the 
basin were not included in this study. Figure 1 shows the Lake Superior Basin and ZIP 
code boundaries within MI, MN and WI. 

An anonymized design was used in this study to ensure individuals could not be 
identified. Data retained for each individual from the NBS data are: state of residence, 
month and year of birth, sex, and for MN only urban versus non­urban residence as 
determined by mother’s ZIP Code and US Census data. 
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In MN ZIP codes were categorized as urban or non­urban. Due to the lower number of 
specimens collected it was not possible to meet the criteria for anonymity (five males 
and five females per variable) and retain a breakdown of urban/non­urban ZIP codes 
in WI and MI. Percent urban and percent rural data for each MN ZIP code was 
obtained from the U.S. Census. At least ten rural­urban classification systems are 
available for rural health assessment. The US Bureau of the Census maintains definitions 
of Urban, Urbanized, and Rural Areas for classifying populations. Urban populations are 
those residing in incorporated areas or Census Designated Places with 2,500 or more or 
in an Urbanized Area. An Urbanized Area (subset of Urban) is a continuously built up 
area of 50,000 people or more. A built up area is an area with a population density of 
more than 1,000 persons per square mile.  This is calculated at the census block level. 
Rural populations are all those not classified as Urban or Urbanized. The definition of 
urban population is overly inclusive because it includes very small towns. In this study ZIP 
codes were considered non­urban if the census defined it as less than 65% urban. This 
cut­off was determined following review of maps and using qualitative community 
information.  

There were differences in sample collection procedures used by each state. MN and WI 
both started collecting potential participants on a particular date and ended when the 
quota was reached. The WI NBS Program does not receive maternal address data with 
the newborn blood spots. To enable sample collection WI Vital Records provided 
reports of births from residences within the identified ZIP codes to the WI NBS program. 
The reports included mother’s name, date of birth, birth hospital, sex and baby’s name. 
MI selected from days that had the most specimens meeting the ZIP code criteria. 
Enrollment ran from November 2008 through May 2010 in Minnesota, February 2009 
through July 2009 in Wisconsin, and May 2009 through Oct 2009 in Michigan (see Figure 
2 and Table 1). 

Written, informed consent was obtained before the MDH NBS Program released a 
residual specimen for use in this study (Figure 2). The NBS database includes all babies 
screened in MN. After NBS was complete, a weekly query of the NBS data was run to 
provide a database of potential study participants. This recruitment database provided 
a running list of specimens with mother’s residence ZIP code within the geographic 
region of the Lake Superior Basin. ZIP codes were used to categorize residences as 
urban or non­urban. 

Informed consent was not sought for all babies from the study area. In an effort to not 
cause unnecessary additional stress, MDH did not contact parents of babies with 
complications. Babies were excluded from the mercury study if any of the following 
criteria were true (some babies fit multiple criteria): 
•  Families have directed that their child’s blood spot card be destroyed. 

5  



   

 
 

 

 
   

 
  

   
 

 
     

 
 

     
  

 

     
 

 
 

 
 

 
 

   
 
 

         
   

 
 

 

 
       

     
   

     

GLNPO ID 2007­942 
November 30, 2011 

 Final Report 

•  Risk factors have been checked on the specimen card including: sick baby, 
deceased sibling, congenital anomalies, and maternal pregnancy 
complications. 

•  Newborn screening results are abnormal. 
•  Babies known to have been admitted to a Neonatal Intensive Care Unit (NICU) 

or with a birth weight under 2000 grams  
•   Deceased babies 
•  Specimens from St. Mary’s hospital in Duluth, MN taken less than 24 hours from 

birth  

Prior to seeking informed consent NBS cards were checked to determine if the residual 
blood was sufficient for mercury analysis and met quality control requirements (see 
Sample Collection section below and Appendix A). 

MDH began recruiting participants November 1, 2008. Informed consent was not sought 
prenatally or at the birthing hospital due to concern that these actions could negatively 
impact participation in NBS. Recruitment initially consisted of sending two letters to 
mothers followed by three attempts to contact mothers by phone. Phone calling was 
discontinued in May 2009 due to lack of staffing resources and low rate of success in 
reaching mothers by phone. The first letter was sent three weeks after birth. If no 
response was received within three weeks of sending the first letter, a second letter was 
sent. MDH IRB reviewed the consent process and all materials sent to potential 
participants. Local Public Health (LPH) assisted with informed consent by requesting 
consent during home visits. The written communications from MDH informed the 
mothers that the specimens (if meeting eligibility criteria) would be de­identified. The 
mothers were instructed that, during and after the research study, MDH would not 
inform them if their babies’ specimen was actually included in the study, of the 
individual findings, or of the anonymized, aggregate findings. Instead, MDH will 
generate reports and other communications for scientific audiences and disseminate 
the anonymized results in a non­targeted manner, such as a posting at the MDH 
website. 

Parents of 2,566 newborns were contacted to request written informed consent. 
Consent was received from 1130 (44%). Of those who consented 9% were recruited 
through Local Public Health (LPH). One of the consents received and included in the 
study, through LPH, was for a baby originally excluded due to risk factors. 

The number of samples collected per state was originally designed to be based on the 
percentage of births in the Lake Superior basin by state. Monthly and annual number of 
births from 2005 and 2006 were reviewed for MI, MN and WI. Due to changes in the 
storage, custody, and an unanticipated cost per specimen of the Michigan residual 
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blood spots the number of specimens from Michigan was reduced from the original 
plan of 810 to 200. There were 140 specimens collected in WI and 1130 in MN. 

Sample Collection 
Infant blood is spotted onto filter paper cards 24­48 hours after birth for newborn 
screening purposes. The Newborn Screening (NBS) Programs in each state (MI, MN and 
WI) collected a sample from newborn residual blood specimens by punching disks from 
the dried blood spot on the submitted filter paper. Punches from each specimen were 
collected and stored in 96 well plates. Each well of the plate was labeled with a unique 
identifier (Study ID Number) for that specimen. Punches from a blank area from each 
card was collected in a similar manner and stored in separate wells on the plate 
containing the corresponding specimen. The blank was used as a quality control 
measure to check for possible contamination of each specimen card. NBS Laboratories 
were supplied with pre­populated chain­of­custody forms to track the unique identifiers 
assigned. The well plates were submitted to MDH PHL for mercury analysis. 

NBS cards were excluded from the study if the blood was thought to not produce 
representative results. The following criteria were established by MDH NBS: 
•  Specimens other than the initial specimen collected from an infant. 
•  Specimens collected at greater than 9 days from birth. 
•  Specimen came from an infant identified as transfused on the specimen card. 
•  Specimens with more adult hemoglobin than fetal hemoglobin. 

Initially eight disks were punched from each NBS card for mercury analysis and a large 
number of NBS cards were rejected due to insufficient blood. The mercury analysis 
method was modified and the process was changed to punch 4 disks per NBS card. 

The Standard Operating Procedure (SOP) for sample collection, handling, storage, and 
custody is part of the Quality Assurance Project Plan (QAPP) in Appendix A. 

Mercury Analysis 
Two 3­mm filter paper disks containing dried blood were placed into a 96­well filter 
plate to which 0.15 ml of reagent water containing 0.05% 2­mercaptoethanol, 0.001% L­
cysteine, 0.005% EDTA, 0.01% Triton X­100, and 10 Ǎg l­1 of Iridium (internal standard) was 
added, followed by addition of 0.15 ml of 2% hydrochloric acid. The covered filter plate 
was agitated for 30 minutes and stored overnight at room temperature. The filter plate 
was re­agitated for 20 minutes and the contents filtered into a 96­well plate and placed 
on ICP­MS auto sampler for analysis against a five­ point aqueous standard calibration 
curve. For details on the mercury analysis see the SOP for analysis of total mercury in 
dried blood spots as part of the QAPP in Appendix A. 
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Periodic surveillance reports and final quality reports were completed by the Quality 
Assurance (QA) officer. These reports along with the QAPP and SOPs are included in the 
Appendix. The total number of samples analyzed was 1465 of which 1126 were from 
MN, 139 from WI, and 200 from MI. Data collected are expressed as a concentration of 
total mercury in blood (ug/L). 

Blind reference material, total mercury concentration 31.4 µg/l, was spotted to filter 
paper cards and provided to each NBS laboratory. These cards were stored with the 
participant specimens and punches from these cards were periodically included as a 
specimen for mercury analysis. These reference samples were blind to the analyst and 
QA Officer. The results from analysis of these blind references are shown in Figure 4. 
There is no trend over time, the slope of the regression line is not different from zero (p­
value = 0.06), indicating storage conditions did not influence results. The average 
percent recovery was 80%. 

The method used in this study to measure mercury in DBS has not been validated or 
peer reviewed. The method will be presented at the 2012 Winter Conference on Plasma 
Spectrochemistry. The rate of quality control acceptance is consistent with other metals 
analyses performed by MDH. Due to small sample size constraints, it was not always 
possible to reanalyze samples when quality control samples did not achieve the set 
criteria thus increasing the number of reported results needing qualification, whereas 
with other metal analyses, adequate sample volumes allow for reanalysis. In addition, 
because this is a novel method, extraction efficiency and other performance 
characteristics of the method were not known prior to this study. 

Sixty percent of the reported data are qualified due to low recovery of the Laboratory 
Control Spikes (LCS). The Quality Control Samples (QCS), LCS, and blind reference 
samples were all made with National Institute of Standards and Technology (NIST) 
Standard Reference Material (SRM) 966, total mercury concentration of 31.4 +/­ 1.7. LCS 
and reference samples were spotted to filter paper cards and were stored and 
processed the same as a participant sample whereas the QCS was spiked whole 
blood. Average percent recovery for QCS, LCS, and reference samples were 86%, 82% 
and 80% respectively. These recoveries are likely impacted by extraction efficiency. 
Using all analyses the statistically derived 3­sigma range for the QCS are 70%­101% and 
LCS are 64% ­ 98%. 

Although the calibration curve was linear for every batch there was a high bias in results 
for the “medium” and “high” calibration verification standard (CVS). Reported mercury 
results above the concentration of the medium CVS may be biased high by 10%. Some 
of the bias could be attributed to the mechanical pipet used to prepare the CVS­
medium and the CVS­high verification standards along with the highest calibration 
standard. 
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Overall the report level verification was within the limits identified in the QAPP and 
sensitivity around the report level was good with 7% of the report level verification (RLV) 
samples analyzed being qualified due to a high recovery and 5% due to a low 
recovery. 

Some of the variability in CVS and RLV results could be due to the use of different lots 
and suppliers of the standards used. In the method used, the CVS’s and RLV were 
made using a 50:50 mixture of a methylmercury standard and a total mercury standard. 
This was done to enable future adaptation of the method for speciation. No second 
source is currently available for the methylmercury standard and its concentration 
could therefore not be verified. CVS and RLV results from the time period after March 1, 
2011 were from a new lot of standards. 

Aqueous blanks (AB) were used to assure that reagents were not contaminated with 
mercury or that carryover of higher levels of mercury was not occurring between the 
highest calibration standard or LCS and patient samples. Of the 78 batches of samples 
with reportable results, only one batch had an AB preceding a patient sample that 
exceeded the MDL. 

Method Blanks (MB) for each patient sample punched from their blood specimen 
spotted onto a filter card, a blank area of the card was also punched to use as a 
method blank. The method blanks were processed in a manner identical to the 
associated patient samples. Only one method blank was observed with mercury values 
over the reporting limit (RL).  Sixteen method blanks (1% of blanks analyzed) were 
estimated to be between the MDL and the RL. Of the sixteen method blanks with low 
levels of total mercury, only seven (less than 1% of samples analyzed) were observed 
with mercury values in the blank card punches while those of the accompanying 
patient sample were free of mercury. 

Given the relatively high MDL resulting from limited leftover RDBS material this method is 
most useful for screening for high exposures. Results reported over the RfD would not be 
impacted by the reduced sensitivity reflected in the low and high RLV results. High bias 
of the medium and high CVS impact on results over the RfD may be biased high by 
about 10%. It is difficult to determine the impact of any bias without understanding the 
extraction efficiency between inorganic and organic mercury and the standard 
composition. The manufacturer of the total mercury standard only certifies the total 
mercury concentration but may contain organic mercury. 

Improvements to the method would be a better understanding of the extraction 
efficiency of the inorganic and organic forms of mercury from dried blood spots. The 
ability to extract the mercury from blood spots was not known prior to presenting the 
measurement quality objectives (MQOs) for approval.  The assumption that the 
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extraction efficiencies would match that of aqueous samples was proved to be 
incorrect. A better understanding of the individual forms could lead to an overall 
improvement in method extraction efficiency and improved standard recoveries; 
current method is about 80%. The availability of a second standard for methyl mercury 
or change the standard used to 100% total mercury rather than a 50:50 mix, since 
speciation is unlikely due to insufficient leftover DBS. 

Mercury Results 
A wide range of total mercury concentrations was measured in blood spots from 
newborns in the US Lake Superior Basin. Forty three percent of the specimens were 
below the method detection limit (MDL) of 0.7 µg/l. Results between the MDL and the 
report level (RL) are reported by the MDH PHL as estimated. Estimated values were 
included in the data analysis. Given the high percentage of non­detects, median (50th 
percentile) values are reported. Eight percent of the specimens analyzed were above 
5.8 µg/l; the US EPA Reference Dose (RfD) for methylmercury (Figure 5). Mercury 
concentrations in about one percent (14 of 1465) of specimens were above 58 µg/l; the 
Benchmark Dose Limit (BMDL) used by EPA in developing the RfD. The maximum 
concentration measured was 211 µg/l. Mercury concentrations were higher in the MN 
specimens. Using Tukey's test for differences by pairs of geometric means, mercury 
concentrations in MN specimens are statistically significantly different from WI and MI 
specimens, but WI and MI are not different from one another (Table 2). Non­detects 
were assigned a value of the MDL/1.414 for calculating means. 

Results suggest a seasonal exposure pattern and therefore support a fish consumption 
exposure pathway. Births in summer months were higher than other seasons, particularly 
in MN (Figure 6 and Table 2). Fall and Spring are the only seasons not different from one 
another; all other seasons are different (overall population & MN only). No association 
was seen between mercury concentration and sex or urban versus non­urban 
residence. Differences by birth season, state, and birth month were determined using 
ANOVA on log­transformed mercury concentration. Tukey's test for differences was 
used to determine differences between particular pairs of means. Differences by 
gender and residence were assessed using t tests on log­transformed mercury 
concentration. 

Comparison to other published results 
Published data on levels of mercury in newborn blood is not available for comparison. 
Chaudhuri et al (2009) published an analytical method for measuring mercury in blood 
spots but did not provide a summary or details on results from mercury analysis of blood 
spots. 
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The best available comparison is mercury in umbilical cord blood. Cord blood 
concentrations have been reported in the range of results from this study. 
Concentrations up to 735 µg/l were reported from “normal deliveries” (Murata et al., 
2007; Tsuchiya et al., 1984). Although there is considerable variability in the relationship, 
a linear correlation between cord blood and maternal blood has been shown in most 
studies (Stern, 2005; Stern et al., 2003). Fetal blood mercury has been reported to be, on 
average, 1.7 times higher than maternal blood (Stern et al., 2003). Given this ratio of 
cord blood mercury to maternal blood mercury a direct comparison of concentrations 
in RDBS to adult concentrations is not appropriate. The percentage of participants with 
mercury levels above the RfD in this study is similar to that for women of childbearing 
age who participated in National Health and Nutrition Examination Survey (NHANES) 
(Mahaffey et al., 2009). 

Sources of Exposure/Form of mercury 
The form of mercury was not determined in this study. Both elemental and organic 
forms of mercury easily cross the placenta (EPA 1997a). For most people, fish 
consumption is thought to be the major route of human exposure to mercury (EPA 
1997b).  

Other possible sources of exposure include dental amalgams and ritual/ homeopathic 
uses of mercury containing products. Cord blood inorganic mercury has been reported 
to increase with number of maternal amalgams (Ask et al., 2002). Murata et al 2007 
examined studies that measured both methylmercury and total mercury. The mean 
ratio of total mercury to methylmercury ranged from approximately one to 2.5 suggests 
other forms of mercury in fetal blood. 

Conclusions and Recommendations 
The population of focus in the initial sampling design was babies born to mothers 
residing in the US Lake Superior Basin. Informed consent required in MN and changes in 
custody of the MI RDBS led to modifications in the sampling design. These changes 
introduced sampling bias and reduced the generalizability of results. That said, a wide 
range of mercury concentrations were measured in the large number of specimens 
analyzed. Of the 1465 participants 8% were above the US EPA RfD for methyl mercury 
and 1 % were above the BMDL. The results show that mercury exposure is a problem for 
some in this area. Although a direct link to fish consumption cannot be established from 
this study, the demonstrated seasonality of exposure provides suggestive evidence of 
that link. These results provide fish advisory programs stronger evidence for the need to 
talk with women of childbearing age about reducing mercury exposure.  Follow­up 
studies are needed to determine source(s) of exposure. Increased public outreach and 
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communication is needed to ensure the public has information that promotes eating 
fish that are low in mercury. 

In cooperation with the GLNPO Project Officer these findings will be disseminated in 
reports, presentations, and communications with the public. Local, state and tribal 
public health and health care providers will be notified of these results. 

FollowǦup studies needed: 
Exposure pathways need to be investigated. Screening blood spots for total mercury, as 
in this study, followed by contact with parent(s) for babies with high levels would be one 
way to investigate potential exposure pathways. Speciation of mercury in mother’s and 
baby’s blood could also be considered. 

In addition to exposure investigation there is a need to correlate infant blood spot 
mercury with cord blood and maternal mercury. Since mercury binds to red blood cells 
hematocrit/hemoglobin could be also be measured to standardize results. 

Are RDBS a useful biomarker of fetal exposure to mercury? 
Due to limited availability of blood spots leftover after newborn screening, only two 
3mm discs were used for mercury analysis in this study. This increased the MDL and 
limited characterization of low end of the exposure distribution. Mercury analysis of 
blood spots is not a routine method; there are refinements that could be made to 
improve the method. 

The method is useful for characterizing the high end of the exposure distribution and for 
screening for follow­up to determine sources exposure. In order to know the form of 
mercury a method for speciation needs to be developed. However it is unlikely that 
there will consistently be enough RDBS to allow for speciation. Speciation could be 
included when additional blood samples can be collected such as in follow­up after 
initial screening. 

From a policy perspective there is uncertainty regarding future restrictions on use of 
RDBS for public health surveillance, program evaluation, and public health research. 
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Table 1. Number of Participants by State, Gender, Birth Season, and Residence Type  
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Table 2. Mercury Concentrations ( g/L) by Covariates 

Hg GM Hg median Hg GM Hg median 
Birth season* 

Summer 1.57 1.23 3.05 2.49 
Fall 1.24 0.99 1.38 1.08 

Winter 0.68 0.50 0.67 0.50 
Spring 1.16 0.91 1.25 1.00 

pͲvalue (ANOVA on log values)** <0.0001 <0.0001 

State N/A 
MN 1.24 0.91 
WI 0.86 0.76 
MI 0.72 0.50 

pͲvalue (ANOVA on log values)*** <0.0001 

Gender 
Male 1.08 0.80 1.20 0.91 

Female 1.15 0.86 1.28 0.94 
pͲvalue (t test on log values) 0.20 0.34 

Urban/rural N/A 
Urban 1.26 0.89 
Rural 1.23 0.93 

pͲvalue (t test on log values) 0.68 

Overall (n=1465) MN (n=1126) 

* Based on birth month (Summer = June­Aug.; Fall = Sept.­Nov.; Winter = Dec.­Feb.; Spring =       
March­May)  
**Tukey's test for differences by pairs of means: The only seasons not different from one another  
are fall and spring; all other seasons are different (overall population & MN only)  
***Tukey's test for differences by pairs of means: WI and MI are not different from one another;  
MN is different from both states  
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Figure 3. Distribution of Specimens Collected by State, Month and Year 
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Figure 4. Blind Reference Results 

Figure 5. Total mercury in all specimens 
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Figure 6. Geometric Mean Mercury Concentration by Season 
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A4. Project / Task Organization 
The Minnesota Department of Health (MDH), in collaboration with state health 
departments in Wisconsin (WI) and Michigan (MI), will measure levels of mercury in the 
blood of infants born to mothers living within these state’s respective land areas that 
drain water into Lake Superior (the “Superior basin”).  

The Principal Investigator (PI), Patricia McCann, has the responsibility to oversee all 
aspects of this project. The PI reports to the Health Risk Assessment Supervisor within 
the Environmental Health Division of the MDH. The PI and MDH Public Health 
Laboratory (PHL) staff will review all data generated, review the performance of sample 
handling and sample analyses, and evaluate any necessary corrective action. The PI has 
the overall responsibility to ensure the quality of all data generated by this project. This 
Quality Assurance Project Plan (QAPP) addresses the Data Quality Objectives (DQOs) 
and Measurement Quality Objectives (MQOs) that apply to the data for the project. 

The PI will provide interpretation of the data generated by this project in coordination 
and cooperation with appropriate staff from EPA GLNPO including EPA Great Lakes 
National Program Office (GLNPO) Project Officer, Jacqueline Fisher, or her designate. 
The GLNPO Project Officer ensures adherence to the study design, accomplishment of 
project objectives and approves the project work plan. The QAPP is reviewed and 
approved by the EPA GLNPO Quality Assurance Officer, Louis Blume. 

The MDH Public Health Environmental Laboratory Manager directs a major public 
health laboratory with multiple and varied functions and statewide impact involving 
considerable scientific or technical complexity. The duties include planning, 
implementing, and evaluating the application of fiscal, human, and technical resources to 
respond to the state’s current and long-range projected analytical needs. 

The MDH Public Health Environmental Laboratory Inorganic Chemistry Unit Supervisor 
supervises analytical and research activities in the Inorganic Chemistry Unit of the 
Environmental Laboratory.  The duties include hiring, training, directing, and evaluating 
unit staff, and planning and directing quality assurance systems within the unit.  

The MDH Public Health Environmental Laboratory Research Scientist performs 
scientific research in the Inorganic Chemistry Unit of the Environmental Laboratory.  
The duties include planning, conducting, and evaluating the research, and participating in 
writing reports and publications. 

The MDH Public Health Environmental Laboratory Quality Assurance (QA) Officer 
leads the laboratory staff in implementing, maintaining, and documenting the laboratory’s 
quality system. The duties include training staff in quality assurance, evaluating data 
quality and technical proficiency, and responding to client needs and complaints. 

Organizational charts for MDH, the Public Health Laboratory, the Public Health 
Environmental Laboratory, and the Environmental Health Division are in Appendix D. 
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A5. Problem Definition / Background 
Everyone who eats fish, either sport-fish or commercially available fish, is exposed to 
mercury. Although there are considerable data on the levels of mercury in fish from the 
Superior basin there has been limited human biomonitoring for mercury. Currently there 
are no Minnesota data on the magnitude or extent of potentially harmful in-utero 
exposures. 

This project utilizes residual dried blood spots (DBS) from newborns. Use of newborn 
DBS provides a convenient readily available specimen that does not require further 
sampling from individuals. 

Measuring total mercury concentrations in newborns’ blood will help characterize 
exposure to mercury in Minnesota and assist in directing outreach on fish consumption 
advice. People are exposed to mercury through consumption of fish. Measuring total 
mercury concentrations in newborns’ blood within the Superior basin will help 
characterize this population’s exposure to mercury. The data collected will assist public 
health departments in targeting health protective outreach and advice on fish 
consumption, which is the major source of mercury exposure. Public health agencies will 
also use these data to provide primary care providers with direction on targeting 
subpopulations. 

A6. Project / Task Description 
The Newborn Screening (NBS) Programs in each state (MI, MN and WI) will collect a 
sample from newborn residual blood specimens (by punching disks from the dried blood 
spot on the submitted filter paper). The study will consist of approximately 1500 subjects 
from the U.S. portion of the Lake Superior Basin. The blood spots will be analyzed for 
total mercury by the MDH PHL. The data collected will be expressed as a concentration 
of total mercury in blood (ug/L). MDH will analyze the data and report the results.  

Sample collection and analysis will begin after the QAPP has been approved. Sample 
collection is expected to begin in the fall of 2008. Factors that will be considered in 
determining the work schedule are availability of samples and the availability of 
instrument and analyst time. The project will be completed and the final report submitted 
by September 30, 2010.  
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A7. Data Quality Objectives for Measurement Data 

Data Quality Objectives (DQOs) 
The sensitivity of the method selected to analyze total mercury in dried blood spots 
should provide a reporting level no greater than 5.8 ug/L mercury in cord blood (CDC 
2004), the level that has been identified in the literature as a reference dose. Individual 
cards containing dried blood spots may vary in contamination, therefore, the data used to 
assess the project must also measure any potential contamination that may arise from 
handling samples and cards in varying hospital and laboratory environments, as well as in 
transport and storage. 

The MDH standard operating procedures (SOPs) for sampling and analysis found in 
Appendix B and C will potentially produce data that meet the requirements of the project.  

A summary of the performance criteria of the MDH analytical SOP is listed in Table 1. 

Table 1. Measurement Quality Objectives (MQOs) 
Requirement Sample Code Acceptance Criteria (MQO) 
Reporting Units ug/L total mercury in blood 
Instrument detection limit 
 Frequency
 Criteria 

IDL (Instrument Detection 
Limit) Once per project 

Method detection limit
 Frequency
 Criteria 

MDL (Method Detection 
Limit) Once per project 

0.79 ug/L total mercury in blood (calculated from DBS) 
Reporting level verification 
 Frequency
 Criteria 

RLV (Reporting Level 
Verification) 

Spiked human blood as DBS on card 
Once per analytical run 
2.4 ug/L total mercury in blood (calculated from DBS) 
Results between the MDL and RLV will be flagged as 
estimated values. 

Calibration Verification 
 Frequency
 Criteria 

CVS (Calibration 
Verification Standard) 

Aqueous standard at high, medium, low concentrations 
Beginning of run, every 20 samples, end of run 
Within 2S, or reject samples analyzed back to the last 
passing CVS if one average mean is outside 3S, two 
average means are outside 2S on same side of mean, 
average of high, medium, and low means are outside 2S on 
opposite side of mean, or current and previous 9 run means 
are on same side of the characterization mean for either the 
high, medium, or low 

Quality Control Sample
 Frequency
 Criteria 

QCS (Quality Control 
Sample) 

NIST SRM 966 
Beginning of run, every 20 samples, end of run 
80-120% 

Laboratory Control Sample 
 Frequency
 Criteria 

LCS (Laboratory Control 
Sample) 

NIST SRM 966 on card 
Beginning of run, every 20 samples, end of run 
80-120% 

Reference samples
 Frequency
 Criteria 

RS (Reference Sample) NIST SRM 966 on card sent blind to MDH laboratory 
Periodically throughout the study 
80-120% 

Internal standard
 Frequency
 Criteria 

Rh (Rhodium, the internal 
standard) Every sample, blank, standard 

+/- 50% of the average Rh value of the calibration standard 
of that run 

GLNPO ID 2007-942  – 7 – Revision 2 September 2009 



 

 

  
 

 
 

 

 

 
 

 
 
 

 
 

 
 

  
 

 
  

 

 
 
 

 

 

 
 
 
 
 

 

 
 

  
 

 
 

  
 

 

 

 

 

 

 

 
 

Requirement Sample Code Acceptance Criteria (MQO) 
Blanks 
Aqueous Blank
 Frequency

 Criteria 
Method Blank 
 Frequency
 Criteria 

AB (Aqueous Blank) 

MB (Method Blank) 

All aqueous reagents 
Beginning of run immediately after calibration, after every 
20 samples, end of run 
< MDL 
Spots punched from blank part of each specimen card 
Every sample 
< MDL, blank and associated data flagged if >MDL 

Duplicates 
Field Duplicates 
 Frequency
 Criteria 

Laboratory Duplicates 
 Frequency
 Criteria 

FD (Field Duplicate) 

LD (Laboratory duplicate) 

Spots punched in duplicate from patient sample 
One per 20 samples 
+/- 20% RPD when concentration >10x MDL, when 
concentration 
<10x MDL then +/- RL 

Replicate analysis of patient sample 
Beginning of run, End of run 
80-120% 

A8. Special Training Requirements/Certification 
Laboratory personnel are trained to perform the functions required of the project. 

Laboratory personnel from the three state newborn screening laboratories are experienced 
and familiar with the procedures of selecting and excluding sample specimens. The 
personnel have been trained in and will comply with the specific requirements in the 
SOPs for the project. 

Laboratory personnel from the MDH environmental laboratory are trained in the policies 
and procedures of the laboratory relating to analysis, quality assurance, and data 
management as described in the MDH Quality Assurance Manual (QAM), Section 5.0 
Personnel. The MDH QAM is found in Appendix C. 

The Research Scientist responsible for the mercury analysis has been trained in the 
calibration and use of the ICP-MS instrumentation. The analyst participates in 
proficiency testing programs coordinated through the Centers for Disease Control and 
Prevention (CDC) that provide challenge samples for mercury in human blood. The 
MDH Public Health Laboratory has CLIA certification; specifically, the analysis of 
human blood for mercury is included in the CLIA inspections for compliance with 
toxicology procedures. 

A9. Documentation and Record 
The MDH Environmental Laboratory will maintain documentation of project activities in 
records including laboratory notebooks, instrument (raw) data files, and final processed 
data (in spreadsheets or printouts from the instrument). Quality control information will 
be recorded in notebooks and printouts in the same format used for sample results. An 
electronic inventory of all samples received and their progress in the laboratory is also 
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maintained. These files are available for review on site by the EPA Project Officer or QA 
Officer. 

It is the analyst’s responsibility to check the QC information against the limits for the 
analysis. When the Research Scientist determines that a batch of samples is not in control 
because the acceptance criteria have not been met, the analyst will immediately bring the 
matter to the attention of the laboratory’s Inorganic Chemistry Unit Supervisor. The 
supervisor and/or analyst will document out-of-control analyses and will file a corrective 
action report with the laboratory QA Officer. 

The turn-around-time for sample analyses will be agreed on prior to collecting the first 
samples for the project. Factors that will be considered in determining the turn-around-
time are availability of samples and the availability of instrument and analyst time. 

The MDH Environmental Laboratory will provide final data reports to the Principal 
Investigator. At a minimum, the laboratory will provide the following: 

x Original chain of custody 
x Analyte report level 
x Quality control limits 
x Client sample identifier 
x Laboratory sample identifier 
x Date the sample was punched from the specimen card 
x Date the sample was received at the laboratory 
x Date the sample was analyzed 
x Method identifier 
x Concentration of total mercury in the sample 
x Units used for expressing the analyte concentration 
x Qualifications or comments that provide additional information on the analysis 
x Table of results of method blanks analyzed over the course of the study 
x Table of results of laboratory duplicate sample analyses analyzed over the course 

of the study 
x Table of percent recoveries for laboratory control samples analyzed over the 

course of the study 
x Table of reference of samples and QC determinations in each analytical batch 

Error Handling.  If an error is made during observations made in the laboratory, 
corrections will be made by crossing through the error with a single line so that the 
original entry is visible. The correct information will be entered next to the crossed out 
error. All corrections will be initialed and dated. Errors in reporting are documented 
through amended reports and/or corrective action reports submitted and approved by the 
laboratory QA Officer and/or Environmental Laboratory Manager. 

Reporting Analytical Results. Analytical results will be reported to the Principal 
Investigator by the laboratory as the results are generated. A discussion on anomalies will 
be included in the laboratory’s final report. At the conclusion of the study, a tabulated 
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summary of all the sample batches analyzed will be provided in a spreadsheet format to 
the Principal Investigator. The tabulated data will identify the sample number, the 
analytical result, the batch identification, and the results of all quality control 
determinations analyzed in the batch. Copies of the final reports and the tabulated data 
summaries will be retained by the laboratory. 

Data Storage and Retention. All project records, including chain of custody forms, raw 
analytical data, project-specific corrective action reports, project correspondence, and 
project reports, will be maintained by the laboratory for a minimum of 1 year at the 
laboratory and for the additional years at an off-site record storage location maintained by 
the State of Minnesota for a total of 10 years. The laboratory will maintain computer 
hardware and software to allow computer-acquired/generated data and text files to be 
read for 10 years after collection/generation. When records are transferred to the off-site 
location, an inventory of the records will be maintained. 
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The WI NBS Program does not receive maternal address data with the newborn blood 
spots. WI Vital Records will provide reports of births from residences within the 
identified ZIP codes to the WI NBS program. The reports will include mother’s name, 
date of birth, birth hospital, sex and baby’s name. 

ZIP codes will be categorized as urban or non-urban. Percent urban and percent rural data 
for each ZIP code was obtained from the U.S. Census. At least ten rural-urban 
classification systems are available for rural health assessment. The US Bureau of the 
Census maintains definitions of Urban, Urbanized, and Rural Areas for classifying 
populations. Urban populations are those residing in incorporated areas or Census 
Designated Places with 2,500 or more or an Urbanized Area. An Urbanized Area (subset 
of Urban) is a continuously built up area of 50,000 people or more. A built up area is an 
area with a population density of more than 1,000 persons per square mile.  This is 
calculated at the census block level. Rural populations are all those not classified as 
Urban or Urbanized. The definition of urban population is overly inclusive because it 
includes very small towns. In this study will be considered non-urban if the census 
defined it as less than 65% urban. This cut-off was determined following review of maps 
and using qualitative community information.  

ZIP codes categorized as non-urban will be lumped together by state. Lumping is 
necessary for anonymity given the low birth rate by ZIP code within the basin, 
particularly for non-urban ZIP codes. 

The number of samples per state was originally based on the number of births in the basin 
by state. Monthly and annual number of births from 2005 and 2006 were reviewed for 
MI, MN and WI. Due to changes in the storage, custody, and cost per specimen of the 
Michigan residual blood spots the number of specimens from Michigan will be reduced 
from the original plan of 810 to 200. The total number of specimens collected by all three 
states will be approximately 1500. 

B2. Sampling Methods 
The Newborn Screening (NBS) Programs in each state (MI, MN and WI) will collect a 
sample from newborn residual blood specimens (by punching disks from the dried blood 
spot on the submitted filter paper).  

The Newborn Screening Laboratories will use the following criteria to select blood 
specimens for inclusion in the study: 

x Mother’s residence reported on birth certificate is within the Lake Superior Basin 
x The specimen must not be a repeated specimen. 
x A sufficient amount of blood must remain for newborn screening activities. 
x The selected specimens must conform to requirements of the Clinical and 

Laboratory Standards Institute’s Simple Spot Check method. 
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x  MN specimens: No risk factors checked on the specimen card which include: sick 
baby, deceased sibling, congenital anomalies, and maternal pregnancy 
complications, and all of the newborn screening results are normal. 

Specimen punches from each patient will be collected and stored in 96 well plates. Each 
well of the plate will be labeled with a unique identifier (Study ID Number) for that 
specimen. Punches from a blank area from each card will be collected in a similar manner 
and stored in separate wells on the plate that contains the corresponding patient specimen. 
The blank will be used as a quality control measure to check for possible contamination 
of each specimen card. Laboratories will be supplied with pre-populated chain-of-custody 
forms to track the unique identifiers assigned. 

Written, informed consent will be required before the MN Newborn Screening Program 
can release residual specimens for use in this study. Mothers will be contacted a few 
weeks after their infant’s birth and asked for their written, informed consent. The written 
communications from MDH, which the Minnesota mothers will receive at the outset of 
the study, will inform the mothers that the specimens (if meeting eligibility criteria) will 
be de-identified. The mothers will be instructed that, during and after the research study, 
MDH will not inform them if their babies’ specimen was actually included in the study, 
of the individual findings, or of the anonymized, aggregate findings. Instead, MDH will 
generate reports and other communications for scientific audiences and disseminate the 
anonymized results in a non-targeted manner, such as a posting at the MDH website. 

The MDH SOP for sample collection, handling, storage, and custody is found in 
Appendix A. 

B3. Sample Handling and Custody 
Samples from Michigan and Wisconsin will be delivered to the Environmental 
Accessioning area of the MDH Public Health Laboratory through the U.S. postal system. 
Samples from Minnesota will be hand-delivered to the Environmental Accessioning area 
of the MDH Public Health Laboratory. Shipments, whether by mail or delivered in 
person, will be accompanied by the pre-populated chain-of-custody form associated with 
the samples delivered. 

Samples will be held at -20ºC ± 5ºC prior to shipment. Specimens will be shipped with 
ice packs to maintain a temperature <10ºC during transit. 

The MDH SOP for sample collection, handling, storage, and custody is found in 
Appendix A. 
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B4. Analytical Methods Requirements 
Filter paper disks containing dried blood are treated with acidic reagents in a clean room 
facility to release and recover total mercury for analysis. The reagent solution contains an 
internal standard. After vortexing the disks and allowing them to soak overnight in the 
reagents, the eluant is analyzed using an ICP-MS. 

The laboratory’s Research Scientist and Inorganic Chemistry Unit Supervisor are 
responsible to assure that the requirements of the method are met. If method requirements 
are not met, or other non-conformances are encountered, the analyst and Inorganic 
Chemistry Unit Supervisor must stop the analysis, locate the problem, and take corrective 
actions prior to resuming sample analysis. 

The MDH SOP for analysis of total mercury in dried blood spots is found in Appendix B. 

B5. Quality Control Requirements 
Quality Control (QC) determinations shall be used to measure the attributes and 
performance of processes both to prevent and identify sources of error. The MQOs listed 
in A1 Table 1 summarize the types, frequencies, and performance criteria that will be 
used to assess the quality of the sample analyses of the project. 

Sample Collection Quality Control 
Prior to collecting samples for the study, the MDH Environmental Laboratory will assure 
that the three punching devices supplied to the newborn screening laboratories in 
Michigan, Wisconsin, and Minnesota produce uniform-sized punches. 

Filter paper blanks will be used during the project to assess whether blood specimens 
mercury levels are biased due to contamination of the card on which the blood was 
collected. 

Duplicate samples will assess the precision of the method and may demonstrate that the 
blood specimens selected for punching contained uniformly distributed blood. 

Studies conducted by the MDH Newborn Screening Laboratory have documented that 
the volume of blood spotted onto filter paper and punched into a 3 mm circle is 3.1 uL. 
MDH Environmental Laboratory will use this relationship to calculate the concentration 
of blood in sample specimens. 

Chain-of-custody forms will be pre-populated with unique sample identifiers prior to 
sending the forms to the sample collection laboratories in order to minimize the 
possibility of using the same number for two separate specimens. 
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Analytical Quality Control 
Scheduled quality control determinations for the analytical procedures include sample 
card blanks punched from each specimen card in which blood spots are punched, 
performance blood samples, internal standards, single-blind punched blood spots 
randomly distributed among field samples, field duplicates, and laboratory duplicates. 

Evaluation procedures will be used to assess the QC data generated. The evaluation 
procedures include measurements for precision, accuracy, sensitivity, quantitation limits, 
completeness, representativeness, and comparability. The definitions add equations for 
data manipulations are described below. 

Precision 
Precision is a measurement of mutual agreement (or variability) among individual 
measurements of the same property, usually under prescribed similar conditions. 
Precision will be assessed using field duplicates and laboratory duplicates. Precision is 
calculated in terms of relative percent difference (RPD). The RPD of each duplicate is 
compared to the laboratory-established RPD for the analysis. The Research Scientist or 
the Inorganic Chemistry Unit Supervisor must investigate the case of data outside stated 
acceptance limits. Corrective action may include recalibration, reanalysis of QC and field 
samples (if sample volume is available), or flagging the data as suspect if the analysis 
cannot be repeated. 

The following equation is used to evaluate precision: 

RPD = |S – D| x100 
(S + D)/2 

Where:  
S = first sample value  
D = second sample value  

The acceptance limit for field duplicates with concentrations greater than ten times the 
method detection limit is ± 20% RPD.  

The acceptance limit for field duplicates with concentrations less than ten times the 
method detection limit is ± report level. 

Accuracy 
Accuracy is the measure of the bias in a measurement system or the degree of agreement 
of a measurement with an accepted reference of “true” value. Accuracy will be assessed 
using reference samples. The reference samples consist of NIST Standard Reference 
Materials 966 which contains toxic metals, including mercury, in bovine blood. Accuracy 
is calculated in terms of percent recovery. The percent recovery of each duplicate is 
compared to the laboratory-established minimum and maximum recoveries expected for 
individual measurements for an in-control system. The Research Scientist or the 
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Inorganic Chemistry Unit Supervisor must investigate the case of data outside stated 
acceptance limits. Corrective action may include maintenance, recalibration, reanalysis of 
QC and field samples (if sample volume is available), or flagging the data as suspect if 
the analysis cannot be repeated. 

The following equation is used to evaluate accuracy: 

% R = X/T x 100 

Where: 
% R = percent analyte recovery
    X = measured value 

T = true value 

Background Assessment 
Two types of blanks will be used to assess contamination and low system background: 
sample card blanks and laboratory blanks. 

Sample card blanks consist of an equivalent number of spots punched from the blank part 
of each specimen card. They are used to assess contamination from the card, sample 
containers, and equipment and disinfection techniques used during the protocols followed 
in punching the dried blood spots. All contaminant concentrations should be less than the 
reporting level. Sample results will not be corrected for sample card blank values. 
Analyte concentrations in the samples and blanks will be reported and the blank flagged 
if it exceeds the reporting level. 

Laboratory blanks consist of aliquots of reagents used to make up calibration standards 
and performance standards. Laboratory blanks are used to assess contamination that may 
arise from procedures within the laboratory. All contaminant concentrations should be 
less than the reporting level. 

Sensitivity 
Sensitivity will be evaluated using the instrument detection limit, the method detection 
limit, and the reporting level. 

The instrument detection limit (IDL) is determined by calculating the average of the 
standard deviations of three analytical runs perfomed on non-consecutive days of reagent 
blank solution with seven consecutive measurements per day. The IDL is determined at 
the beginning of the project to demonstrate that analyte response is greater than the 
background noise of the instrument. The IDL is not used for quantitation of method 
analytes. 

The method detection limit (MDL) is determined by the standard deviation of the 
concentration of mercury found in dried blood spots of human blood spiked with mercury 
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at the lowest concentration of the calibration curve. The MDL is determined at the 
beginning of the project to establish the minimum concentration above which sample 
values will be reported. In data aggregation, processing, and interpretation, values below 
the MDL are considered as zero. 

The reporting level for the project will be the lowest standard in the calibration 
curve,which is equivalent to 2.4 ug/L total mercury in blood calculated using the volume 
of blood equivalent to two dried blood spots. 

Completeness 
Completeness is the amount of valid data obtained from a measurement system compared 
to the amount that was expected to be obtained under correct normal operations. 
Completeness is calculated in terms of the valid data percentage of the total tests 
requested. Valid analyses are defined as those where the sample arrived at the laboratory 
intact, in sufficient quantity to perform the requested analyses, accompanied by a 
completed chain of custody form, and analyzed is such a manner that analytical QC 
acceptance criteria are met. Our QA objective for completeness is 95%. 

Representativeness 
Representativeness expresses the degree to which data accurately and precisely represents 
a characteristic of a population or sampling point. The characteristics of 
representativeness are usually not quantifiable. Sampling technique and sampling size 
have been carefully chosen to reflect a high degree of representativeness. Samples are 
expected to be very homogeneous and the spots selected from the sample container are 
expected to be representative of the entire sample. 

Comparability 
Comparability expresses the confidence with which one data set can be compared to 
another data set measuring the same property. Comparability is ensured through the use 
of established SOPs, consistency in analytical and sampling personnel, consistency in 
analytical technique, consistency in reporting units, and use of traceable standards for 
instrument calibration. When data are judged to be representative and when precision and 
accuracy are known, the data sets can be compared with the highest degree of confidence. 

Data from this project will not be compared to data generated by other laboratories; 
therefore a measure of inter-laboratory comparability can not be estimated. 

B6. Instrument/Equipment Testing, Inspection, and Maintenance 
Requirements 
The laboratory will maintain instruments and equipment in sound operation condition and 
working order. Preventative maintenance and repairs are documented in dedicated log 
books. The laboratory maintains a supply of spare parts at the instrument, including spare 
cones, tubing, torch, and spray chamber. Service contracts are in place on the ICP-MS 
instrument and all major equipment to assure repairs, if needed, are made in a timely 
manner.  
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Balances are calibrated annually on-site to NIST-traceable standards by a contracted 
calibration company. Balances are checked daily prior to first use by weighing one or 
more known masses. 

Mechanical pipettes are calibrated semi-annually by a contracted calibration company to 
ensure accurate and precise delivery of measured volumes of standards. 

The sensitivity, precision of replicate injections, mass calibration, mass resolution, and 
low system background of the ICP-MS is evaluated each day of use by analyzing and 
examining the results of a tuning performance standard prior to analyzing samples. Any 
deviation requires stopping the analysis and performing a complete evaluation of the 
instrument, including repairs if necessary. If the ICP-MS is shut down for maintenance or 
repair, it must be tuned prior to analyzing samples using the tuning performance standard. 
All tuning observations are documented. 

At least twenty punched disks from the punching devices used to prepare the dried blood 
spots are weighed and the weights compared prior to first use by the Newborn Screening 
laboratories in MI, MN, and WI to assure that the individual punching devices produce 
relatively uniform sized punches. The performance criterion is based on the statistical 
evaluation of differences between the means of the weights obtained from the sample 
sets. Once passed for use in the study, no further inspection or maintenance will be 
conducted on the punching devices. 

B7. Instrument/Equipment Calibration and Frequency 
The ICP-MS is calibrated with every use and prior to sample analysis by analyzing a 
calibration blank and five calibration standards. The calibration blank consists of all 
reagents used on samples along with two punches of blank filter card. The calibration 
standards are five aliquots of reagents that have been spiked in the laboratory with 
varying concentrations of mercury along with two punches of blank filter card. The range 
of calibration corresponds to total mercury in blood from 2.4 ug/L to 48 ug/L calculated 
using the volume of blood equivalent to two dried blood spots. A calibration curve is 
developed using a linear regression of concentration vs. response. All calibration 
standards are prepared from solutions traceable to certified standards. The calibration 
curve is verified against a second-source standard. Both the calibration curve and the 
verification must meet the established acceptance criteria. If the results are outside the 
acceptance criteria, corrective actions are performed. The acceptance criteria are defined 
in the MDH SOP for total mercury in dried blood spots. Sample results from 
unacceptable calibrations or unacceptable calibration verifications are not reported. 

Hard copy records of all instrument calibrations are maintained in the laboratory. 
Corrective actions to remedy an out-of-control situation are documented. 
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An injection log book is maintained for the ICP-MS and includes the method used for 
quantitation, the sequence of injections which details the analysis of blanks, standards, 
and samples, the data file storage reference for each injection, the instrument 
identification and the analyst identification. 

Whenever possible, the laboratory will use NIST-traceable standards for the project. 
Records of standard preparations are maintained. A standard log book is used to 
document the preparation of standards and provide a means to trace each solution to the 
starting material. Each entry is dated and signed by the preparer. Standards are labeled by 
reference to standard log, identification of material, nominal concentration, preparation 
and expiration dates, and identification of preparer. Stock and working solutions are 
prepared fresh as required by their stability and are checked regularly for signs of 
deterioration. Stock and working standards are disposed of properly if signs of 
deterioration are evident, or on their expiration date, whichever occurs first. 

B8. Inspection/Acceptance of Supplies and Consumables 
Supplies and consumables include reagents, standards, 96 well microtiter plates (with 
filtration apparatus and without), pipette tips, high purity Argon gas, paper supplies, 
computer supplies, and instrument parts. Items from each lot of supplies or consumables 
that are used in large quantities, such as microtiter plates and pipette tips, are tested prior 
to first use to assure that they are free of contaminants of concern and that the quality 
does not affect the outcome of the project. Standards are checked prior to first use by 
comparing the quality or performance of the new batch or lot against existing materials. 
Concentrations must agree to within 10%. Reagents and Argon gas quality are monitored 
by the appearance and acceptability of lab procedural blanks. Other supplies and 
consumables are visually inspected for cleanliness, inadequate seals or wrapping, and 
expiration dates. 

The laboratory’s Research Scientist and Inorganic Chemistry Unit Supervisor are 
responsible to assure that supplies and consumables are of acceptable quality. If non-
conformances are encountered, the analyst and Inorganic Chemistry Unit Supervisor 
must stop the analysis, obtain, and verify the quality of new supplies prior to resuming 
sample analysis. 

B9. Non-direct Measurements  
There are no data required from non-measurement sources for the implementation of this 
project. 
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B10. Data Management 
All laboratory personnel involved in the project will use approved data forms and bound 
log books to record the findings of observations or to document their work. The forms 
and log books will be signed and dated. Before final results are released to the Principal 
Investigator, the data will be checked by an equally competent person. Changes to 
documentation must be dated and initialed. All files of data, whether paper or computer-
acquired/generated shall be secured. 

Samples are tracked from receipt to disposal using a laboratory information management 
system (LIMS). Results of sample analyses, quality control determinations, and any data 
qualifiers that describe data that do not meet the acceptance criteria established in the 
SOP are entered into LIMS. In addition, the data of the ICP-MS and most of the 
laboratory’s other analytical instrumentation are networked and transferred electronically 
to the LIMS. Changes to the LIMS data are backed up each evening and the entire 
database is backed up in full each week, each month, and each year. Instrument data on 
the network are backed up on the same schedule. Backup tapes are kept in secure storage 
offsite. 

Data are transformed from individual point values into related values in accordance with 
the equations in the MDH SOP for total mercury in blood spots.  

Standard laboratory record-keeping procedures, document control systems, and data 
storage and retrieval can be found in MDH Laboratory QAM as follows: 

1. Section 6.0 Information Technology.  
2. Section 8.0 Sample Custody, Handling, and Tracking. 
3. Section 14.0 Data Reduction, Verification, Validation, and Reporting 

Data Interpretation and Reporting 
The study will consist of approximately 1500 subjects. The data collected will be 
expressed as a concentration of total mercury in blood (ug/L).  The data will be analyzed 
using geometric means.  The distribution of the mercury levels in the basin will be 
characterized using means, standard deviations, and percentiles. The overall mean for the 
basin sample will be compared to the data on mercury levels in the general US population 
of young children and women of childbearing age.  The national data will be obtained 
from the 2003-2004 National Health and Nutrition Examination Survey (NHANES) 
survey. The comparisons will be done using t-test comparisons. Analysis accounting for 
seasonality will be limited because of the small number of births in the basin per month 
and overall sample size. 

Data will be reported to GLNPO as described in other sections of this QAPP. In addition, 
in cooperation with the GLNPO Project Officer we will disseminate the data and the 
results of our interpretation in reports, presentations and communications with the public. 
Local, state and tribal public health and health care providers will be invited to participate 
in the design and implementation of the communication of results and outreach. 
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SECTION C. ASSESSMENT AND OVERSIGHT 

C1. Assessment and Response Actions 
Assessments planned for the life of the project include surveillance, peer review, 
performance evaluation, quality system audits, and data quality assessments. 

Surveillance 
Surveillance will consist of frequent monitoring of the status of the project and an 
analysis of records as a check that the requirements of the project are being fulfilled. The 
MDH laboratory QA Officer will conduct weekly surveillance of the data produced for 
the project. All planned surveillance activities will be documented. If unplanned 
deviations from established protocols are determined during the course of surveillance 
activities, the Principal Investigator and the MDH Environmental Laboratory Manager 
will be notified in writing. The laboratory’s Research Scientist, the Inorganic Chemistry 
Unit Supervisor, and the laboratory QA Officer are responsible to locate the source of the 
problem, and take corrective actions prior to resuming sample analysis. 

The MDH Environmental Laboratory Manager has the authority to stop work on the 
project should the identified deviations, in her view, prevent the data from being judged 
as valid. 

Peer Review 
Peer review will consist of reviewing the results of the data by someone equally 
competent as the analyst performing the work. Documents will be reviewed for technical 
adequacy, accuracy, compliance with the established protocols and procedures, and 
editorial quality. The MDH laboratory Inorganic Chemistry Unit Supervisor and the 
MDH laboratory QA Officer will conduct peer review in an on-going manner over the 
course of the project. All peer review activities will be documented. 

Proficiency Testing 
The laboratory will seek out and enroll in any proficiency testing studies that may come 
available during the course of the project. There are no proficiency testing samples that 
are specific to this QAPP; however, the laboratory will continue to participate in 
proficiency testing studies of total mercury in whole blood. Throughout the course of the 
project, challenge samples of mercury on dried blood spots will be presented irregularly 
as routine samples to the Research Scientist. The Principal Investigator will evaluate the 
data resulting from the challenge samples. 

Quality System Audits 
Independent assessments of the laboratory’s ability to generate data of a quality sufficient 
to meet the needs of the projects that the laboratory is involved with are conducted 
regularly by auditors that are functionally independent from the laboratory, in particular 
by auditors from EPA and the Centers for Medicare and Medicaid Services (CMS), 
which administers the CLIA inspections. An audit by a CLIA inspector is planned for fall 
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2008 and should include a review of the SOP for total mercury in dried blood spots. The 
MDH laboratory QA Officer conducts internal laboratory and management system audits 
in an on-going manner over the course of a year. All internal audit activities are 
documented. 

Data Quality Assessments 
After all the data have been collected, the Inorganic Chemistry Unit Supervisor and the 
MDH laboratory QA Officer will assess whether the data were accumulated, transferred, 
reduced, calculated, summarized, and reported correctly. All data that meet the MQOs 
listed in A1 Table 2 will be considered acceptable for project decision making. 

All planned assessments and audits will be completed and documented. 

Response Actions 
Corrective actions will be taken when errors, non-conformances, or out-of-control 
situations exist. All potentially affected data must be thoroughly reviewed for acceptance 
or rejection. 

C2. Reports to Management  
The PI will provide semi-annual progress reports to the EPA Project Officer summarizing 
all progress to date, results of any performance or internal audits, interim data quality 
assessments and any notable lapses in quality assurance and plans for addressing these 
problems. A Final Project Report will be provided to the EPA Project Officer at the end 
of the project that includes all data and data interpretation.  

SECTION D. DATA VALIDATION AND USABILITY 

D1. Data Review, Verification and Validation 
All data meeting the Measurement Quality Objectives (Table 2) will be considered 
acceptable and usable by the project. Data having any QA qualifiers will be carefully 
examined to determine if the qualifier invalidates the data, or whether the data are still 
judged acceptable despite the QA qualifier, based on professional judgment of the PI.  

D2. Verification and Validation Methods  
The PI will review all data generated. The use of laboratory spikes, check samples, and 
performance standards serves to verify that the systems and procedures are working 
correctly and to validate the results of the project. 

D3. Reconciliation with User Requirements 
The MQOs have been designed to provide data such that the DQOs of the project will be 
met. 
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Appendix A  Method of Punching Dried Blood Spots on Filter Paper for Mercury 
Biomonitoring in Newborns in the Lake Superior Basin and Other 
Minnesota Locations 

Appendix B  Procedure for the Determination of: Mercury in Dried Blood Spots by 
Inductively Coupled Plasma Mass Spectroscopy (ICP-MS) 

Appendix C  Quality Assurance Manual for the Environmental Laboratory Testing 
Units Public Health Laboratory Division Minnesota Department of Health 

Appendix D  Organizational Charts 
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METHOD OF PUNCHING DRIED BLOOD SPOTS ON FILTER PAPER FOR  
MERCURY BIOMONITORING IN NEWBORNS IN THE LAKE SUPERIOR BASIN  

AND OTHER MINNESOTA LOCATIONS  

1.0  SCOPE AND APPLICATION 

1.1  Employees acting on behalf of the Newborn Screening Programs (NBS) at the Minnesota 
Department of Health (MDH), the Wisconsin State Laboratory of Hygiene (WSLH), and 
the Michigan Department of Community Health (MDCH) will collect blood spots to 
determine the mercury levels from newborns in the Lake Superior basin.   

2.0  SUMMARY OF METHOD 

2.1  Babies born to mothers who live in the Lake Superior basin in the states of Minnesota, 
Wisconsin, and Michigan will have their newborn screening cards tested for mercury 
levels. Before any specimens from Minnesota can be used, MDH will receive permission 
from a parent for use of their child’s residual dried blood spot in this study. Four 3-mm 
(1/8-inch) discs will be punched from the residual dried blood spots corresponding to 
each selected newborn into a plate and sealed with strip caps for transportation. The 
validity of the specimen is determined before the spot is punched. Four 3-mm discs of 
blank filter paper will also be punched from each selected newborn’s specimen card into 
the plate. On every twentieth specimen, four additional 3-mm blood spot discs and blank 
filter paper discs will be punched for quality control determinations. Specimens from 
Wisconsin and Michigan will be mailed to MDH for analysis.  

3.0  SAFETY 

3.1  Analysts who work in the laboratory should follow each state’s laboratory safety policy. 
If there are any questions as to what the policies are, contact the newborn screening 
supervisor from each state. 

3.2  Safety glasses must be worn by analysts when handling chemicals and reagents.  Lab 
coats and other protective clothing, such as gloves, should be worn by analysts when 
appropriate. 

4.0  EQUIPMENT AND SUPPLIES 

4.1  Wallac MultipuncherTM (or equivalent), plus computer and printer, available by 
PerkinElmer, Catalog # 1296-081. 

4.2  Eppendorf twin.tec PCR skirted 96 well microtitre plates, Catalog #951020401 (Supplied 
by MDH). 
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4.3  Eppendorf Cap Strips, Catalog #951023035 (Supplied by MDH). 

4.4  VWR Plastic Bags 9x12 inches, Catalog #WL52870 (Supplied by MDH). 

4.5  Freezers capable of constant temperatures from 0 to -30ºC. 

5.0  SPECIMEN COLLECTION AND STORAGE 

5.1  MDH, WSLH, and MDCH will select blood spots for analysis with the understanding 
that the blood spots have been collected using the following guidelines. 
5.1.1  Blood should be collected on filter cards by heel stick from newborn infants 24 – 

48 hours old. (In rare circumstances, the first collection can occur up to a few 
weeks after birth. For this mercury biomonitoring study, specimens are deemed to 
be acceptable if they are collected before the infant is ten days of age.) 

5.1.2  For complete collection instructions, refer to the publication of the Clinical and 
Laboratory Standards Institute (CLSI): Blood Collection on Filter Paper for 
Newborn Screening Programs; Approved Standard-Fifth Edition (LA4-A5, Vol. 
27, No. 20). 

5.1.3  Specimens are air dried for at least 3-4 hours and mailed or couriered to each 
state’s Newborn Screening Laboratory. 

5.1.4  The specimen cards are stored per individual laboratory protocol. 

5.2  After the specimens have been punched into the plates, the plates should be stored in a 
freezer, maintained at -20 ± 5oC, until they are shipped or hand delivered to the 
Environmental Accessioning area of the MDH Public Health Laboratory. The Inorganic 
Chemistry Unit at MDH will store the specimens in a freezer, maintained at -20 ± 5oC, 
until analysis. 

6.0  PROCEDURE 

6.1  Equipment and Supplies: MDH will supply all participating facilities with plates and strip 
caps into which the facilities will punch the dried bloods spots and filter blanks using a 
Wallac MultipuncherTM. This is to ensure minimum variation between the three state 
newborn screening programs. Each state will follow their own maintenance protocols for 
cleaning of the Wallac Multipuncher TM. 

6.2  Specimen Selection: When newborn screening testing is fully completed, the specimens 
with ZIP codes from the Lake Superior Basin will be pulled for use in this study. All 
repeat specimens from a single newborn should be excluded from the study. Specimens 
from transfused babies should also be excluded. No specimens will be considered for use 
in the study if the specimen collection date is greater than 10 days of age.  
6.2.1  ZIP code information is not included on the Wisconsin NBS cards. Wisconsin 

Vital Records will provide the Wisconsin NBS facility with a list of specimens 
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with ZIP codes listed in Attachment 9.1, “ZIP Code Lists for Michigan, 
Minnesota, and Wisconsin”. 

6.2.2  Only the MDH Newborn Screening Program will need written, informed consent 
before they can release a residual specimen for use in this study. After NBS work 
is complete, a query in the Laboratory Information Management System (LIMS) 
will be used to provide a weekly list of specimens that meet the following criteria:  

x  Mother’s residence ZIP code, listed on the specimen card, is in the Lake  
Superior Basin per the list of ZIP codes in Attachment 9.1, “ZIP Code 
Lists for Michigan, Minnesota, and Wisconsin”. 

x No specimens included where families have directed that their child’s  
blood spot card be destroyed. 

x No transfused sample specimens or babies with more adult hemoglobin  
than fetal hemoglobin will be included. 

x No repeat samples included (when a hospital or other responsible party 
has 

collected specimens from a single infant on more than one day and 
submitted separate cards, only the specimens collected on the earliest date 
should be used). 

x  Specimens included only when there are fewer than 10 days between the 
date of birth and the date of collection. 

x  No risk factors have been checked on the specimen card including: sick 
baby, deceased sibling, congenital anomalies, and maternal pregnancy 
complications. 

x  All of the newborn screening results are normal.  
x  All babies known to have been admitted to a Neonatal Intensive Care Unit  

(NICU) or with a birth weight under 2000 grams will be excluded from 
the group. 

x All deceased babies will be excluded from the study.  
x Specimens from St. Mary’s hospital in Duluth, MN taken less than 24 

hours from birth will be excluded from the study. 

Informed Consent: The list of specimens meeting the criteria in 6.2 and 6.3 will 
be checked to ensure there are no repeat records or babies known to be deceased. 
A unique Informed Consent Identification Number and ZIP code cluster will be 
assigned to each record in the list. The Informed Consent Identification Number 
will be used for tracking the informed consent process but will not be carried 
forward once consent is achieved. When informed consent is received a copy of 
the signed form will be mailed back to the participant. The NBS lab will retain the 
original in the records storage room in the administrative area of the Public 
Health Laboratory. Once written consent is received, the specimen can be used in 
the study. Local Public Health will attempt to obtain informed consent from the 
families they visit as part of their normal new baby visits and will mail signed 
informed consent forms to MDH mercury study staff. 

6.3  Determination of Satisfactory Specimen: Attachment 9.2 contains a copy of the CLSI 
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Simple Spot Check, which should be followed to identify satisfactory specimens. If the 
specimen is determined as unsatisfactory or if there is not an adequate amount of blood, 
the specimen should be excluded from the study. If there is enough blood for the study, 
but there will be insufficient blood left over for the newborn screening laboratory, the 
specimen should be excluded from the study. All repeat specimens should also be 
excluded from the study. MDH will not request informed consent on unsatisfactory 
specimens. 

6.4  Specimen Punching: Punch four discs of dried blood into two wells, so there are two 
blood spot discs per well for each newborn screening card included in the study. Also 
punch four discs of blank filter paper into two wells, so there are two blank filter paper 
discs in each well for each of the newborn screening cards. Punch an additional four discs 
of dried blood and blank filter paper on every twentieth NBS card that is eligible for 
inclusion in the study. 

x Punch specimens into microtiter plates and seal with strip caps (both supplied by MDH 
for the mercury biomonitoring project).  

x Use the Wallac MultipuncherTM to punch the specimens into the plates. 
x Avoid ink as much as possible while punching the blood spots and filter paper blanks. 
x Punch the dried blood spot discs from as many dried blood spots on the card as possible 

to account for any variation among different blood spots on the newborn screening card. 
For example, MDH only has three available dried blood spots on their newborn screening 
card. Two of the dried blood spots will have a single punch taken out of it and one blood 
spot will have two punches taken out of it for a total of four dried blood spot discs. 
6.4.1  A total of twenty specimens can be punched into one plate. Create a punching 

gridsheet for the specimens to be punched (See Attachment 9.5 for a copy of this 
form). Each well on the punching gridsheet will contain the Study ID Number 
(e.g. MN-0001) and indicate if there are dried blood spots or filter blanks in the 
wells. The following wells are to remain empty: E11, F11, G11, H11, A12, B12, 
C12, D12, E12, F12, G12, & H12. MDH will send a punching gridsheet template 
to be used by all participants in the study and a copy of the form is provided in 
Attachment 9.5. Number the plates with a permanent marker and write the same 
number on the corresponding gridsheet.  

6.4.2  When punching the first specimen, two blood spot discs will be punched into well 
A1 and two blood spot discs will be punched into well A2. Punch two blank filter 
paper discs into wells A3 and A4 from the same specimen card. Continue this 
pattern for all of the twenty specimens for the plate. The twentieth specimen will 
have an additional four dried blood spots and filter paper blanks punched. Wells 
E10, F10, G10, & H10 will contain two dried blood spot discs and wells A11, 
B11, C11, & D11 will contain two filter paper blank discs. The punching 
gridsheet should match attachments 9.3 and 9.4 “Infant Descriptor for Mercury 
Dried Blood Specimens” and the “Chain of Custody for Mercury Dried Blood 
Specimens.” Cover all wells on the plate with strip caps when the punching has 
been completed. 

6.4.3  Store the plates in a -20oC freezer, maintained at ± 5oC until the specimens can be 
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mailed or delivered to MDH Environmental Accessioning area.   

6.5  Mailing/Delivery of Specimens: To ensure anonymity a minimum of five specimens per 
sex, per ZIP code cluster, per month is needed before the samples are shipped to the 
MDH. If these minimum criteria are not met, the facility should contact the Principal 
Investigator, Pat McCann (patricia.mccann@state.mn.us or 651/201-4915), for further 
instructions. The plates containing specimens must be accompanied by a completed 
Blood Specimen Criteria Checklist, chain of custody form, and punching gridsheet when 
mailed to MDH. A copy of the chain of custody form is provided in Attachment 9.4, 
“Chain of Custody for Mercury Dried Blood Specimens.” The chain of custody form is a 
list of specimens that is to be shipped to MDH. The plates will be placed in large 
reclosable bags supplied by MDH along with the chain of custody form. The specimens 
should be shipped with ice packs, so the temperature is maintained at <10oC throughout 
the shipment. The opening of the iced compartment should be completely sealed with 
packing tape and signed and dated across the tape to assure integrity of the contents 
during transit. The specimens should be mailed to the address provided on the chain of 
custody form using the pre-paid, addressed Fed Ex labels supplied by MDH so that 
delivery is made to the Environmental Accessioning area of the MDH Public Health 
Laboratory. MDH will hand deliver their monthly batches. The specimens will be 
assigned and labeled with a MDH accession number and entered into the Laboratory 
Information Management System (LIMS) by Environmental Accessioning staff and 
delivered to the Inorganic Chemistry Unit. The MDH accession number will be linked to 
the Study ID Number on the “Chain of Custody for Mercury Dried Blood Specimens.” 
An authorized representative of the Inorganic Chemistry Unit will place the specimens in 
a secure -20oC freezer, maintained at ± 5oC. 

6.6  Notification of Shipped Specimens: After each facility mails or delivers the specimens to 
the MDH Environmental Accessioning area, an authorized staff member must email the 
completed form, “Infant Descriptors for Mercury Dried Blood Specimens,” to 
patricia.mccann@state.mn.us as a password-protected document and not to the Inorganic 
Chemistry Laboratory personnel. (See Attachment 9.3 for a copy of this form).  

7.0  QUALITY CONTROL 

7.1  Reference Sample Specimens: Periodically throughout the study, the MDH 
Environmental Laboratory Quality Assurance Officer will supply reference sample 
specimen cards with blood spots of known mercury concentration values to the 
participating laboratories. These specimens should be treated like normal specimens for 
this study and be collected in accordance with the schedule provided with the reference 
sample specimens and using the above procedure for specimen punching (Section 6.4). 
Do not choose the reference sample as the twentieth specimen that will have additional 
punches taken out of it. Also vary the location of the reference sample on the plate. The 
laboratory punching the reference samples shall assign a Study ID Number to the 
reference sample discs and the blank filter paper discs and fill out attachments 9.3 and 
9.4, “Infant Descriptors for Mercury Dried Blood Specimens”, and “Chain of Custody for 
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Mercury Dried Blood Specimens.” The three state newborn screening programs will 
submit these reference sample specimens along with batches of the punched discs from 
residual newborn specimens. These reference sample specimens will be single-blinded to 
the Inorganic Chemistry analyst. When completing the “Infant Descriptors for Mercury 
Dried Blood Specimens” form, indicate that the blood spots are reference sample 
specimens by writing “REF” in the last column (See Attachment 9.3). This form must be 
emailed to patricia.mccann@state.mn.us as a password-protected document and not to 
the Inorganic Chemistry Laboratory personnel. (See Attachment 9.3 for a copy of this 
form.) 

8.0  REFERENCES 

8.1  CLSI. Blood Collection on Filter Paper for Newborn Screening Programs; Approved 
Standard-Fifth Edition. CLSI document LA4-A5. Wayne, PA: Clinical and Laboratory 
Standards Institute; 2007 
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9.0 ATTACHMENT 
9.1 ZIP Code Lists for Michigan, Minnesota, and Wisconsin 

ZIP CODE PO_NAME STATE Zip Code Cluster 
49715 BRIMLEY MI non-urban 
49724 DAFTER MI non-urban 
49728 ECKERMAN MI non-urban 
49748 HULBERT MI non-urban 
49752 KINROSS MI non-urban 
49762 NAUBINWAY MI non-urban 
49768 PARADISE MI non-urban 
49780 RUDYARD MI non-urban 
49783 SAULT SAINTE MARIE MI East UP Urban 
49784 KINCHELOE MI East UP Urban 
49785 KINCHELOE MI East UP Urban 
49788 KINCHELOE MI East UP Urban 
49790 STRONGS MI non-urban 
49793 TROUT LAKE MI non-urban 
49805 ALLOUEZ MI West UP Urban 
49806 AU TRAIN MI non-urban 
49808 BIG BAY MI non-urban 
49814 CHAMPION MI non-urban 
49816 CHATHAM MI non-urban 
49822 DEERTON MI non-urban 
49825 EBEN JUNCTION MI non-urban 
49826 RUMELY MI non-urban 
49839 GRAND MARAIS MI non-urban 
49841 GWINN MI non-urban 
49849 ISHPEMING MI East UP Urban 
49853 MC MILLAN MI non-urban 
49855 MARQUETTE MI East UP Urban 
49861 MICHIGAMME MI non-urban 
49862 MUNISING MI non-urban 
49865 NATIONAL MINE MI East UP Urban 
49866 NEGAUNEE MI non-urban 
49868 NEWBERRY MI non-urban 
49871 PALMER MI non-urban 
49883 SENEY MI non-urban 
49884 SHINGLETON MI non-urban 
49885 SKANDIA MI non-urban 
49891 TRENARY MI non-urban 
49895 WETMORE MI non-urban 
49901 AHMEEK MI West UP Urban 
49905 ATLANTIC MINE MI non-urban 
49908 BARAGA MI non-urban 
49910 BERGLAND MI non-urban 
49911 BESSEMER MI non-urban 
49912 BRUCE CROSSING MI non-urban 
49913 CALUMET MI West UP Urban 
49915 CASPIAN MI non-urban 
49916 CHASSELL MI non-urban 
49917 COPPER CITY MI West UP Urban 
49918 COPPER HARBOR MI non-urban 
49919 COVINGTON MI non-urban 
49921 DODGEVILLE MI non-urban 
49922 DOLLAR BAY MI West UP Urban 
49925 EWEN MI non-urban 
49929 GREENLAND MI non-urban 
49930 HANCOCK MI West UP Urban 
49931 HOUGHTON MI West UP Urban 
49934 HUBBELL MI non-urban 
49935 IRON RIVER MI non-urban 
49938 IRONWOOD MI West UP Urban 
49945 LAKE LINDEN MI non-urban 
49946 LANSE MI non-urban 
49947 MARENISCO MI non-urban 
49948 MASS CITY MI non-urban 
49950 MOHAWK MI non-urban 
49952 NISULA MI non-urban 
49953 ONTONAGON MI non-urban 
49955 PAINESDALE MI non-urban 
49958 PELKIE MI non-urban 
49959 RAMSAY MI non-urban 
49960 ROCKLAND MI non-urban 
49961 SIDNAW MI non-urban 
49962 SKANEE MI non-urban 
49963 SOUTH RANGE MI non-urban 
49964 STAMBAUGH MI non-urban 
49965 TOIVOLA MI non-urban 
49967 TROUT CREEK MI non-urban 
49968 WAKEFIELD MI non-urban 
49969 WATERSMEET MI non-urban 
49970 WATTON MI non-urban 
49971 WHITE PINE MI non-urban 
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ZIP CODE PO NAME STATE Zip Code Cluster 
55601 BEAVER BAY MN non-urban 
55602 BRIMSON MN non-urban 
55603 FINLAND MN non-urban 
55604 GRAND MARAIS MN non-urban 
55605 GRAND PORTAGE MN non-urban 
55606 HOVLAND MN non-urban 
55607 ISABELLA MN non-urban 
55609 KNIFE RIVER MN non-urban 
55612 LUTSEN MN non-urban 
55613 SCHROEDER MN non-urban 
55614 SILVER BAY MN non-urban 
55615 TOFTE MN non-urban 
55616 TWO HARBORS MN non-urban 
55701 ADOLPH MN non-urban 
55702 ALBORN MN non-urban 
55705 AURORA MN non-urban 
55706 BABBITT MN non-urban 
55707 BARNUM MN non-urban 
55708 BIWABIK MN non-urban 
55710 BRITT MN non-urban 
55711 BROOKSTON MN non-urban 
55713 BUHL MN urban 
55717 CANYON MN non-urban 
55718 CARLTON MN non-urban 
55719 CHISHOLM MN urban 
55720 CLOQUET MN non-urban 
55724 COTTON MN non-urban 
55726 CROMWELL MN non-urban 
55732 EMBARRASS MN non-urban 
55733 ESKO MN non-urban 
55734 EVELETH MN non-urban 
55736 FLOODWOOD MN non-urban 
55738 FORBES MN non-urban 
55741 GILBERT MN non-urban 
55742 GOODLAND MN non-urban 
55746 HIBBING MN urban 
55747 HIBBING MN urban 
55749 HOLYOKE MN non-urban 
55750 HOYT LAKES MN non-urban 
55751 IRON MN non-urban 
55752 JACOBSON MN non-urban 
55756 KERRICK MN non-urban 
55758 KINNEY MN urban 
55763 MAKINEN MN non-urban 
55765 MEADOWLANDS MN non-urban 
55766 MELRUDE MN non-urban 
55767 MOOSE LAKE MN non-urban 
55768 MOUNTAIN IRON MN non-urban 
55775 PENGILLY MN non-urban 
55777 VIRGINIA MN urban 
55779 SAGINAW MN non-urban 
55780 SAWYER MN non-urban 
55782 SOUDAN MN non-urban 
55784 SWAN RIVER MN non-urban 
55787 TAMARACK MN non-urban 
55790 TOWER MN non-urban 
55791 TWIG MN non-urban 
55792 VIRGINIA MN urban 
55793 WARBA MN non-urban 
55797 WRENSHALL MN non-urban 
55801 DULUTH MN urban 
55802 DULUTH MN urban 
55803 DULUTH MN non-urban 
55804 DULUTH MN urban 
55805 DULUTH MN urban 
55806 DULUTH MN urban 
55807 DULUTH MN urban 
55808 DULUTH MN urban 
55810 DULUTH MN non-urban 
55811 DULUTH MN urban 
55812 DULUTH MN urban 
55814 DULUTH MN urban 
55815 DULUTH MN urban 
55816 DULUTH MN urban 
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ZIP CODE PO_NAME STATE Zip Code Cluster 
54517 CLAM LAKE WI WI 
54519 CONOVER WI WI 
54525 GILE WI WI 
54527 GLIDDEN WI WI 
54534 HURLEY WI WI 
54536 IRON BELT WI WI 
54540 LAND O LAKES WI WI 
54546 MELLEN WI WI 
54547 MERCER WI WI 
54550 MONTREAL WI WI 
54557 PRESQUE ISLE WI WI 
54559 SAXON WI WI 
54565 UPSON WI WI 
54806 ASHLAND WI WI 
54814 BAYFIELD WI WI 
54816 BENOIT WI WI 
54820 BRULE WI WI 
54821 CABLE WI WI 
54827 CORNUCOPIA WI WI 
54832 DRUMMOND WI WI 
54836 FOXBORO WI WI 
54838 GORDON WI WI 
54839 GRAND VIEW WI WI 
54842 HAWTHORNE WI WI 
54844 HERBSTER WI WI 
54846 HIGH BRIDGE WI WI 
54847 IRON RIVER WI WI 
54849 LAKE NEBAGAMON WI WI 
54850 LA POINTE WI WI 
54854 MAPLE WI WI 
54855 MARENGO WI WI 
54856 MASON WI WI 
54861 ODANAH WI WI 
54864 POPLAR WI WI 
54865 PORT WING WI WI 
54873 SOLON SPRINGS WI WI 
54874 SOUTH RANGE WI WI 
54880 SUPERIOR WI WI 
54891 WASHBURN WI WI 
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9.2 CLSI Simple Spot Check 















         
                

  
    

    

      

   

 

 

           

      

      

     

          
    

   

         
 

  
 

   

 

     

 
 
 

 
 

Minnesota Department of Health      SOP: Mercury Method of Punching Filter Paper Effective Date: Date of Last Signature 
Newborn Screening Program Revision: D 
Public Health Laboratory Page:  18 of 21 

Minnesota Department of Health 
Public Health Laboratory  

601 Robert St. N. Saint Paul, MN, 55155-2531  

Blood Specimen Criteria Checklist 

All tests for newborn screening are complete.  

Sufficient sample volume left over for newborn screening laboratory.  

Blood spots must meet the Simple Spot Check CLSI criteria before punching.  

Adequate amount of blood contained within blood spot to collect necessary number of discs.  

No repeat sample specimens.  

No specimens collected after transfusion.  

All samples collected should be less than 10 days between the date of birth and the date of collection.  

Every twentieth specimen, punch an additional four 3mm discs from the blood spot.  

When a reference sample is received from MDH, follow the attached schedule for sample collection  
(SOP section 7.1)  

All specimens stored in a -20oC freezer, before shipment to the Minnesota Laboratory.  

Make sure each monthly batch of samples contains at least 5 samples of each sex per zip code cluster  
before sending to the MDH metals lab.  

Chain of Custody form completed and shipped with samples to MDH.  

The specimens should be shipped with ice packs so the temperature is <10oC, package sealed with 
chain-of-custody tape. 

Electronic Infant Descriptor spreadsheet completed and e-mailed to patricia.mccann@state.mn.us 

Comments: 
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9.5 Mercury Study Gridsheets Mercury Study 
Date 
Punched by 

Plate 1 

1
 2

 3
 4

 5
 6

 7
 8

 9
10

 11
 12

 

ABCDEFGH

MN-0001

Spots 

MN-0003

Spots 

MN-0005

Spots 

MN-0007

Spots 

MN-0009

Spots 

MN-0011

Spots 

MN-0013

Spots 

MN-0015

Spots 

MN-0017

Spots 

MN-0019 

Spots 

MN-0020 

Blanks

MN-0001

Spots 

MN-0003

Spots 

MN-0005

Spots 

MN-0007

Spots 

MN-0009

Spots 

MN-0011

Spots 

MN-0013

Spots 

MN-0015

Spots 

MN-0017

Spots 

MN-0019 

Spots 

MN-0020 

Blanks 

MN-0001 

Blanks 

MN-0003

Blanks 

MN-0005

Blanks 

MN-0007

Blanks 

MN-0009 

Blanks 

MN-0011

Blanks 

MN-0013

Blanks 

MN-0015

Blanks 

MN-0017 

Blanks 

MN-0019 

Blanks 

MN-0020

Blanks 

MN-0001 

Blanks 

MN-0003

Blanks 

MN-0005

Blanks 

MN-0007

Blanks 

MN-0009 

Blanks 

MN-0011

Blanks 

MN-0013

Blanks 

MN-0015

Blanks 

MN-0017 

Blanks 

MN-0019 

Blanks 

MN-0020

Blanks 

MN-0002

Spots 

MN-0004

Spots 

MN-0006

Spots 

MN-0008

Spots 

MN-0010

Spots 

MN-0012

Spots 

MN-0014

Spots 

MN-0016

Spots 

MN-0018

Spots 

MN-0020 

Spots 

MN-0002

Spots 

MN-0004

Spots 

MN-0006

Spots 

MN-0008

Spots 

MN-0010

Spots 

MN-0012

Spots 

MN-0014

Spots 

MN-0016

Spots 

MN-0018

Spots 

MN-0020 

Spots 

MN-0002 

Blanks 

MN-0004

Blanks 

MN-0006

Blanks 

MN-0008

Blanks 

MN-0010 

Blanks 

MN-0012

Blanks 

MN-0014

Blanks 

MN-0016

Blanks 

MN-0018 

Blanks 

MN-0020 

Spots 

MN-0002 

Blanks 

MN-0004

Blanks 

MN-0006

Blanks 

MN-0008

Blanks 

MN-0010 

Blanks 

MN-0012

Blanks 

MN-0014

Blanks 

MN-0016

Blanks 

MN-0018 

Blanks 

MN-0020 

Spots
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Mercury Study 
Date
Punched by 

Plate 1

1
 2

 3
 4

 5
 6

 7
 8

 9
10

 11
 12

 

ABCDEFGH 

W
I-0001 

Spots 

W
I-0003 

Spots 

W
I-0005 

Spots 

W
I-0007 

Spots 

W
I-0009 

Spots 

W
I-0011 

Spots 

W
I-0013 

Spots 

W
I-0015 

Spots 

W
I-0017 

Spots 

W
I-0019 

Spots 

W
I-0020 

Blanks 

W
I-0001 

Spots 

W
I-0003 

Spots 

W
I-0005 

Spots 

W
I-0007 

Spots 

W
I-0009 

Spots 

W
I-0011 

Spots 

W
I-0013 

Spots 

W
I-0015 

Spots 

W
I-0017 

Spots 

W
I-0019 

Spots 

W
I-0020 

Blanks 

W
I-0001 

Blanks 

W
I-0003 

Blanks 

W
I-0005 

Blanks 

W
I-0007 

Blanks 

W
I-0009 

Blanks 

W
I-0011 

Blanks 

W
I-0013 

Blanks 

W
I-0015 

Blanks 

W
I-0017 

Blanks 

W
I-0019 

Blanks 

W
I-0020 

Blanks 

W
I-0001 

Blanks 

W
I-0003 

Blanks 

W
I-0005 

Blanks 

W
I-0007 

Blanks 

W
I-0009 

Blanks 

W
I-0011 

Blanks 

W
I-0013 

Blanks 

W
I-0015 

Blanks 

W
I-0017 

Blanks 

W
I-0019 

Blanks 

W
I-0020 

Blanks 

W
I-0002 

Spots 

W
I-0004 

Spots 

W
I-0006 

Spots 

W
I-0008 

Spots 

W
I-0010 

Spots 

W
I-0012 

Spots 

W
I-0014 

Spots 

W
I-0016 

Spots 

W
I-0018 

Spots 

W
I-0020 

Spots 

W
I-0002 

Spots 

W
I-0004 

Spots 

W
I-0006 

Spots 

W
I-0008 

Spots 

W
I-0010 

Spots 

W
I-0012 

Spots 

W
I-0014 

Spots 

W
I-0016 

Spots 

W
I-0018 

Spots 

W
I-0020 

Spots 

W
I-0002 

Blanks 

W
I-0004 

Blanks 

W
I-0006 

Blanks 

W
I-0008 

Blanks 

W
I-0010 

Blanks 

W
I-0012 

Blanks 

W
I-0014 

Blanks 

W
I-0016 

Blanks 

W
I-0018 

Blanks 

W
I-0020 

Spots 

W
I-0002 

Blanks 

W
I-0004 

Blanks 

W
I-0006 

Blanks 

W
I-0008 

Blanks 

W
I-0010 

Blanks 

W
I-0012 

Blanks 

W
I-0014 

Blanks 

W
I-0016 

Blanks 

W
I-0018 

Blanks 

W
I-0020 

Spots 
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M
ercury Study 

Date 
Punched by 

Plate 1 

1
2 

3 
4 

5 
6

7 
8

9
10

 11
 12

ABCDEFGH 

M
I-0001

Spots 

M
I-0003 

Spots 

M
I-0005 

Spots 

M
I-0007 

Spots 

M
I-0009 

Spots 

M
I-0011

Spots 

M
I-0013 

Spots 

M
I-0015 

Spots

M
I-0017

Spots 

M
I-0019 

Spots 

M
I-0020 

Blanks

M
I-0001

Spots 

M
I-0003 

Spots 

M
I-0005 

Spots 

M
I-0007 

Spots 

M
I-0009 

Spots 

M
I-0011

Spots 

M
I-0013 

Spots 

M
I-0015 

Spots

M
I-0017

Spots 

M
I-0019 

Spots 

M
I-0020 

Blanks 

M
I-0001

Blanks 

M
I-0003 

Blanks 

M
I-0005 

Blanks 

M
I-0007 

Blanks 

M
I-0009 

Blanks 

M
I-0011 

Blanks 

M
I-0013 

Blanks 

M
I-0015 

Blanks 

M
I-0017 

Blanks 

M
I-0019 

Blanks 

M
I-0020 

Blanks 

M
I-0001

Blanks 

M
I-0003 

Blanks 

M
I-0005 

Blanks 

M
I-0007 

Blanks 

M
I-0009 

Blanks 

M
I-0011

Blanks 

M
I-0013 

Blanks 

M
I-0015 

Blanks

M
I-0017

Blanks 

M
I-0019 

Blanks 

M
I-0020 

Blanks 

M
I-0002

Spots 

M
I-0004 

Spots 

M
I-0006 

Spots 

M
I-0008 

Spots 

M
I-0010 

Spots 

M
I-0012

Spots 

M
I-0014 

Spots 

M
I-0016 

Spots 

M
I-0018

Spots 

M
I-0020 

Spots 

M
I-0002

Spots 

M
I-0004 

Spots 

M
I-0006 

Spots 

M
I-0008 

Spots 

M
I-0010 

Spots 

M
I-0012

Spots 

M
I-0014 

Spots 

M
I-0016 

Spots

M
I-0018

Spots 

M
I-0020 

Spots 

M
I-0002

Blanks 

M
I-0004 

Blanks 

M
I-0006 

Blanks 

M
I-0008 

Blanks 

M
I-0010 

Blanks 

M
I-0012 

Blanks 

M
I-0014 

Blanks 

M
I-0016 

Blanks 

M
I-0018 

Blanks 

M
I-0020 

Spots 

M
I-0002

Blanks 

M
I-0004 

Blanks 

M
I-0006 

Blanks 

M
I-0008 

Blanks 

M
I-0010 

Blanks 

M
I-0012

Blanks 

M
I-0014 

Blanks 

M
I-0016 

Blanks

M
I-0018

Blanks 

M
I-0020 

Spots
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1.0  SCOPE AND APPLICATION 

1.1  This method is applicable to laboratory screening of mercury in a dried blood 
spot formed on filter paper. 

1.2  This method is applicable to total mercury (Hg) only. 

1.3  This method describes the procedure to extract mercury from a dried blood spot 
with appropriate solvents, and the subsequent analysis by conventionally 
nebulized inductively coupled plasma mass spectrometry (ICP-MS). 

1.4  The method should be used by analysts experienced in the use of ICP-MS 
technology, and handling of clinical specimens, or by laboratory 
assistants/technicians under the close supervision of experienced analysts. 

2.0  SUMMARY OF METHOD 

2.1  The intended samples are filter paper blood (dried blood spot) specimens initially 
collected for newborn screening testing. 

2.2  Two 3-mm filter paper disks containing dried blood, punched from multiple 
blood spots on a filter paper card, are placed into a 96-well filter plate (or similar 
container) to which 0.15 ml of reagent water containing 0.05% 2-
mercaptoethanol, 0.001% L-cysteine, 0.005% EDTA, 0.01% Triton X-100, and 
10µg l-1 of Iridium (internal standard) is added, followed by addition of 0.15ml of 
2% hydrochloric acid. The covered filter plate is agitated for 30 minutes and 
stored overnight at room temperature. The filter plate is re-agitated for 20 
minutes and the contents are filtered into a 96-well plate and placed on the ICP-
MS auto sampler for analysis against a five- point aqueous standard calibration 
curve. 

2.3  All the procedures should be conducted in a clean room facility. 

3.0  DEFINITIONS 

3.1  Definitions that are common to all units of the Laboratory appear in Section 2.0 
of the Quality Assurance Manual. 
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4.0  INTERFERENCES 

4.1  Method interferences may be caused by contaminants in reagent water, solvents, 
reagents, glassware, and other sample processing apparatus that can lead to 
discrete artifacts, elevated baselines or that may otherwise bias analyte response. 
All reagents and apparatus must be routinely demonstrated to be free from 
interferences by analyzing an Aqueous Blank (AB) immediately before any 
samples are analyzed and periodically throughout the run as needed. 

4.2  For the determination of trace levels of mercury (Hg), contamination of the 
sample and loss of the analytes of interest are of prime consideration. Potential 
contamination sources include improperly cleaned laboratory apparatus and 
general contamination within the laboratory environment from dust or other 
particulate matter. A clean laboratory work area, such as clean room facility, 
designed for trace element sample handling must be used. Standards, samples 
and blanks should be exposed to the laboratory environment as little as possible. 
The use of preparation blanks and spikes should be used to verify the absence of 
contamination and loss. If blanks indicate contamination, and it is determined to 
not be a result of contaminated reagents, it may be necessary for the 
polypropylene sample tubes to be rinsed and stored in dilute acid prior to use. 

Note:  Chromic acid must not be used for cleaning glassware for trace metals analysis. 

4.3  Memory effects are a major concern when Hg is analyzed by conventionally 
nebulized ICP-MS. Memory interferences occur when elements in a previous 
sample contribute to signals measured in a subsequent sample. Hg can be either 
absorbed onto the spray chamber walls or retained as vapor in the dead volume of 
the spray chamber. The possibility of Hg memory interferences within an 
analytical run should be recognized and suitable rinse solvents and times should 
be used to reduce the effects. Routine maintenance (cleaning and/or replacement) 
of sample introduction components is necessary for long-term minimization of 
memory effects. Memory effects can be evaluated by using a minimum of three 
replicate integrations for data acquisition: A high relative standard deviation 
(%RSD) of the three replicates caused by successively decreasing signal intensity 
is indicative of carryover from the previous sample. If memory interference is 
suspected, the sample should be re-prepared and re-analyzed after analysis of a 
blank indicates that the carryover issue has been eliminated. 
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5.0  SAFETY 

5.1  The toxicity or carcinogenicity of reagents and chemicals used in this method has 
not been fully established. Each chemical should be regarded as a potential 
health hazard, and exposure to these compounds should be as low as reasonably 
achievable. 

5.2  Analysts who work in the lab are required to read the following MDH safety 
policies located in the MDH Policy and Procedure Manual: 

POLICY # TITLE 
902.02 Occupational Safety and Health 
420.01 Right-to-Know 

In addition, the analyst should read the MDH Public Health Laboratory Division -
Chemical Hygiene Plan. Questions regarding the Chemical Hygiene Plan should be 
referred to the Health and Safety Officer. 

5.3  Before operating the instrument, read the information in the PerkinElmer 
ELAN®ICP-MS System Safety Manual. Possible hazards include ultraviolet 
radiation, high voltages, radio-frequency radiation, and high temperature. 

5.4  Wear gloves, a lab coat, and safety glasses while handling all human blood. Place 
all disposable plastic, glass, and paper (pipette tips, auto sampler tubes, gloves, 
etc.) that contacts blood in a biohazard autoclave bag. Keep these bags in 
appropriate containers until they are sealed and autoclaved. Wipe down all work 
surfaces with 10% sodium hypochlorite solution when work is finished. Use the 
foot pedal on the Micromedic Digiflex™ to reduce analyst contact with work 
surfaces that have contacted blood and to free the analyst’s hands to hold the 
specimen cups and auto sampler tubes and to wipe off the tip of the Micromedic 
Digiflex™. 

5.5  Observe universal precautions. Dispose of all biological samples and diluted 
specimens in a biohazard autoclave bag at the end of the analysis according to 
CDC/DLS guidelines for disposal of hazardous waste. 

5.6  Be especially cautious when dealing with solutions/standards containing 
mercury/methylmercury. Perform sample and standard preparation in a well 
ventilated cabinet. Mercury spill cleanup kits/reagents (powder sulfur, etc) should 
be available at all times. 
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5.7  Exercise special care when handling and dispensing concentrated nitric acid. 
Always remember to add acid to water. Nitric acid is a caustic chemical that is 
capable of causing severe eye and skin damage. Wear metal-free gloves, a lab 
coat, and safety glasses. If nitric acid comes in contact with any part of the 
body, quickly wash the affected area with copious quantities of water for at 
least 15 minutes. 

5.8  The analyst may contact the MDH Employee Health and Safety Information 
Hotline regarding chemicals used in this procedure by calling the number posted 
in the laboratory. 

5.9  The following guidelines are designed to aid the analyst in the safe operation of 
the atomic spectroscopy instrumentation and ancillary equipment: 

5.9.1  Read and review all hazard and safety sections in the manufacturer’s 
reference/operating manuals. Particular attention should be given to areas 
that are highlighted, such as those labeled: “Warning”, “Important”, or 
“Note”. 

Warning: Usually indicates an operation that could cause personal injury if 
precautions are not followed. 

Important:  Usually indicates an operation that could cause instrument damage 
if precautions are not followed. 

Note:  Usually indicates additional significant information is provided 
with the procedures. 

5.9.2  Since high pressure gas cylinders are commonly used with atomic 
spectroscopy instrumentation, the analyst should be familiar with safe 
handling practices regarding the use of these cylinders. 

5.9.3  Analytical plasma sources emit radio frequency radiation and intense UV 
radiation. Suitable precautions should be taken to protect the analyst from 
such hazards. 

6.0  EQUIPMENT AND SUPPLIES 

6.1  Calibrated mechanical pipettes in the following ranges: 

10-100 µL  
100-1000 µL  
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1000-5000 µL 

6.2  Trace metal grade pipette tips. 

6.3  Talc-free gloves. 

6.4  Falcon 15-mL conical tubes (#2097) and 50-mL conical tubes (#2098) (Becton, 
Dickinson Labware, Franklin Lakes, NJ). The tubes should be lot screened for 
blank mercury content before use. 

6.5  Falcon Pro-BindTM 96 Well Assay Plates (#3910), U-bottom without lid, 
polystyrene, non-sterile. 

6.6  Millepore MultiScreenTM-BV 96 Well filter plates (cat. # MABVN1210), 1.2 µm 
Hydrophilic, low protein binding, Durapore® Membrane. 

6.7  BioExpress® X-Pierce™ pre-cut pierceable films for 96 well plates, non-sterile 
(XP-100). 

6.8  Wallac Delfia® Plateshake (#1296-002), 96 well plate agitator. 

6.9  Pall Corporation Multi-well plate vacuum manifold (#5017). 

6.10  Teflon™ or Nalgene Polypropylene (PP) 1-L and 2-L containers. 

6.11  Volumetric flasks, 100mL (glass). 

6.12  Argon gas supply (high purity grade gas or liquid, 99.99%). 

6.13  Kaydry™ paper towels and Kimwipe™ tissues (Kimberly-Clark Corp., Roswell, 
GA). 

6.14  ICP-MS system 

6.14.1 Inductively Coupled Plasma-Mass Spectrometer ELAN® ICPMS DRC II 
(PerkinElmer, Norwalk, CT) equipped with 

6.14.1.1  ESI SC-FAST autosampler with ESI SC series Autosampler 
probe (ES-5037-3250-080), 0.25 mm i.d. × 80 cm long, 
flanged for ST type nebulizers and green/orange peristaltic 
pump tubing (PerkinElmer N0777042) 

6.14.1.2  Quartz Cyclonic Spray Chamber (part number N0777035) 
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6.14.1.3  PFA/Quartz MicroFlow Nebulizer (part number N8122192) 

6.14.1.4  PFA/Quartz Torch Injector Assembly (part number 
N8122394). 

6.14.1.5  This is the preferred sample introduction system for this 
method, due to its lower “noise” level and superior limits of 
detection. Parameters of x-y alignment, mass calibration, auto 
lens voltages, and nebulizer gas flow rates are optimized 
regularly as described in the ELAN® ICPMS Inductively 
Coupled Plasma-Mass Spectrometer Software Guide. The 
instrument contains a radio-frequency generator which is 
compliant with FCC regulations. Solution delivery to the 
nebulizer is accomplished by using a variable-speed peristaltic 
pump. Constant flow of the nebulizer gas supply is 
maintained by a mass-flow controller. A preferred ICP-MS 
operating setting is outlined in Table 1. 

Table 1. Multi-element ICP-MS ELAN® ICPMS Settings 

Parameter Setting 

RF power 1.45 KW 

Ar nebulizer gas flow 0.90-1.15 LPM 

Detector mode Pulse 

Measurement units Cps 

Replicates 3 

Readings/replicate 1 

Auto lens On 

Blank subtraction After internal standard 

Curve type Simple Linear 

Sample units ng/L 

Sweeps/reading 20 

Dwell time Ir 40ms 
Hg 75ms 

Integration time Ir 800 ms 
Hg 1500 ms 

6.14.2 Instrument Consumables (see manufacturer’s literature).  
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7.0 REAGENTS AND STANDARDS  

7.1  Reagent Water: ASTM Type I (ASTM D 1193) or equivalent with a resistivity > 
18 M�-cm at 25º C and free of the analytes of interest. All the water used in this 
SOP is reagent water. 

7.2  Only “Analytical Reagent Grade” (AR) or American Chemical Society (ACS) 
grade chemicals should be used. All the reagents should be free of Hg. 

7.3  Reagents may contain impurities, which can affect the integrity of the analytical 
results. Due to the high sensitivity of ICP-MS, high-purity reagents must be used 
whenever possible. All acids must be ultra high purity grade. Nitric acid is 
preferred for ICP-MS in order to minimize polyatomic interferences. 

7.4  Nitric Acid (“AR Select ™ Plus,” Mallinckrodt-Baker, 500 mL in poly coated 
glass). 

7.5  Hydrochloric Acid: analytical grade or above 

7.6  Triton X-100™ (“Baker Analyzed,” J.T. Baker Chemical Co.). 

7.7  L-Cysteine (99%, Alfa Aesar, Catalog #: A10435). 

7.8  2-Mercaptoethanol (98%, Alfa Aesar, Catalog#: A15890). 

7.9  Methanol: analytical grade or above 

7.10  EDTA: analytical grade or above 

7.11  Tuning and Daily Performance Solution: 1 µg/L Mg , Co, Fe, In, Ce, Pb, U and 
Th and 10 µg/L Ba and Be in 1% HNO3. This solution is used to verify 
instrument tune and mass calibration prior to analysis. 

7.12  Internal Standard Stock Solutions: Ir: SPEX PLIR3-2Y, 1,000 mg/L (SPEX 
Industries, Inc., Edison, NJ), or equivalent. 

7.13  Standard Hg Stock Solution: Hg 10 µg/mL (in 10% HCl) (Inorganic Ventures, 
MSHG-10PPM), or equivalent. 

7.14  Standard Hg Stock Solution: Hg 1000 mg/L (as Hg2+ in 5% HNO3) (SpecPureR), 
or equivalent. 
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7.15  Standard Methylmercury Stock Solution: Methylmercury (as CH3HgCl in water), 
containing Hg 1000 mg/L (Alfa Aesar), two different lot numbers, or equivalent. 

7.16  NIST Standard Reference Material 966: Toxic Metals in Bovine Blood Level 2 
(National Institute of Standards and Technology, Ginsburg, MD), containing 31.4 
± 1.7 µg/L Hg. 

7.17  Base Blood: The base blood used in this method is a pool of blood purchased 
from a commercial blood bank and preserved with EDTA. Collect blood in lot 
screened or acid-rinsed sample collection cups. For long-term storage, store at ≤ 
20°C. 

7.18  Aqueous Blank: The aqueous blank (AB) contains all aqueous reagents in reagent 
water and is used to establish the analytical calibration curve and to assess 
possible contamination from the aqueous reagents prepared for this method. 

7.19  Method Blank: The laboratory method blank (MB) is blank filter paper punches 
from each sample and is used as a blank for the sample preparation process and to 
determine any background Hg in the filter paper. 

8.0  SAMPLE COLLECTION, PRESERVATION, SHIPMENT AND STORAGE 

8.1  Please refer to the separate MDH SOP, “Method of Punching Dried Blood Spots 
on Filter Paper for Mercury Biomonitoring in Newborns in the Lake Superior 
Basin and other Minnesota Locations,” for information on sample collection, 
preservation and storage. 

8.2  Once the sample punches are received at the Minnesota Laboratory they will be 
logged into the Laboratory LIMS system. Each specimen ID will receive a unique 
LIMS number and then be transferred to the Inorganic Chemistry Unit. An 
internal chain of custody procedure documenting the location of the sample 
punches will be maintained. The sample punches will be stored in a locked 
freezer located in the sample chain of custody room L250. 

9.0  PREPARATION OF REAGENTS, CALIBRATION STANDARDS, CONTROLS 

9.1  Reagent Preparation 

9.1.1  20 mg/L Ir: The intermediate internal standard stock solution is an 
aqueous solution containing 20 mg/L Ir in 2% (v/v) double-distilled nitric 
acid. To a 50-mL container that is partially filled with reagent water, add 
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1 mL of the internal standard stock solution (Section 7.12) and 1 mL 
double-distilled nitric acid (Section 7.4). Dilute to volume with reagent 
water. 

9.1.2  2% Hydrochloric Acid Solution: Prepare by partially filling a 1-L 
container with reagent water and adding 20 mL hydrochloric acid (Section 
7.5). Dilute to volume with reagent water. 

9.1.3  Diluent: The extracting solvent/diluent used in this method is an aqueous 
solution containing 10µg/L Ir, 0.05% (v/v) 2-mercaptoethanol, 0.005% 
(w/v) L-cysteine, 0.005% (w/v) EDTA, and 0.01% (v/v) Triton X-100. 
Add this solution when preparing samples during the dilution process, just 
prior to analysis. To prepare, acid-rinse a 2-L container (polypropylene 
(PP), polymethylpentene (PMP), or Teflon™) and partially fill it with 
reagent water. Add 1 mL of 20 mg/L Ir (Section 9.1.1), 1 mL 2-
mercaptoethanol (Section 7.8), 100 mg L-cysteine (Section 7.7), 100 mg 
EDTA (Section 7.10), and 100µL Triton X-100 (Section 7.6). Dilute to 
volume with reagent water. 

9.1.4  ICP-MS Rinse Solution: The rinse solution used in this method is 
especially designed to reduce or eliminate the significant memory effect 
associated with Hg analysis by nebulizer sample introduction. It is an 
aqueous solution containing 4% methanol (Section 7.9), 0.002% Triton 
X-100™ (Section 7.6) and 1% (v/v) hydrochloric acid (Section 7.5). 
Pump this solution into the sample introduction system between samples 
to prevent carry-over of mercury from one sample measurement to the 
next. To facilitate the day-to-day preparation of the rinse solution, first 
prepare a 2% Triton X-100™/1% (v/v) nitric acid solution by adding 40 
mL of Triton X-100™ (Section 7.6) and 20 mL of nitric acid (Section 7.4) 
to a 2-L, acid-washed bottle (PP, PMP, or Teflon™ ) that is partially 

filled with reagent water, fill to 2 L, and stir or shake well until the Triton 
X-100™ has completely dissolved in the solution. Prepare the final rinse 
solution by acid-rinsing a 2-L container (PP, PMP, or Teflon™) and 
partially filling it with reagent water. Add 20 mL of hydrochloric acid 
(Section 7.5), 80 ml methanol (Section 7.9), and 2.0 mL of the 2% Triton 
X-100™ / 1% (v/v) nitric-acid solution. Dilute to 1 L using reagent 
water. Store at room temperature and prepare as needed. The rinse 
solution is useable for 6 months after preparation. 
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9.2  Standards Preparation 

9.2.1  Calibration standards must always be traceable to the National Institute 
for Standards and Technology (NIST). Anytime new calibration 
standards are used, verify that the calibration information in the ELAN® 
software (method window, calibration page) reflects the actual calibrator 
concentrations. 

9.2.2  Aqueous Mercury Intermediate Working Calibration Standard Stock: The 
intermediate working standard stock solution is an aqueous solution 
prepared from stock solutions of mercury (Sections 7.13 and 7.15) and is 
used as the stock solution for the serial dilutions for preparing the 
intermediate working calibration standards. The solution matrix is 2% 
nitric acid and 1% hydrochloric acid in reagent water. To prepare: acid-
rinse one 100-mL volumetric flask and partially fill with reagent water. 
To the flask add 2 mL of concentrated nitric acid (Section 7.4) and 1 mL 
of concentrated hydrochloric acid (Section 7.5). Add 2.5 mL of the 
inorganic mercury stock standard (Section 7.13) and 25 µL of the 
methylmercury stock standard solution (Section 7.15) and bring to volume 
with reagent water. Transfer to an acid-cleaned, labeled, TeflonTM 

container for storage. Store the solution at room temperature. The 
concentration of total mercury in solution is 500 µg/L. 

9.2.3  Aqueous Mercury Intermediate Working Calibration Check Standard 
Stock: The intermediate working calibration check standard stock solution 
is an aqueous solution prepared from stock standard solutions of mercury 
(Sections 7.14 and 7.15) and is used as the stock solution for the dilution 
to prepare the intermediate working calibration check standard. The 
solution matrix is 2% nitric acid and 1% hydrochloric acid in reagent 
water. To prepare: acid-rinse one 100-mL volumetric flask and partially 
fill with reagent water. To the flask add 2 mL of concentrated nitric acid 
(Section 7.4) and 1 mL of concentrated hydrochloric acid (Section 7.5). 
Add 25 µL of each mercury stock standard solution (Sections 7.14 and 
7.15) and bring to volume with reagent water. Be sure to use a different 
lot number of the methylmercury standard (Section 7.15) than was used 
for the aqueous mercury intermediate working calibration standard stock 
(Section 9.2.2). Transfer to an acid-cleaned, labeled, Teflon™ container 
for storage. Store the solution at room temperature. The concentration of 
total mercury in solution is 500 µL. 
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9.2.4  Aqueous Mercury Intermediate Working Calibration Standards: The 
intermediate working standard solutions used in this method are aqueous 
solutions prepared from serial dilutions of the aqueous mercury 
intermediate working calibration standard stock (Section 9.2.2). The 
solution matrix is 2% nitric acid and 1% HCl in reagent water. To 
prepare: acid-rinse one 100-mL glass volumetric flask for each working 
standard solution and partially fill with reagent water. To each 100-mL 
flask add 2 mL of concentrated nitric acid (Section 7.4) and 1 mL of 
concentrated hydrochloric acid (Section 7.5). Add the appropriate aliquot 
of the aqueous mercury intermediate working calibration standard stock 
(Table 2) and bring to volume with reagent water. Transfer to acid-
cleaned, labeled, Teflon ™ containers for storage. Store the solutions at 
room temperature. Use these solutions each day of analysis to prepare the 
final working aqueous calibration standards (Section 11.2.3) that will be 
placed in the appropriate wells of the 96-well plate to be analyzed by the 
ELAN® ICPMS. See Table 2 for standard preparation instructions. 

Table 2. Aqueous Mercury Intermediate Working Calibration Standards 
preparation 

Volume of Aqueous Mercury 
intermediate stock 

Final Conc. 
(µg/L total Hg) 

Inter. STD5 20 mL 100 

Inter. STD4 10 mL 50 

Inter. STD3 2 mL 10 

Inter. STD2 1.5 mL 7.5 

Inter. STD1 1 mL 5 

9.2.5  Aqeous Mercury Intermediate Working Calibration Check Standard: The 
intermediate working calibration check standard solution used in this 
method is an aqueous solution prepared from a dilution of the aqueous 
mercury intermediate working calibration check standard stock (Section 
9.2.3). The solution matrix is 2% nitric acid and 1% hydrochloric acid in 
reagent water. To prepare: acid-rinse one 100-mL glass volumetric flask 
and partially fill with reagent water. To the flask add 2 mL of 
concentrated nitric acid (Section 7.4) and 1 mL of concentrated 
hydrochloric acid (Section 7.5). Add 2 mL of the aqueous mercury 
intermediate working calibration check standard stock and bring to 
volume with reagent water. Transfer to an acid-cleaned, labeled, Teflon™ 
container for storage at room temperature. Use this solution each day of 
analysis to prepare the final working aqueous calibration check standard 
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(Section 11.2.3) that will be placed in the appropriate well of the 96-well 
plate to be analyzed by the ELAN® ICPMS. 

9.2.6  Working Aqueous Calibration Standards: The working aqueous 
calibration standard solutions used in this method are a series of dilutions 
from the Aqueous Mercury Intermediate Working Calibration Standards 
(see Section 9.2.4). These are prepared at the time of analysis (see 
Section 11.2.3) by adding aliquots of the aqueous mercury intermediate 
working calibration standards (Sec. 9.2.4) to diluent. 

9.2.7  Working Aqueous Calibration Check Standard; the working aqueous 
calibration check standard used in this method is a dilution from the 
Aqueous Mercury Intermediate Working Calibration Check Standard 
(Section 9.2.5). It is prepared at the time of analysis (see Section 11.2.3) 
by adding aliquots of the aqueous mercury intermediate working 
calibration check standard (Section 9.2.5) to diluent (Section 9.1.3). 

9.2.8  Aqueous-Based Calibration Verification Standards (CVS) 

9.2.8.1  Calibration verification materials can be either purchased 
from an external laboratory or prepared within the MDH 
laboratories. Calibration verification must always be 
traceable to the National Institute for Standards and 
Technology (NIST). The MDH laboratory currently prepares 
its own calibration verification standards. 

9.2.8.2  Aqueous Intermediate Working Low, Medium, and High CV 
Standards (aqueous based): The aqueous intermediate 
working CV solutions used in this method are three aqueous 
solutions of mercury in 2% (v/v) nitric acid and 1% (v/v) 
hydrochloric acid, with concentrations different from the 
calibration standards. Use these solutions on each day of 
analysis to prepare the final working CVS that will be placed 
in the auto sampler of the ELAN® ICPMS. Prepare the CVS 
by acid-rinsing three 100-mL volumetric flasks and partially 
fill them with reagent water, add 2 mL of concentrated nitric 
acid (Section 7.4) and 1 mL of concentrated hydrochloric acid 
(Section 7.5). Add the appropriate aliquot of the aqueous 
mercury intermediate working calibration standard stock 
(Section 9.2.2) (Table 3) and bring to volume with reagent 
water. Transfer to 100-mL, acid-cleaned PP containers for 
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storage. The final concentration of total Hg in each solution 
is listed in Table 3. 

Table 3: Concentration of Aqueous Intermediate CV Standards 

Volume of Aqueous 
Mercury intermediate 

stock 

Concentration 

(µg/L total Hg) 

Inter. high CVS 15.00 75 

Inter. medium CVS 4.00 20 

Inter. low CVS 1.20 6 

9.2.8.3  Working CV Low, Medium, and High Standards (aqueous 
based): The working aqueous mercury CVS used in this 
method are appropriate dilutions of the aqueous intermediate 
working low, medium, and high CVS (Section 9.2.8.2). The 
aqueous intermediate CVS are diluted with diluent at the time 
of analysis (see section 11.2.3). 

9.2.9 Blood-Based Quality Control Sample (QCS) 

9.2.9.1  The SRM 966 Level 2 from the National Institute for 
Standards and Technology (Section 7.16) is bovine blood 
with a certified value of total mercury and is used as the QCS 
for this method. 

9.2.9.2  Blood-Based QC Sample Preparation: The Blood-Based QCS 
(SRM 966 Level 2, Section 7.16) are diluted to a final 
concentration of 0.659 µg/L with diluent (Section 9.1.3) and 
2% hydrochloric acid (Section 9.1.2) at the time of analysis 
(see Section 11.2.4). This dilution is used to be consistent 
with dried bloodspot samples. 

9.2.10 Laboratory Control Sample (LCS) 

9.2.10.1  The Laboratory Control Sample (LCS) will use the SRM 966 
Level 2 from the National Institute for Standards and 
Technology (Section 7.16) as a certified mercury source of 
known concentration to assess recovery through the extraction 
process. 
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9.2.10.2  LCS Preparation: Personnel in the Environmental Laboratory 
at the Minnesota Department of Health apply spots of SRM 
966 Level 2 (Section 7.16) to blank filter paper cards. The 
blood spots are allowed to air-dry for several hours after 
which 3 mm blood spots are punched from the cards 
according to the separate SOP, “Method of Punching Dried 
Blood Spots on Filter Paper for Mercury Biomonitoring in 
Newborns in the Lake Superior Basin and Other Minnesota 
Locations,”. 

9.2.10.3  An LCS is carried through the extraction and sample 
preparation procedure as outlined in Section 11.2.6. 

9.2.11 Aqueous Blank Sample 

9.2.11.1  The Aqueous Blank (AB) sample will be used as a calibration 
blank to establish the zero point for the analytical calibration 
curve. It also serves as the blank for the aqueous-based CV 
standards and to account for any mercury contamination of 
the labware or reagents used. It is subtracted from all patient 
samples. 

9.2.11.2  The AB sample is prepared at the time of analysis as 
described in Section 11.2.2. It consists of reagent water 
(Section 7.1), 2% hydrochloric acid (Section 9.1.2), and 
diluent (Section 9.1.3). 

9.2.12 Method Blank 

9.2.12.1  The Method Blank (MB) is used as a blank for the sample 
preparation process and to determine any background Hg in 
the filter paper. 

9.2.12.2  MB samples will be prepared along side blood samples by 
punching blank spots from the filter paper cards according to 
the separate SOP, “Method of Punching Dried Blood Spots on 
Filter Paper for Mercury Biomonitoring in Newborns in the 
Lake Superior Basin and Other Minnesota Locations.” These 
blank samples will be carried through the extraction and 
sample preparation procedure as outlined in Section 11.2.5. 
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10.0 CALIBRATION AND CALIBRATION VERIFICATION PROCEDURE  

10.1 Calibration Curve 

10.1.1 Generate a simple linear calibration curve for total mercury using external 
standards prepared in aqueous diluent with concentrations as defined in 
Section 11.2.3. 

10.1.2 The calibration used for this analysis must be simple linear and not forced 
through zero. The calibration standard curve is accepted if the correlation 
coefficient of 0.999 is achieved. 

10.1.3 The ratio of analyte and internal standard intensities is used to determine 
the net intensity for the analyte. The internal standard allows for the 
correction of changes in instrument hardware response or for sample-to-
sample variations in sensitivity. 

10.1.4 Aqueous blank subtraction is performed after the analyte / internal 
standard ratio is calculated. 

10.2 Calibration Verification 

10.2.1 In order to verify that the calibration of the test system is accurate 
throughout the reportable range, high, medium, and low calibration 
verification (CV) standards in aqueous diluent (Section 11.2.3) will be 
analyzed immediately following the calibration standards, after every 20 
samples, and at the end of the analytical run. 

10.2.2 In addition, a calibration check standard, which is made using a different 
stock solution from the calibration curve, will be analyzed immediately 
following the calibration standards. 

11.0 OPERATING PROCEDURE 

11.1 Preliminaries 

11.1.1 For information regarding the reportable range of results and how to 
handle results outside this range, refer to “Reportable Range of Results” 
(See Section 11.5.). 

11.1.2 Allow frozen and refrigerated blood spot specimens and QC spot 
specimens to reach ambient temperature. 
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11.2 Sample Preparation 

11.2.1 Set up a series of 15-mL polypropylene tubes corresponding to the 
number of blanks, calibration standards, calibration check standard, CVS, 
and QCS. 

11.2.2 Prepare an aqueous blank (AB) consisting of 40 µL of water, 1960 µL of 

2% hydrochloric acid (Section 9.1.2) and 2000 µL of diluent (Section 
9.1.3). This will be used as the blank for the calibration curve and as the 
blank for reagents and labware. It will also be analyzed after standard 5 
and after every 20 samples as an aqueous blank. Volumes may be 
increased proportionally for larger sample batches. 

11.2.3 Prepare the working calibration standards, calibration check standard, and 

aqueous-based CV standards consisting of 20 µL of the appropriate 
aqueous intermediate working calibration standard (Section 9.2.4), 
aqueous intermediate working calibration check standard (Section 9.2.5), 

or aqueous intermediate CV standard (Section 9.2.8.2), 980 µL of 2% HCl 

(Section 9.1.2) and 1000 µL of diluent (Section 9.1.3). Volumes may be 
increased proportionally for larger sample batches. The final 
concentration of working calibration standards and CVS are listed in table 
4:  

Table 4: Concentrations of working calibration standards  

Standards 
Concentration (µg/L total 

Hg) 

Working STD1 0.05 

Working STD2 0.075 

Working STD3 0.1 

Working STD4 0.5 

Working STD5 1 

Check Standard 0.1 

High CVS 0.75 

Medium CVS 0.2 

Low CVS 0.06 

11.2.4 Prepare the Blood-based QCS using 21 µL SRM 966 level 2 (Section 
7.16), 500 µL diluent (Section 9.1.3), and 479 µL 2% HCl (Section 9.1.2). 
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Volumes may be increased proportionally for larger sample batches. Final 
total mercury concentration in the QCS is listed in Table 5: 

Table 5: Concentrations of QCS. 

QCS 
Concentration (µg/L total 

Hg) 

SRM 966 Level 2 0.659 

11.2.5 Prepare the method blank (MB) sample for each patient sample as 150 µL 
of diluent (Section 9.1.3), two 3mm blank filter paper spots, and 150 µL 
of 2 % HCl (Section 9.1.2) in a well in the 96-well filter plate. 

11.2.6 Prepare the laboratory control sample (LCS) using 150 µL of diluent 
(Section 9.1.3), two 3mm blood spots containing SRM 966 Level 2 as the 
blood source (9.2.10.2), and 150 µL of 2 % HCl (Section 9.1.2). 

11.2.7 Prepare the patient blood sample dilutions as 150 µL of diluent (Section 

9.1.3), two 3mm blood spots, and 150µL of 2% HCl (Section 9.1.2). 

11.2.8 Add 300 µL of each calibration curve standard, blank, calibration check 
standard, QCS, and CVS to designated wells in the 96-well filter plate 
along with two 3mm blank filter paper spots. Cover filter plate with lid 
and agitate on plate agitator for approximately 30 minutes on slow. Allow 
plate to sit at room temperature overnight setting the filter plate over a lid 
containing a thin layer of reagent water and being careful not to allow the 
filter tips to touch the water’s surface. The humid environment created by 
the reagent water acts to eliminate clogs in the filter tips of the filter plate 
that may form and dry overnight due to capillary action in the filter 
apparatus.. 

11.2.9 The next day agitate the plate for an addition 20 minutes and then filter 
into a U-bottom 96-well plate using the Multi-well plate vacuum 
manifold. Cover the 96-well plate with a piece of BioExpress® X-
Pierce™ pre-cut pierceable film. Place the 96-well plate in the 
autosampler of the ELAN® ICPMS. 

11.3 Instrument and Software Setup for the ICP-MS 

11.3.1 Turn on the computer, printer, peristaltic pump, and auto sampler, and log 
into the operating system. 
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11.3.2 Set up the peristaltic pump tubing for the sample rinse station, positioning 
the tubing and closing the pump clamps. 

11.3.3 Start the ELAN® ICPMS and ESI autosampler software from Windows™. 

11.3.4 Perform necessary daily maintenance checks as described in the ELAN® 

ICPMS Hardware Guide (i.e., Argon supply pressure and tank level, 
cleanliness and positioning of interface components, interface pump oil 
condition, etc.). Note the base vacuum pressure in the INSTRUMENT 
window of the software (before igniting the plasma, the vacuum is 

-7 -6 typically between 8 x 10 and 1.8 x 10 torr). Record any maintenance 
procedures, along with the base vacuum pressure, in the Daily 
Maintenance Checklist Logbook. 

11.3.5 In the INSTRUMENT window of the software, press the “Start” button to 
ignite the ELAN® ICPMS plasma. 

11.3.6 Start the peristaltic pump by pressing the appropriate arrow in the 
DEVICES window (make sure that the rotational direction is correct for 
the way the tubing is set up in the peristaltic pump). Set the pump speed 
to 12 rpm in the DEVICES window. 

11.3.7 Allow at least 45 minutes warm-up time for the ICP-MS.  After this 
warm-up time, complete the appropriate daily optimization procedures as 
described in the ELAN® ICPMS Inductively Coupled Plasma-Mass 
Spectrometer Software Guide, including mass calibration and resolution, 
lens voltage, autolens, nebulizer gas optimization, and daily performance. 
You may wish to include Be (m/z 9) in the daily performance check, 

although performance specifications for this element are not available 
from the manufacturer. If the performance is satisfactory (see Table 6), 
proceed to the analysis of samples. If not, use the Smart Tune Wizard to 
re-optimize the instrument, followed by an additional daily performance 
check. Fill in the Daily Maintenance Checklist Logbook according to the 
optimization procedures performed. Save new tuning (mass calibration) 
parameters to the file “default.tun.” Save new optimization parameters 
(i.e., detector voltages, auto lens values, nebulizer gas flow rate) to the file 
“default be 12.dac.” Monthly or any time large changes are made in 
optimization parameters, save a separate copy of these optimization files 
under a different name (i.e. – default_070703.dac). Suggested tune 
Specifications are listed in table 6: 
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Table 6: Daily performance criteria  

Sensitivity Mg >7000 cps/1ppb 
In >30000cps/1ppb 
U >30000cps/1ppb 

Precision (relative standard deviation of < 5% 
replicates) 
Oxides (CeO / Ce) ≤ 4.0 
Background (at 220amu) <2.0 cps 
Mass calibration/accuracy ±0.05amu 
Mass Resolution 0.65-0.75 amu at 10% peak 

height 

11.3.8 To set up the run in the software, click on “Open Workspace” from the 
“File” menu. Select the workspace file “Hg in bloodspots.wrk”. Select 
“Review Files” from the “File” menu. From this window, you will be 
able to set up the correct files and data directories for your analysis. 

Method: hg in filter paper_96 well_low curve.mth. 

Dataset: The data set should be in C:\elandata\Dataset\Hg in 
Bloodspots\ and backed up in ‘PHL Shared Drive’ 
S:\Metals\DRC II data 

Sample: If an analysis has been performed that is similar to the one 
being set up, select the sample file corresponding to it and 
edit it for the present analysis. 

Report Template:  Select “Hg Bloodspots.” (Note: The setting in the method 
file used during analysis will supersede your selection 
here.) 

Tuning:  “default be 12.tun” (Note: The setting in the method file 
used during analysis will supersede your selection here.) 

Optimization:  “default.dac” (Note: The setting in the method file used 
during analysis will supersede your selection here.) 

Calibration: No file needed. 

Polyatomic: elan.ply 
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11.3.9 In the ESI software, check that the FAST Control Enabled box is 
unchecked. The Rinse settings can be found in Table 7 below. The “Max 
Rinse Time” Enabled box should be checked with the time listed as 300 
sec. 

Table 7. ESI Autosampler Rinse Settings. 

Rinse Time 
(sec) 

Additional Flush Time 
(sec) 

Rinse 1 130 0 

Rinse 2 0 0 

11.3.10In the SAMPLES/BATCH window, update the window to reflect the 
current sample set (i.e., auto sampler locations, sample identification (id), 
analysis methods, peristaltic pump speeds, etc.). A typical 
SAMPLE/BATCH window for this method will look like the following: 

Table 8: A sample of SAMPLE/BATCH window setup 

A/S* Sample ID Measurement Action Method 
Location 

301 BlankChk Run blank, standards and hg in filter paper_96 well_low 
sample curve.mth 

307 Blank Run sample hg in filter paper_96 well_low 
curve.mth 

308 Check Std Run sample hg in filter paper_96 well_low 
curve.mth 

309 Blank Run sample hg in filter paper_96 well_low 
curve.mth 

310 Low CVS Run sample hg in filter paper_96 well_low 
curve.mth 

311 Med. CVS Run sample hg in filter paper_96 well_low 
curve.mth 

312 High CVS Run sample hg in filter paper_96 well_low 
curve.mth 

313 Blank Run sample hg in filter paper_96 well_low 
curve.mth 

314 Blank Run sample hg in filter paper_96 well_low 
curve.mth 

315 RLV Run sample hg in filter paper_96 well_low 
curve.mth 

316 QCS Run sample hg in filter paper_96 well_low 
curve.mth 

317 LCS Run sample hg in filter paper_96 well_low 
curve.mth 
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318 LCS Blank Run sample hg in filter paper_96 well_low 
curve.mth 

319 LCS Blank Run sample hg in filter paper_96 well_low 
curve.mth 

320 PT 0948 Run sample hg in filter paper_96 well_low 
curve.mth 

321 PT 0948 Run sample hg in filter paper_96 well_low 
Blank curve.mth 

322 PT 0948 Dup Run sample hg in filter paper_96 well_low 
curve.mth 

323 PT 0948 Dup Run sample hg in filter paper_96 well_low 
Blank curve.mth 

324-343 Samples and Run sample hg in filter paper_96 well_low 
Blanks curve.mth 

344 CVS Low Run sample hg in filter paper_96 well_low 
curve.mth 

345 CVS Med Run sample hg in filter paper_96 well_low 
curve.mth 

346 CVS High Run sample hg in filter paper_96 well_low 
curve.mth 

347 Blank Run sample hg in filter paper_96 well_low 
curve.mth 

348 Blank Run sample hg in filter paper_96 well_low 
curve.mth 

349 QCS Run sample hg in filter paper_96 well_low 
curve.mth 

350 LCS Run sample hg in filter paper_96 well_low 
curve.mth 

351 LCS Blank Run sample hg in filter paper_96 well_low 
curve.mth 

352 LCS Blank Run sample hg in filter paper_96 well_low 
curve.mth 

353-372 Samples and Run sample hg in filter paper_96 well_low 
Blanks curve.mth 

373 Field Dup Run sample hg in filter paper_96 well_low 
Sample curve.mth 

374 Field Dup Run sample hg in filter paper_96 well_low 
Blank curve.mth 

375 QCS Run sample hg in filter paper_96 well_low 
curve.mth 

376 LCS Run sample hg in filter paper_96 well_low 
curve.mth 

377 LCS Blank Run sample hg in filter paper_96 well_low 
curve.mth 

378 LCS Blank Run sample hg in filter paper_96 well_low 
curve.mth 

379 PT 0949 Run sample hg in filter paper_96 well_low 
curve.mth 
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380 PT 0949 Run sample hg in filter paper_96 well_low 
Blank curve.mth 

381 PT 0949 Dup Run sample hg in filter paper_96 well_low 
curve.mth 

382 PT 0949 Dup Run sample hg in filter paper_96 well_low 
Blank curve.mth 

383 CVS Low Run sample hg in filter paper_96 well_low 
curve.mth 

384 CVS Med Run sample hg in filter paper_96 well_low 
curve.mth 

385 CVS High Run sample hg in filter paper_96 well_low 
curve.mth 

386 Blank Run sample hg in filter paper_96 well_low 
curve.mth 

387 Blank Run sample hg in filter paper_96 well_low 
curve.mth 

* The auto sampler positions of CVS, QCS, and blood samples do not have to be 
those shown above, but the order in which these are run should be as shown 
above. 

Use the following settings for uptake and rinse times for all samples. (These  
values are already stored in the method files for the blanks and standards.)  

Table 9. Settings for Uptake and Rinse Times 

Pump Speed Duration 

Sample flush -12 rpm 65 seconds 

Read delay and analysis -12 rpm 20 seconds 

Wash -12 rpm 130 seconds 

The ELAN® software can be used to automatically correct for sample dilutions. If 
this function is desired, specify the dilution factor in the SAMPLE/BATCH 
window. 

11.3.11Once you have edited the parameters in the SAMPLE/BATCH window 
for your run, place solutions in the auto sampler tray according to the 
setup of the SAMPLE/BATCH window and method files. Highlight (click 
and drag with the mouse) the table rows of the samples that should be 
included in the run, and then click on “Analyze Batch.” The Scheduler 
may also be used to start a run. Click on SCHEDULER and check the 
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boxes for Analyze Samples, Wash, and AutoStop. Specify the Sample and 
Dataset files and click “Start” to start the run. The instrument will shut 
down automatically when the run is complete. 

11.4  Calculations 

11.4.1 The ELAN® has two onboard microcomputers that work with the external 
system computer. The computers interface with the other electronic 
components within the system to convert the detector signals to digital-
ion-intensity values. An internal standard (Ir) is used in the analysis, 
which allows for the correction of changes in instrument response and 
sample matrix. The software uses the ratio of analyte and internal standard 
intensities to determine the net intensity for the analyte. As standard 
solutions are analyzed, the software plots the net intensity versus the 
concentration for mercury in the standard solution. The calibration curve 
is updated as each subsequent standard is analyzed. The resulting 
calibration curve is used as a reference to determine the concentration of 
mercury in each sample based on the aqueous blank corrected ratio of the 
intensities of mercury and the internal standard observed in the samples. 

11.4.2 The method detection limit (MDL) for total mercury in dried bloodspots 
is determined by multiplying the standard deviation of 10 analyses of 
spiked base blood at a level equivalent to the low calibration standard 
(2.42 µg/L Hg) that has been applied to filter paper cards with the 
Student’s t value. The MDL was determined to be 0.791 µg/L total Hg in 
blood. The report level is set to 2.42 µg/L total Hg in blood. Results for 
samples in which mercury is not detected above the MDL are reported as 
”< 2.42 ug/L.” Results for samples in which mercury is detected between 
the MDL and Report Level will be reported as positive values, however 
with a “J” flag qualifier signifying that the result is an estimated value. 

11.4.3 Concentration of total mercury in blood spots:  By taking into account the 
final volume of solution, any subsequent dilutions, and the volume of 
blood on each punch, the concentration of total mercury for each sample 
may be calculated from the mercury concentration determined by the 
calibration curve less the aqueous blank (AB) using the following 
equation: 

FC =  Cs × D × Vf  

VB  
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Where: 
FC  = final concentration of total mercury 
Cs  = concentration of total mercury determined from calibration curve less 

the AB 
D  = dilution factor, (will almost always equal 1) 
Vf  = final volume, equal to 300 µL 
VB = initial volume of blood, equal to 6.2 µL, as each blood spot contains 3.1 

µL blood 

11.4.4 Recovery:  Percent recovery for the LCS may be calculated in units 
appropriate to the matrix, using the following equation: 

R =  Cs - C × 100  
S  

where: 
R  = percent recovery 
Cs  = fortified sample concentration 
C  = sample background concentration 
S  = concentration equivalent of fortifier added to sample 

11.4.5 Accuracy:  The accuracy of the LCS as percent recovery is calculated 
using the following formula: 

Accuracy (%) = (Χ(Found)/TV) × 100 

11.4.5.1  If the LCS recovery of mercury falls outside the control limits 
of 80-120%, that analyte is judged out of control, and the 
source of the problem should be identified and resolved 
before preparing further samples for analysis. 

11.4.5.2  When sufficient internal performance data become available, 
develop control limits from the percent mean recovery (X) 
and the standard deviation (S) of the mean recovery. These 
data are used to establish upper and lower control limits as 
follows: 

UPPER CONTROL LIMIT = X + 3S 

LOWER CONTROL LIMIT = X - 3S 
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11.4.5.3  After each five to ten new recovery measurements, new 
control limits should be calculated using only the most recent 
20 to 30 data points. These limits must not be greater than the 
80-120 %. 

11.4.6 Precision:  Analyze a LCS/LCSD with each set of samples processed as a 
group. The absolute difference between duplicates and relative percent 
difference (RPD) of the duplicates are calculated and used to monitor the 
precision of the method. The RPD should not exceed 20 %. If the 
difference or RPD for a set of duplicates falls outside of the applicable 
control limits, the reason for the out of control condition is investigated 
and the duplicate analyses are re-prepared and reanalyzed. The RPD may 
be calculated using the following equation: 

RPD = |(C - CDup)| x 100  
((C + CDup)/2)  

where:  
RPD = Relative Percent Difference  
C = sample concentration  
CDup = sample duplicate concentration  

11.5  Reportable Range of Results 

11.5.1 Total blood mercury values are reportable in the range between the RL 
and the highest calibration standard (2.42 – 48.4 µg/L Hg in blood). If an 
analyte concentration is observed that is lower than the RL but higher than 
the MDL (0.791 µg/L Hg in blood), then the result is reported with a “J” 
flag to indicate that the value is estimated. If an analyte concentration is 
observed that is higher than the highest standard concentration, but below 
the known range of linearity of 242 µg/L, then the result will be reported 
as “estimated.” 

11.6  Quality Control (QC) Procedures 

11.6.1 The method described in this protocol is intended to be used for 
environmental and occupational health screening studies. 

11.6.2 This analytical method uses three levels of QC sample determinations: 
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11.6.2.1  The calibration verification standards (CVS) used in this 
method comprise three levels of concentration spanning the 
“low-normal”, normal, and “high-normal” ranges of total 
mercury. The three CVS are analyzed after the calibration 
standards and before any patient-derived blood samples are 
analyzed. The three CVS are analyzed after every 20 samples 
and again at the end of the run. 

11.6.2.2  The NIST SRM 966 Level 2 bovine blood serves as the QCS. 
The certified bovine blood is analyzed after CVS and before 
any patient-derived blood samples, after every 20 samples and 
again at the end of the run. 

11.6.2.3  The LCS/LCSD uses SRM 966 Level 2 as the blood source on 
the filter paper cards as a measure of the complete laboratory 
procedure. It is analyzed at the beginning of a run, after every 
20 samples and again at the end of the run. 

11.7 Calibration Verification and Sample Results Evaluation 

11.7.1 After completing a run, the run will be judged to be in or out of control. 
The CV limits are based on the average and standard deviation of the 
beginning and ending analyses of each of the CV pools, so it will not be 
possible to know if the run is officially accepted or rejected until it is 
completed. The CV rules applied to the data are as follows: 

11.7.1.1  If all CV run means are within 2S limits then accept the run. 

11.7.1.2  If one of two of the CV run means is outside a 2S limits, then 
apply the rules below and reject the run if any condition is 
met. 

i.  1 3S – Average of both CV low or average of both medium or average 
of both high CV are outside of a 3S limit 

ii.  22S - Average of both CV low and average of both medium and 
average of both high CV are outside of 2s limits on the same side of 
the mean. 

iii. R4S – sequential – Average of both CV low and average of both 
medium and average of both high CV are outside of 2S limit on 
opposite sides of the mean. 
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iv. 10 X-sequential – Current and previous 9 run means are on same side 
of the characterization mean for either the low, medium, or high. 

11.7.2 Sample Results Precision Evaluation: If relative standard deviation of the 
three replicate readings for a single sample analysis is greater than 10%, 
then repeat the analysis of that sample. 

11.8  Remedial Action If Calibration, CVS, QCS, or LCS/LCSD Fail to Meet 
Acceptable Criteria 

11.8.1 Since calibration standards and other quality control samples are prepared 
and processed in exactly the same manner, and at the same time, as the 
samples, it is not practical for the analyst to stop an analytical run to take 
corrective action during the run. 

11.8.2 If quality control measures do not meet the established acceptance criteria, 
the parts of the run between the failing quality control measures, including 
standards, quality control checks, and samples, must either be re-prepared 
and re-analyzed or the data must be qualified. 

11.8.3 If a sample does not meet the established acceptance criteria, i.e. the RPD 
is too high or the sample failed to inject properly, that sample must be re-
prepared and re-analyzed with a subsequent batch. 

11.9  External verification of laboratory performance. 

11.9.1 Performance evaluation (PE) samples from a third party are analyzed, if 
available. If the results are not within the control limits, corrective action 
is taken and an “Unacceptable Data for Performance Evaluation Samples” 
form is filled out by the analyst describing the probable error and any 
corrective action taken. The “Unacceptable Data” form is given to the 
Inorganic Chemistry Unit Supervisor, Environmental Laboratory Manager 
and Laboratory Quality Assurance (QA) Officer. 

12.0  POLLUTION PREVENTION 

12.1  For information regarding the laboratory’s pollution prevention policy and 
procedures see Public Health Laboratory Hazardous Waste Manual, March 17, 
2006. 
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12.2  The quantity of chemicals purchased should be based on expected usage during 
their shelf lives, space available for storage, and disposal cost of unused material. 
Actual reagent preparation volumes should reflect anticipated usage and reagent 

stability. 

12.3  For information about pollution prevention that may be applicable to laboratory 
operations, consult “Less is Better: Laboratory Chemical Management to Waste 
Reduction” available from the American Chemical Society’s Department of 
Government Relations and Science Policy, 1155 16th Street N.W., Washington, 
D.C. 20036. 

13.0  WASTE MANAGEMENT 

13.1  The Public Health Laboratory, in carrying out its mission, will do so in such a 
manner as to minimize pollution of the environment and manage its hazardous 
wastes in a safe and environmentally sound manner. 

13.2  The Public Health Laboratory Division shall: 

•Conserve natural resources through reclamation, recycling and purchasing. 

•Ensure that the Division meets all Federal, State, and Local regulations pertaining to 
hazardous waste disposal. 

•Prevent pollution at the source whenever possible. 

•Consider environmental impact when purchasing materials, handling chemicals and 
disposing of waste. 

•Promote awareness and provide training opportunities for pollution prevention and 
hazardous waste management within the Division. 

•Define the responsibilities of managers, supervisors and staff so that Division activities 
will be conducted appropriately and effectively with regard to waste management. 

•Develop policies and procedures as needed to further these objectives. 

13.3  Follow the procedures below to avoid exposure to the contents of the drain 
vessel: 

13.3.1 Use the capped plastic drain vessel provided with the instrument.  Never 
use glass. 
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13.3.2 Place the drain vessel on the instrument table below the peristaltic pump, 
where it is easy to check the liquid level. 

13.3.3 Check the drain vessel frequently. Empty it before you ignite the plasma. 

13.3.4 Be aware of the nature of the vessel contents.  If the contents are toxic, 
dispose of them as hazardous waste. Also, always empty the vessel when 
switching from aqueous to organic sample solutions. 

13.4  Samples containing hazardous levels of analytes should be flagged and disposed 
of properly. 

13.5  For additional information regarding the laboratory's waste management policy, 
see Public Health Laboratory Hazardous Waste Manual, March 17, 2006. 
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15.0  DIAGRAMS, FLOWCHARTS, VALIDATION DATA 

15.1  The initial Demonstration of Capability data is on file; the most current MDL, 
precision, and accuracy data are on file in the Environmental Laboratory. 
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DATE: May 19, 2010 

TO: Patricia McCann, Principal Investigator and Project Manager 
Environmental Health Division 

FROM: Suzanne Skorich, Quality Assurance Officer 
Public Health Laboratory Division (PHL) 

PHONE: (651) 201-5304 

SUBJECT:Quality Assurance Review of Mercury Data – Surveillance report #1 
Mercury Levels in Blood from Newborns in the Lake Superior Basin 
GLNPO Study ID 2007-942 

Nineteen sets of samples collected during the study have been analyzed for total mercury using 
ICP-MS. For the purposes of this review, issues relative to the quality of analysis of the samples 
will be discussed. Issues regarding reporting are not part of the review since sample values have 
not yet been reported. 

The review was conducted using the acceptance criteria established by the MDH standard 
operating procedure (SOP) entitled “Mercury in Dried Blood Spots by Inductively Coupled Plasma 
Mass Spectroscopy (ICP-MS), Revision D” and the quality assurance project plan (QAPP) entitled 
“Mercury Levels in Blood from Newborns in the Lake Superior Basin, GLNPO ID 2007-942, 
Revision 2”. 

Deviations from established protocols found during surveillance activities are summarized below. 
Included is a discussion of corrective actions taken or planned, where necessary.  

Because the calibration standards and other quality control check solutions are procedural 
(prepared and processed in exactly the same manner, and at the same time, as the samples), it is 
not practical for the analyst to stop an analytical run to take corrective action during the middle of 
the run. Therefore, if quality control measures do not meet the established acceptance criteria, the 
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entire run, including standards, quality control checks, and samples, must either be re-prepared or 
the data qualified. 

It is my judgment that 14 of the 19 sets of data met the measurement quality objectives (MQOs) 
defined in the SOP and/or QAPP, except where noted. The results from the following sample sets 
are recommended to be reported. 

Sample Set Analysis Date Number of samples 
MN-01 December 23, 2009 20 
MN-02 December 23, 2009 20 
MN-03 December 30, 2009 20 
MN-04 December 30, 2009 20 
MN-05 December 23, 2009 20 
MN-06* December 23, 2009 20 
MN-07* April 15, 2010 20 
MN-08* April 15, 2010 20 
MN-09* April 16, 2010 20 
MN-10* April 16, 2010 20 
WI-01 December 29, 2009 20 
WI-04 December 31, 2009 20 
WI-repeat February 23, 2010 1 (repeated analysis) 
WI-05 March 26, 2010 20 
* The report level verification (RLV) standard was recovered below 60% recovery. Data is recommended to be 
reported and qualified. 

The samples from the following batches did not meet the measurement quality objectives (MQOs) 
of the SOP and/or QAPP and are recommended to be reanalyzed (see discussion of individual 
issues that follow). 

Sample Set Analysis Date Source of 
MQO issues 

WI-02 December 29, 2009 QCS, LCS 
WI-03 March 26, 2010 LCS 
WI-06 March 26, 2010 QCS 
WI-07 April 13, 2010 QCS 
WI-08 April 13, 2010 QCS, LCS 

Sample Preservation and Sample Storage 

Samples are being held frozen and in a locked freezer in a controlled access room within the 
laboratory. An internal chain-of-custody procedure, documenting the location of the samples at all 
times and in whose possession they are, has not been maintained. The laboratory has implemented 
the requirement since the date of this report. 
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Instrument Calibration, Calibration Verification (CVS), Report Level Verification (RLV) 

Instrument data was reviewed to determine how the daily calibration technique of linear regression 
was applied and whether the acceptance criterion was met. All nineteen of the samples sets 
indicated a linear relationship of the standards with correlation coefficients exceeding 0.999 in all 
cases. 

Instrument data was reviewed to determine if the periodic calibration verification steps throughout 
the analytical run were applied at the correct frequency. Calibration verification was not performed 
at the frequency of once after every 20 samples as described in the SOP. The analyst did not count 
the sample blanks (blank filter paper punched from each patient sample’s card) as samples, even 
though they occupied positions in the 96-well plate and were injected as samples into the ICP-MS. 
The analyst will add an additional set of calibration verification standards after 20 sample or 
method blank injections in all future runs. 

Instrument data was reviewed to determine whether the acceptance criteria were met for all of the 
calibration verification steps throughout the analytical run. All data passed the acceptance criteria.  

Finally, instrument data was reviewed to determine whether the two checks on low level 
quantitation at the reporting level of 2.42 ug/L total mercury met the criterion. The following table 
summarizes data sets for which the report level verification (RLV) checks have not passed the 
acceptance criterion of 60-140% recovery. Data for samples in the associated sample sets are 
recommended to be reported; however the patient samples in these sets are recommended to be 
qualified to indicate that the RLV did not meet the requirements of the QAPP.  

Sample Set Analysis Date Reason for QC failure 
MN-06 April 14, 2010 50% < 60% recovery 
MN-07 April 15, 2010 57% < 60% recovery 
MN-08 April 15, 2010 49% < 60% recovery 
MN-09 April 16, 2010 53% < 60% recovery 
MN-10 April 16, 2010 57% < 60% recovery 
WI-08 April 13, 2010 47% < 60% recovery 

Data collected through the course of the study indicates that the RLV criteria can be met when the 
instrument conditions are optimized. In April, the instrument was not operating under optimal 
conditions causing insufficient sensitivity at low concentrations.  

Maintenance on the ICP-MS was performed in the early weeks of May to optimize performance. 
The maintenance included cleaning the sample introduction components and optimizing detector 
voltages, which seemed to restore the sensitivity of the instrument that appeared to have dropped 
in the first part of April.  
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The laboratory is committed to monitoring the instrument more carefully and taking preventive 
action (cleaning the sample introduction components, optimizing detector voltages, etc.) more 
frequently as the study progresses in order to achieve acceptable quantitation at the RL. 

Holding Time 

Holding times have not been established for the method. Since all samples are being held in a 
freezer, significant degradation of mercury is not expected. There are no deviations from protocol 
to report on holding times. 

QC Accuracy and Precision: Laboratory Control Spikes (LCS), Laboratory Control Spike 
Duplicates (LCSD), and Quality Control Samples (QCS) 

Blank spike (LCS & LCSD) data and certified reference material (QCS) data were reviewed to 
determine if any recoveries were less 80% or greater than 120%.  The analytical runs for the 
sample sets listed below are deemed to not be in statistical control because of LCS and QCS 
failures and are not to be reported. The samples sets will be reanalyzed at some time during the 
course of the study. Since there is sufficient sample to analyze these samples only once more, the 
analyst will make sure that the instrument conditions are optimized prior to reanalyzing these 
samples. 

Sample Set Reason for LCS 
failure 

Reason for LSCD 
failure 

Reason for QCS 
failure 

WI-02 End of run < 80% End of run < 80% 
WI-03 End of run not 

analyzed due to lab 
accident 

Could not evaluate 
precision because 
end of run’s lab 

accident 
WI-06 Beginning of run 

>120% 
WI-07 Beginning of run 

< 80% and 
End of run < 80% 

WI-08 End of run 
< 80% 

Beginning of run 
< 80% and 

End of run < 80% 
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Field Duplicates 

All sample sets contained field duplicates. The concentrations of ten of the 19 sets of field 
duplicates were below the method detection limit (MDL). The remaining nine sets met the 
requirements for precision (results within +/- RL when the calculated concentration is < 10 times 
the MDL). 

Aqueous Blanks 

Instrument data was reviewed to determine if the evaluation of low system background using 
aqueous blanks (Abs) throughout the analytical run were applied at the correct frequency. Aqueous 
blank analysis was not performed at the frequency of once after every 20 samples as described in 
the SOP. As with the calibration verification standards, the analyst did not count the sample blanks 
(blank filter paper punched from each patient sample’s card) as samples, even though they 
occupied positions in the 96-well plate and were injected as samples into the ICP-MS. The analyst 
will add the appropriate aqueous blanks to all future runs. 

Instrument data was reviewed to determine whether the acceptance criteria were met for all of the 
aqueous blanks throughout the analytical run. The following table summarizes data for which the 
aqueous blank analyzed immediately after calibration has not passed the acceptance criteria. In all 
four instances, the AB that followed immediately after the initial AB was below the MDL. In my 
opinion, data need not be qualified based on this QC failure. 

Sample Set Analysis Date Reason for QC failure 
MN-01 December 23, 2009 > MDL; next AB passed 
MN-03 December 30, 2009 > MDL; next AB passed 
WI-02 December 29, 2009 > MDL; next AB passed 
WI-03 March 26, 2010 > MDL; next AB passed 

Method Blanks 

All sample sets contained a method blank (MB) corresponding to each patient sample in the set. 
No instance was noted where a MB was found to be greater than the MDL while the corresponding 
patient sample exceeded the reporting limit (RL). Seven instances were noted where a MB was 
found to be greater than the MDL while the corresponding patient sample was also estimated to be 
between the MDL and the RL. In my opinion, the patient data should be qualified at the time it is 
reported to indicate that an estimated value was also found in the MB for that sample. 
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Other Issues 

The laboratory’s SOP indicates that the internal standard is rhodium; however, the analyst has 
always used iridium because of the proximity of the quantitation mass to that of mercury. The 
laboratory’s SOP will be rewritten to rectify this error. 

Errors in documenting standards preparation prevented me from determining the traceability and 
concentration of the standard reference materials in use, except by inference, because key steps in 
the documentation process were omitted. The analyst has agreed to maintain accurate records on 
all sample preparation and standard preparation steps in the future. 

Laboratory notebooks and forms have not been signed and dated by an equally competent 
reviewer. The Inorganic Unit supervisor has agreed to review the analyst’s work more frequently 
and to sign and date the notebook and forms as they are reviewed. 

Maintenance on the ICP-MS was performed in the early weeks of May to optimize performance. 
The maintenance included cleaning the sample introduction components and optimizing detector 
voltages, which seemed to restore the sensitivity of the instrument that appeared to have dropped 
in the first part of April. The analyst, supervisor, and I are confident that sample analysis can again 
proceed; however, we will monitor the system performance more closely. In order to monitor the 
progress, we have agreed that fewer batches of samples should be set up each day during the next 
few weeks. 

Please let me know if you have any questions or concerns with the issues in this report or any other 
issues regarding the laboratory’s role in the study. 

SSS 
cc: Paul Swedenborg, Acting Environmental Laboratory Manager, PHL 
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the run. Therefore, if quality control measures do not meet the established acceptance criteria, the 
parts of the run between quality control measures, including standards, quality control checks, and 
samples, must either be re-prepared or the data qualified. 

In addition to reporting on the seven sets of samples analyzed since May 19, 2010, outstanding 
issues from Surveillance report #1 will be discussed. 

It is my judgment that all sets of data discussed in this report met the measurement quality 
objectives (MQOs) defined in the SOP and/or QAPP, except where noted. The results from the 
following sample sets are recommended to be reported. 

Sample Set Analysis Date Number of samples 
MN-11 June 8, 2010 20 
MN-12 June 10, 2010 10 (see below) 
MN-14 June 16, 2010 20 
MN-15 June 17, 2010 20 
MN-16 June 18, 2010 20 
MN-17 June 22, 2010 20 

The samples from the following batches did not meet the measurement quality objectives (MQOs) 
of the SOP and/or QAPP and are recommended to be reanalyzed (see discussion of individual 
issues that follow). 

Sample Set Analysis Date Source of 
MQO issues 

MN-12 June 10, 2010 LCS final 
MN-13 June 11, 2010 LCS mid-run 

Sample Preservation and Sample Storage 

There are no deviations from protocol to report on sample preservation and sample storage. 

Instrument Calibration, Calibration Verification (CVS), Report Level Verification (RLV) 

Instrument data was reviewed to determine how the daily calibration technique of linear regression 
was applied and whether the acceptance criterion was met. All seven of the samples sets indicated 
a linear relationship of the standards with correlation coefficients exceeding 0.999 in all cases. 

Instrument data was reviewed to determine if the periodic calibration verification steps throughout 
the analytical run were applied at the correct frequency. Calibration verification is performed at the 
frequency of once after every 20 samples as described in the SOP. 
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Instrument data was reviewed to determine whether the acceptance criteria were met for all of the 
calibration verification steps throughout the analytical run. All data passed the acceptance criteria. 

Finally, instrument data was reviewed to determine whether the check on low level quantitation at 
the reporting level (RLV) of 2.42 ug/L total mercury met the criterion. All seven of the checks met 
the 60-140% recovery criterion as shown below. 

Sample Set Analysis Date RLV Recovery 
MN-11 June 8, 2010 94% 
MN-12 June 10, 2010 92% 
MN-13 June 11, 2010 86% 
MN-14 June 16, 2010 78% 
MN-15 June 17, 2010 92% 
MN-16 June 18, 2010 86% 
MN-17 June 22, 2010 82% 

As noted in Surveillance report #1, the instrument must operate under optimal conditions to 
achieve sensitivity at low concentrations. The analyst has been dutiful in taking preventive action 
(cleaning the sample introduction components, optimizing detector voltages, etc.) more frequently 
as the study progresses in order to achieve acceptable quantitation at the RL. Improved 
performance of the RLV is an indicator that the preventive actions have had a positive effect on 
the measurement system. 

Holding Time 

Holding times have not been established for the method. Since all samples are being held in a 
freezer, significant degradation of mercury is not expected. There are no deviations from protocol 
to report on holding times. 

QC Accuracy and Precision: Laboratory Control Spikes (LCS), Laboratory Control Spike 
Duplicates (LCSD), and Quality Control Samples (QCS) 

Blank spike (LCS & LCSD) data and certified reference material (QCS) data were reviewed to 
determine if any recoveries were less 80% or greater than 120%. 

The analytical runs for the sample sets listed below contained LCS and QCS failures (below 80% 
recovery) and are not to be reported. The samples sets will be reanalyzed at some time during the 
course of the study. Since there is sufficient sample to analyze these samples only once more, the 
analyst will make sure that the instrument conditions are optimized prior to reanalyzing these 
samples. 
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Sample Set Reason for LCS Reason for LSCD Reason for QCS 
failure failure failure 

MN-12 End of run < 80% 

MN-13 Mid-run < 80% Mid-run > 20 RPD 

The laboratory has thus far collected fifty nine data points for the QCS and fifty eight data points 
for the LCS. The following table summarizes the recoveries and control limits that are derived 
from the data collected. 

QC Measure True 
Value 

N Mean 
Recovery 

Statistically-derived 
control limits 

(mean ± 3 std dev) 
calculated from all N 

SOP-designated 
control limits 

QCS (SRM 966, 
bovine blood) 

31.4 ug/L 59 91% 65 – 118 % 80 – 120 % 

LCS (SRM 966, 
bovine blood 
spotted on card) 

31.4 ug/L 58 88% 72 – 104% 80 – 120 % 

It is my opinion that the data indicates that it is more difficult to extract mercury from blood than 
we originally predicted when the laboratory wrote its SOP in which we stated that the control 
limits should be recalculated as data is collected, but that the limits should not be wider than 80-
120% recovery. 

Of the twenty six sets of samples analyzed to date, six were rejected based on QCS and LCS 
recoveries being < 80%. The highlighted recoveries illustrate how difficult it is to meet the 80% 
criterion and also illustrate that the values, while rejected based on the fixed limits, are well within 
the statistically-derived control limits generated from data collected during the study. 

Sample Set LCS recoveries 
(beginning and end) 

LSCD RPD 
(criterion < 20%) 

QCS recoveries 
(beginning and end) 

WI-02 90% and 78% 15% 83% and 76% 

WI-03 85% and lab accident Lab accident 116% and 110% 

WI-07 91% and 93% 2% 78% and 77% 
WI-08 80% and 77% 4% 78% and 70% 

MN-12 – second set 89% and 79% 13% 91% and 91% 

MN-13 – first set 99% and 78% 24% 105% and 99% 

MN-13 – second set 78% and 84% 7% 99% and 100% 

The laboratory plans to reanalyze all of the sample sets; however, we wish you to be aware that it 
is likely that reanalysis will result in data that doesn’t conform to the QCS and LCS acceptance 

Public Health Laboratory Division  
601 Robert Street North, P.O. Box 64899  

St. Paul, Minnesota 55164-0899  
http://www.health.state.mn.us/divs/phl/index.html 



 
 

              
 

    
       

     
 

                  
                    

        
 
 

  
 

                
              

               
  

 
 

  
 

              
              

                 
  

 
                

              
              

                
           

 
        

         
         
         

 
 

  
 

                
                  

               
                 

                  
          

 
 
 

criteria we have established. At that time, because we will have used up all of the available blood 
spots, if both the initial run and the repeat run are flawed, it may be necessary to choose one set 
over the other and to qualify the data. 

Field Duplicates 

All sample sets contained field duplicates. The concentrations of five of the seven sets of field 
duplicates were below the method detection limit (MDL). The remaining two sets met the 
requirements for precision (results within +/- RL when the calculated concentration is < 10 times 
the MDL). 

Aqueous Blanks 

Instrument data was reviewed to determine if the evaluation of low system background using 
aqueous blanks (AB) throughout the analytical run were applied at the correct frequency. Aqueous 
blank analysis are performed at the frequency of once after every 20 samples as described in the 
SOP. 

Instrument data was reviewed to determine whether the acceptance criteria were met for all of the 
aqueous blanks throughout the analytical run. The following table summarizes data for which the 
aqueous blank analyzed immediately after calibration did not pass the acceptance criteria. In all 
instances, the AB that followed immediately after the initial AB was below the MDL. In my 
opinion, data need not be qualified based on this QC failure. 

Sample Set Analysis Date Reason for QC failure 
MN-11 June 8, 2010 > MDL; next AB passed 
MN-12 June 10, 2010 > MDL; next AB passed 
MN-14 June 16, 2010 > MDL; next AB passed 

Method Blanks 

All sample sets contained a method blank (MB) corresponding to each patient sample in the set. 
No instance was noted where a MB was found to be greater than the MDL while the corresponding 
patient sample exceeded the reporting limit (RL). Two instances were noted where a MB was 
found to be greater than the MDL while the corresponding patient sample was below the MDL. In 
my opinion, the patient data should be qualified at the time it is reported to indicate that an 
estimated value was found in the MB for that sample. 
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Other Issues  

The laboratory’s SOP has not been revised to indicate that the internal standard is iridium, not 
rhodium. 

Records of sample preparation and standard preparation steps have greatly improved. Standard 
preparation was completely traceable in the seven sets of data under review. 

Laboratory notebooks and forms will be signed and dated by the quality assurance officer as they 
are reviewed. 

Please let me know if you have any questions or concerns with the issues in this report or any other 
issues regarding the laboratory’s role in the study. 

SSS 
cc: Paul Swedenborg, Acting Environmental Laboratory Manager, PHL 

Public Health Laboratory Division  
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the run. Therefore, if quality control measures do not meet the established acceptance criteria, the 
parts of the run between quality control measures, including standards, quality control checks, and 
samples, must either be re-prepared or the data qualified. 

In addition to reporting on the ten sets of samples analyzed since July 27, 2010, outstanding issues 
from Surveillance reports #1 - #3 will be discussed. 

It is my judgment that all ten sets of data discussed in this report met the measurement quality 
objectives (MQOs) defined in the SOP and/or QAPP, except where noted. The results from the 
following sample sets are recommended to be reported. 

Sample Set Analysis Date Number of samples 
MN-28 July 27, 2010 20 
MN-29 July 28, 2010 20 
MN-30 July 29, 2010 20 
MN-31 July 30, 2010 20 
MN-32 August 3, 2010 20 
MN-33 August 4, 2010 20 
MN-34 August 5, 2010 20 
MN-35 August 6, 2010 20 
MN-36 August 10, 2010 20 
MN-37 August 11, 2010 19 (see below) 

Sample Preservation and Sample Storage 

There are no deviations from protocol to report on sample preservation and sample storage. 

Instrument Calibration, Calibration Verification (CVS), Report Level Verification (RLV) 

Instrument data was reviewed to determine how the daily calibration technique of linear regression 
was applied and whether the acceptance criterion was met. All ten of the samples sets indicated a 
linear relationship of the standards with correlation coefficients exceeding 0.999 in all cases. 

Instrument data was reviewed to determine if the periodic calibration verification steps throughout 
the analytical run were applied at the correct frequency. Calibration verification is performed at the 
frequency of once after every 20 samples as described in the SOP. 

Instrument data was reviewed to determine whether the acceptance criteria were met for all of the 
calibration verification steps throughout the analytical run. All data passed the acceptance criteria. 
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Finally, instrument data was reviewed to determine whether the check on low level quantitation at 
the reporting level (RLV) of 2.42 ug/L total mercury met the criterion. All ten of the checks in the 
batches met the 60-140% recovery criterion as shown below. 

Sample Set Analysis Date RLV Recovery 
MN-28 July 27, 2010 74% 
MN-29 July 28, 2010 73% 
MN-30 July 29, 2010 72% 
MN-31 July 30, 2010 92% 
MN-32 August 3, 2010 88% 
MN-33 August 4, 2010 82% 
MN-34 August 5, 2010 71% 
MN-35 August 6, 2010 88% 
MN-36 August 10, 2010 83% 
MN-37 August 11, 2010 88% 

Holding Time 

Holding times have not been established for the method. Since all samples are being held in a 
freezer, significant degradation of mercury is not expected. There are no deviations from protocol 
to report on holding times. 

QC Accuracy and Precision: Laboratory Control Spikes (LCS), Laboratory Control Spike 
Duplicates (LCSD), and Quality Control Samples (QCS) 

Blank spike (LCS & LCSD) data and certified reference material (QCS) data were reviewed to 
determine if any recoveries were less 80% or greater than 120%. All LCS, LCSD, and QCS 
recoveries were within the limits. Precision of the LCS and LCSD in all cases was within the limit 
of 20% relative percent difference. 
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Adding to the data provided in Surveillance report #3, the laboratory has thus far collected 137 
data points for the QCS and 136 data points for the LCS. The following table summarizes the 
recoveries and control limits that are derived from the data collected. 

QC Measure True 
Value 

N Mean 
Recovery 

Statistically-derived 
control limits 

(mean ± 3 std dev) 
calculated from all N 

SOP-designated 
control limits 

QCS (SRM 966, 
bovine blood) 

31.4 ug/L 137 95% 83 – 107 % 80 – 120 % 

LCS (SRM 966, 
bovine blood 
spotted on card) 

31.4 ug/L 136 92% 73 – 111% 80 – 120 % 

Field Duplicates 

All sample sets contained field duplicates. Nine of ten sets of field duplicates were above the 
method detection limit (MDL), with five sets showing results between the MDL and the reporting 
limit (RL). Results between the MDL and the RL are qualified with a “J” signifying estimated 
concentrations. The remaining four sets consisted of samples with results above the RL, with two 
sets having concentrations > 10 times the MDL. 

The five sets of duplicates with results that are qualified as estimated concentration (“J-flagged”) 
met the requirements for precision (results within +/- RL when the calculated concentration is < 10 
times the MDL). 

The two sets of duplicates with results that are > RL, but with concentrations < 10times the MDL 
met the requirements for precision (results within +/- RL when the calculated concentration is < 10 
times the MDL). 

One of the two sets of duplicates (batch MN-28) with results that are > RL and with concentrations 
> 10times the MDL met the requirements for precision. The other set of duplicates (batch MN-31) 
had an RPD value of 21%, exceeding the limit of 20%. 

The data for batch MN-31 shall be qualified to indicate that the RPD value of the duplicates was 
not within the acceptance limits of the method. 
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Aqueous Blanks  

Instrument data was reviewed to determine if the evaluation of low system background using 
aqueous blanks (AB) throughout the analytical run were applied at the correct frequency. Aqueous 
blank analysis are performed at the frequency of once after every 20 samples as described in the 
SOP. 

Instrument data was reviewed to determine whether the acceptance criteria were met for all of the 
aqueous blanks throughout the analytical run. All AB samples passed the acceptance criteria. 

Method Blanks 

All sample sets contained a method blank (MB) corresponding to each patient sample in the set. 

One instance was noted where a MB was found to be greater than the MDL. The sample analysis 
showed that the internal standard did not meet the requirements of the method. Therefore, samples 
MN-0734 (analyzed in batch MN-37) and its associated blank will be reanalyzed. 

Other Issues 

Ten patient samples were observed to have concentrations of total mercury that exceeded the 
concentration of the highest standard in the calibration curve. All but one sample was below the 
known range of linearity of 242 ug/L total mercury. The samples with values that are outside of the 
calibration range, but within the known linearity range, are listed below. Results for these samples 
will be reported as “estimated.” One sample, MN-0733 is slightly higher than the known linear 
range of the instrument. The result will also be reported and qualified as “estimated.” 

Sample 
Number 

Batch 
Number 

Analysis Date Reported Value 
(ug/L total mercury) 

Data Qualifier 

MN-0544 MN-28 July 27, 2010 89 

Estimated result; 
reported value is 
over the 
calibration range 
but within the 
known linear 
range. 

MN-0545 MN-28 July 27, 2010 80 
MN-0560 MN-28 July 27, 2010 83 

MN-0587 MN-30 July 29, 2010 75 

MN-0625 MN-32 August 3, 2010 128 

MN-0635 MN-32 August 3, 2010 63 

MN-0698 MN-35 August 6, 2010 191 
MN-0703 MN-36 August 10, 2010 54 

MN-0719 MN-36 August 10, 2010 201 

MN-0733 MN-37 August 11, 2010 247 

Estimated result; 
reported value is 
over the known 
linear range. 
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The laboratory’s SOP has not been revised to indicate that the internal standard is iridium, not 
rhodium. 

Please let me know if you have any questions or concerns with the issues in this report or any other 
issues regarding the laboratory’s role in the study. 

SSS 
cc: Betsy Edhlund, Research Scientist 2, PHL 

Jeff Brenner, Inorganic Chemistry Unit Supervisor, PHL 
Paul Swedenborg, Acting Environmental Laboratory Manager, PHL 
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the run. Therefore, if quality control measures do not meet the established acceptance criteria, the 
parts of the run between quality control measures, including standards, quality control checks, and 
samples, must either be re-prepared or the data qualified. 

In addition to reporting on the ten sets of samples analyzed since August 11, 2010, outstanding 
issues from Surveillance reports #1 - #4 will be discussed. 

It is my judgment that twelve sets of data discussed in this report met the measurement quality 
objectives (MQOs) defined in the SOP and/or QAPP, except where noted. The results from the 
following sample sets are recommended to be reported. 

Sample Set Analysis Date Number of samples 
MN-38 August 12, 2010 18 (see below) 
MN-39 August 13, 2010 20 
MN-40 August 17, 2010 20 
MN-41 August 18, 2010 20 
MN-42 August 19, 2010 20 
MN-44 August 25, 2010 10 (see below) 
MN-45 August 31, 2010 20 
MN-46 September 1, 2010 10 (see below) 
MN-47 September 2, 2010 20 
MN-48 September 3, 2010 20 
MN-49 September 8, 2010 20 
MN-50 September 9, 2010 10 (see below) 

The samples from the following batches did not meet the measurement quality objectives (MQOs) 
of the SOP and/or QAPP and are recommended to be reanalyzed (see discussion of individual 
issues that follow). 

Sample Set Analysis Date Source of 
MQO issues 

MN-38 August 12, 2010 Two sample solutions (MN-0747 and MN-
0760 Dup) ran out prior to analysis 
completion due to an instrument error 

MN-43 August 20, 2010 All QCS samples > 120% recovery; first pair 
LCS precision > 20% 

MN-44 August 25, 2010 Calibration not verified because final low 
CVS failed to inject; LCS final (78%<80%) 

MN-46 September 1, 2010 LCS initial (79%<80%) 
MN-50 September 9, 2010 Calibration not verified because final high 

CVS failed to inject 
MN-51 September 10, 2010 Calibration not verified; LCS failed precision 

and accuracy checks due to lab accident at the 
time of sample preparation 
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Sample Preservation and Sample Storage 

There are no deviations from protocol to report on sample preservation and sample storage. 

Instrument Calibration, Calibration Verification (CVS), Report Level Verification (RLV) 

Instrument data was reviewed to determine how the daily calibration technique of linear regression 
was applied and whether the acceptance criterion was met. All ten of the samples sets indicated a 
linear relationship of the standards with correlation coefficients exceeding 0.999 in all cases. 

Instrument data was reviewed to determine if the periodic calibration verification steps throughout 
the analytical run were applied at the correct frequency. Calibration verification is performed at the 
frequency of once after every 20 samples as described in the SOP. 

Instrument data was reviewed to determine whether the acceptance criteria were met for all of the 
calibration verification steps throughout the analytical run. All data passed the acceptance criteria. 

Finally, instrument data was reviewed to determine whether the check on low level quantitation at 
the reporting level (RLV) of 2.42 ug/L total mercury met the criterion. All fourteen of the checks 
in the batches met the 60-140% recovery criterion as shown below. 

Sample Set Analysis Date RLV Recovery 
MN-38 August 12, 2010 78% 
MN-39 August 13, 2010 68% 
MN-40 August 17, 2010 94% 
MN-41 August 18, 2010 68% 
MN-42 August 19, 2010 86% 
MN-43 August 20, 2010 89% 
MN-44 August 25, 2010 82% 
MN-45 August 31, 2010 88% 
MN-46 September 1, 2010 80% 
MN-47 September 2, 2010 81% 
MN-48 September 3, 2010 73% 
MN-49 September 8, 2010 86% 
MN-50 September 9, 2010 73% 
MN-51 September 10, 2010 81% 
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Holding Time  

Holding times have not been established for the method. Since all samples are being held in a 
freezer, significant degradation of mercury is not expected. There are no deviations from protocol 
to report on holding times. 

QC Accuracy and Precision: Laboratory Control Spikes (LCS), Laboratory Control Spike 
Duplicates (LCSD), and Quality Control Samples (QCS) 

Blank spike (LCS & LCSD) data and certified reference material (QCS) data were reviewed to 
determine if any recoveries were less 80% or greater than 120%. Except for batches MN-43, MN-
44, MN-46, and MN-51, the LCS, LCSD, and QCS recoveries were within the 80-120% limits. 
Precision of the LCS and LCSD in all cases, except in MN-43 and MN-51, was within the limit of 
20% relative percent difference. 

Adding to the data provided in Surveillance report #4, the laboratory has thus far collected 176 
data points for the QCS and 177 data points for the LCS. Four outliers were identified and 
removed from the dataset prior to determining the statistically-derived control limits. The 
following table summarizes the recoveries and control limits that are derived from the data 
collected. 

QC Measure True 
Value 

N Mean 
Recovery 

Statistically-derived 
control limits 

(mean ± 3 std dev) 
calculated from all N 

SOP-designated 
control limits 

QCS (SRM 966, 
bovine blood) 

31.4 ug/L 179 94% 84 – 104 % 80 – 120 % 

LCS (SRM 966, 
bovine blood 
spotted on card) 

31.4 ug/L 178 90% 72 – 107% 80 – 120 % 

Field Duplicates 

All sample sets contained field duplicates. Six of fourteen sets of field duplicates were above the 
method detection limit (MDL), with two sets showing results between the MDL and the reporting 
limit (RL). Results between the MDL and the RL are qualified with a “J” signifying estimated 
concentrations. The remaining four sets consisted of samples with results above the RL, with two 
sets having concentrations > 10 times the MDL. 

The two sets of duplicates with results that are qualified as estimated concentration (“J-flagged”) 
met the requirements for precision (results within +/- RL when the calculated concentration is < 10 
times the MDL). 
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The two sets of duplicates with results that are > RL, but with concentrations < 10times the MDL 
met the requirements for precision (results within +/- RL when the calculated concentration is < 10 
times the MDL). 

One of the two sets of duplicates (batch MN-38) with results that are > RL and with concentrations 
> 10times the MDL met the requirements for precision. 

The other set of field duplicates from batch MN-51 are not reported because the batch did not meet 
the acceptance criteria for calibration and other quality control determinations due to laboratory 
accident at the time of sample preparation. 

Aqueous Blanks 

Instrument data was reviewed to determine if the evaluation of low system background using 
aqueous blanks (AB) throughout the analytical run were applied at the correct frequency. Aqueous 
blank analysis are performed at the frequency of once after every 20 samples as described in the 
SOP. 

Instrument data was reviewed to determine whether the acceptance criteria were met for all of the 
aqueous blanks throughout the analytical run. All AB samples passed the acceptance criteria. 

Method Blanks 

All sample sets contained a method blank (MB) corresponding to each patient sample in the set. 

Three instances were noted where a MB was found to be greater than the MDL. In two instances 
the blank indicated a result between the MDL and the RL (marked “J” as estimated concentrations) 
while the corresponding two samples were found to be <RL. Sample results will be reported as 
below the RL. 

The other positive MB corresponds with patient sample MN-0836. Since the concentration of total 
mercury in the MN-0836 was over six times that found in the MB, the sample result will be 
reported and qualified to indicate that mercury was also noted in the MB. 

Public Health Laboratory Division  
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Other Issues 

One patient sample was observed to have concentrations of total mercury that exceeded the 
concentration of the highest standard in the calibration curve. The sample result was below the 
known range of linearity of 242 ug/L total mercury. Results for this sample will be reported as 
“estimated.” 

Sample 
Number 

Batch 
Number 

Analysis Date Reported Value 
(ug/L total mercury) 

Data Qualifier 

MN-0752 MN-38 August 12, 2010 234 

Estimated result; 
reported value is 
over the 
calibration range 
but within the 
known linear 
range. 

The laboratory’s SOP has not been revised to indicate that the internal standard is iridium, not 
rhodium. 

Please let me know if you have any questions or concerns with the issues in this report or any other 
issues regarding the laboratory’s role in the study. 

SSS 
cc: Betsy Edhlund, Research Scientist 2, PHL 

Jeff Brenner, Inorganic Chemistry Unit Supervisor, PHL 
Paul Swedenborg, Acting Environmental Laboratory Manager, PHL 
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the run. Therefore, if quality control measures do not meet the established acceptance criteria, the 
parts of the run between quality control measures, including standards, quality control checks, and 
samples, must either be re-prepared or the data qualified. 

In addition to reporting on the eight sets of samples analyzed since September 17, 2010, 
outstanding issues from Surveillance reports #1 - #5 will be discussed. 

It is my judgment that four sets of data discussed in this report met the measurement quality 
objectives (MQOs) defined in the SOP and/or QAPP, except where noted. The results from the 
following sample sets are recommended to be reported. 

Sample Set Analysis Date Number of samples 
MN-52 September 17, 2010 20 
MN-53 September 22, 2010 20 
MN-55 September 24, 2010 10 (see below) 
MN-56 September 30, 2010 20 
MN-57 October 1, 2010 20 

The samples from the following batches did not meet the measurement quality objectives (MQOs) 
of the SOP and/or QAPP and are recommended to be reanalyzed (see discussion of individual 
issues that follow). 

Sample Set Analysis Date Source of 
MQO issues 

MN-54 September 23, 2010 LCS initial (78%<80%); 
LCS middle (77%<80%); and 
No field duplicate precision data because 
MN-1080 failed to inject during unattended 
analysis 

MN-55 September 24, 2010 The last third of samples and standards failed 
to inject during unattended analysis 

MI-01 October 6, 2010 Calibration not verified (see below) 

MI-02 October 7, 2010 Calibration not verified (see below) 

Sample Preservation and Sample Storage 

There are no deviations from protocol to report on sample preservation and sample storage. 
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Instrument Calibration, Calibration Verification (CVS), Report Level Verification (RLV) 

Instrument data was reviewed to determine how the daily calibration technique of linear regression 
was applied and whether the acceptance criterion was met. All eight of the samples sets indicated a 
linear relationship of the standards with correlation coefficients exceeding 0.999 in all cases. 

Instrument data was reviewed to determine if the periodic calibration verification steps throughout 
the analytical run were applied at the correct frequency. Calibration verification is performed at the 
frequency of once after every 20 samples as described in the SOP. 

Instrument data was reviewed to determine whether the acceptance criteria were met for all of the 
calibration verification steps throughout the analytical run. Calibration verification data for batches 
MI-01 and MI-02 did not pass the acceptance criteria listed in the SOP. Just prior to analyzing 
these batches, new working standards were prepared from a new lot of stock standard which was 
purchased because the previous stock calibration standard had expired. The new CVS high level 
and CVS mid level calibration verification standards recovered at a slightly lower than 
concentration than those made from the previous stock standard material, which was observed to 
be closer to the true values than the previous standards were. 

The analyst will be conducting analyses of only calibration standards and CVS standards over the 
course of the next week in order to obtain sufficient data to calculate new limits for the CVS 
standards. After that time, we will reevaluate whether the calibration verifies for batches MI-01 
and MI-02. If so, the data will be recommended to be accepted. Analysis of additional batches will 
only begin after we are confident that the CVS data meets the criteria for verification. 

Finally, instrument data was reviewed to determine whether the check on low level quantitation at 
the reporting level (RLV) of 2.42 ug/L total mercury met the criterion. All eight of the checks in 
the batches met the 60-140% recovery criterion as shown below. 

Sample Set Analysis Date RLV Recovery 
MN-52 September 17, 2010 89% 
MN-53 September 22, 2010 88% 
MN-54 September 23, 2010 84% 
MN-55 September 24, 2010 98% 
MN-56 September 30, 2010 84% 
MN-57 October 1, 2010 84% 
MI-01 October 6, 2010 114% 
MI-02 October 7, 2010 93% 
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Holding Time  

Holding times have not been established for the method. Since all samples are being held in a 
freezer, significant degradation of mercury is not expected. There are no deviations from protocol 
to report on holding times. 

QC Accuracy and Precision: Laboratory Control Spikes (LCS), Laboratory Control Spike 
Duplicates (LCSD), and Quality Control Samples (QCS) 

Blank spike (LCS & LCSD) data and certified reference material (QCS) data were reviewed to 
determine if any recoveries were less 80% or greater than 120%. Except for batch MN-54, the 
LCS, LCSD, and QCS recoveries were within the 80-120% limits. Precision of the LCS and LCSD 
in all cases was within the limit of 20% relative percent difference. 

Adding to the data provided in Surveillance report #5, the laboratory has thus far collected 199 
data points for the QCS and 200 data points for the LCS. Four outliers were identified and 
removed from the dataset prior to determining the statistically-derived control limits. The 
following table summarizes the recoveries and control limits that are derived from the data 
collected. 

QC Measure True 
Value 

N Mean 
Recovery 

Statistically-derived 
control limits 

(mean ± 3 std dev) 
calculated from all N 

SOP-designated 
control limits 

QCS (SRM 966, 
bovine blood) 

31.4 ug/L 199 94% 76 – 111 % 80 – 120 % 

LCS (SRM 966, 
bovine blood 
spotted on card) 

31.4 ug/L 200 89% 70 – 108% 80 – 120 % 

Field Duplicates 

All sample sets contained field duplicates; however, since batches MN-54 and MN-55 were not 
completed due to instrument error, only six of the eight sample sets have associated precision data 
for field samples. Four of six sets of field duplicates were above the method detection limit 
(MDL), with three sets showing results between the MDL and the reporting limit (RL). Results 
between the MDL and the RL are qualified with a “J” signifying estimated concentrations. The 
remaining set consisted of samples with results above the RL, but having concentrations < 10 
times the MDL. 

All sets of duplicates met the requirements for precision (results within +/- RL when the calculated 
concentration is < 10 times the MDL). 
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Aqueous Blanks  

Instrument data was reviewed to determine if the evaluation of low system background using 
aqueous blanks (AB) throughout the analytical run were applied at the correct frequency. Aqueous 
blank analysis are performed at the frequency of once after every 20 samples as described in the 
SOP. 

Instrument data was reviewed to determine whether the acceptance criteria were met for all of the 
aqueous blanks throughout the analytical run. Three sets of samples included at least one AB 
sample over the MDL, but the following AB passed the acceptance criteria. Data is not qualified 
based on the AB analyses. 

Method Blanks 

All sample sets contained a method blank (MB) corresponding to each patient sample in the set. 

Two instances were noted where a MB was found to be greater than the MDL. In one instance, 
patient sample MN-1130, the blank indicated a result between the MDL and the RL (marked “J” as 
estimated concentrations) while the corresponding sample was found to be <RL. Sample results for 
MN-1130 will be reported as below the RL. 

In the other instance the patient sample was substantially greater than the blank value; however, 
the results of this batch (MI-02) are not being reported at this time. 

Other Issues 

The laboratory’s SOP has been revised to indicate that the internal standard is iridium, not 
rhodium, and to address other minor changes, errors, or omissions. The SOP is currently under 
review by the laboratory’s management team. 

Please let me know if you have any questions or concerns with the issues in this report or any other 
issues regarding the laboratory’s role in the study. 

SSS 
cc: Betsy Edhlund, Research Scientist 2, PHL 

Jeff Brenner, Inorganic Chemistry Unit Supervisor, PHL 
Paul Swedenborg, Acting Environmental Laboratory Manager, PHL 
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DATE: May 20, 2011 

TO: Patricia McCann, Principal Investigator and Project Manager 
Environmental Health Division 

FROM: Suzanne Skorich, Quality Assurance Officer 
Public Health Laboratory Division (PHL) 

PHONE: (651) 201-5304 

SUBJECT:  Quality Assurance Review of Mercury Data – Surveillance report #7 
Mercury Levels in Blood from Newborns in the Lake Superior Basin 
GLNPO Study ID 2007-942 

Eighty-five sets of samples collected during the study have been analyzed for total mercury using 
ICP-MS. Fourteen sets of samples have been analyzed since I sent you Surveillance report #6, 
dated October 28, 2010. In addition, one sample set was analyzed on April 20, 2011 using an 
extended calibration curve in order to verify the concentration of selected samples that were 
previously analyzed. For the purposes of this review, issues relative to the quality of analysis of the 
most recent fourteen sample sets will be discussed. Issues regarding reporting are not part of the 
review since sample values have not yet been reported. 

Discussion on the quality of data produced in the sample set identified as “High Results 
Verification” is not included in this report because the laboratory does not have established quality 
control limits for the extended calibration range. The calibration verification samples were 
evaluated against their true values and found to be within 97-104%. The calculated values for the 
samples in the batch match closely with the results previously obtained. The sample data will be 
forwarded to you by Betsy Edhlund. 

The review was conducted using the acceptance criteria established by the MDH standard 
operating procedure (SOP) entitled “Mercury in Dried Blood Spots by Inductively Coupled Plasma 
Mass Spectroscopy (ICP-MS), Revision E” and the quality assurance project plan (QAPP) entitled 

Public Health Laboratory Division  
601 Robert Street North, P.O. Box 64899  

St. Paul, Minnesota  55164-0899  
http://www.health.state.mn.us/divs/phl/index.html 



 
 

              
 

 
  

 
 

   
 

 
    

  
  

 
     

     
  
  

   
 

 
  

       
 

      
 

  
    

 
   

   
    
   
   
   
   

   
   
   

   
 

“Mercury Levels in Blood from Newborns in the Lake Superior Basin, GLNPO ID 2007-942, 
Revision 2”. 

Deviations from established protocols found during surveillance activities conducted since 
October 28, 2010 are summarized below. Included is a discussion of corrective actions taken or 
planned, where necessary. 

Because the calibration standards and other quality control check solutions are procedural 
(prepared and processed in exactly the same manner, and at the same time, as the samples), it is 
not practical for the analyst to stop an analytical run to take corrective action during the middle of 
the run. Therefore, if quality control measures do not meet the established acceptance criteria, the 
parts of the run between quality control measures, including standards, quality control checks, and 
samples, must either be re-prepared or the data qualified. 

In addition to reporting on the fourteen sets of samples analyzed since October 28, 2010, 
outstanding issues from Surveillance reports #1 - #6 will be discussed. 

It is my judgment that nine sets of data discussed in this report, along with the samples that were 
reanalyzed using an expanded calibration curve to verify previous data, met the measurement 
quality objectives (MQOs) defined in the SOP and/or QAPP, except where noted. The results from 
the following sample sets are recommended to be reported. 

Sample Set Analysis Date Number of samples 
MI-06 March 8, 2011 20 
MI-07 March 9, 2011 20 (see below) 
MI-08 March 10, 2011 10 (see below) 
MI-09 March 11, 2011 10 (see below) 
MI-10 March 15, 2011 10 (see below) 
MI-11 March 16, 2011 20 (see below) 
MI-03/MN-55 March 17, 2011 20 
WI-08B March 25, 2011 20 
MI-04B April 14, 2011 20 
High Results Verification April 20, 2011 17 
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The samples from the following batches did not meet the measurement quality objectives (MQOs) 
of the SOP and/or QAPP and were reanalyzed (see discussion of individual issues that follow). 

Sample Set Analysis Date Source of 
MQO issues 

MI-04 February 17, 2011 Calibration and recovery issues were found. 
The batch was reanalyzed on April 14, 2011. 
All MQOs were met on reanalysis and the 
results are recommended to be reported. 

MI-05 February 18, 2011 Calibration and recovery issues were found. 
The batch was reanalyzed on April 15, 2011. 
All MQOs were met on reanalysis, exception 
for the RLV which recovered over the limit of 
140%. The data is recommended to be 
reported and qualified. 

Sample Preservation and Sample Storage 

There are no deviations from protocol to report on sample preservation and sample storage. 

Instrument Calibration, Calibration Verification (CVS), Report Level Verification (RLV) 

Instrument data was reviewed to determine how the daily calibration technique of linear regression 
was applied and whether the acceptance criterion was met. All but one of the fifteen samples sets 
indicated a linear relationship of the standards with correlation coefficients exceeding 0.999 in all 
cases. The exception was the first batch MI-04 which was reanalyzed as sample set MI-04B, and 
the data from MI-04B was found to be acceptable. 

Instrument data was reviewed to determine if the periodic calibration verification steps throughout 
the analytical run were applied at the correct frequency. Calibration verification is performed at the 
frequency of once after every 20 samples as described in the SOP. 

Instrument data was reviewed to determine whether the acceptance criteria were met for all of the 
calibration verification steps throughout the analytical run. Calibration verification data for the 
following batches did not pass the acceptance criteria listed in the SOP because the final CVS-high 
standard and following aqueous blanks failed to inject during unattended operation of the 
instrument. 
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Sample Set Analysis Date Calibration verification issues 
MI-08 March 10, 2011 Final CVS-high and final 

blanks did not inject 
MI-09 March 11, 2011 Final blanks did not inject 
MI-10 March 15, 2011 Final CVS-high and final 

blanks did not inject 
MN-43B March 24, 2011 Final CVS-high and final 

blanks did not inject; RLV 
recovery high 

MI-02/MN-19/MN-37 March 29, 2011 Initial CVS-high outside limits; 
final CVS-high and final blanks 

did not inject; RLV recovery 
high 

I recommend that the samples in the following samples sets identified with the calibration issues 
listed above and resulting from the instrument malfunction are reported and qualified using the 
“PC” qualifier to indicate that the calibration was partially verified . The justification for reporting 
the data is that most results were within the verified portion of the curve. In addition, the last two 
sample sets in the list shall be reported with the “RV2” qualifier to indicate that the RLV recovery 
was over the acceptance limit (see discussion on RLV below for justification). 

Sample Set Number of samples to 
qualify 

Justification(s) for 
qualification 

MI-08 10 All ten patient samples and 
associated blanks are below the 
RL with no values between the 

MDL and the RL (J flag 
qualifier). 

MI-09 10 Nine of ten patient samples and 
associated blanks are below the 

RL with five values between 
the MDL and the RL (J flag 

qualifier); one sample exceeded 
the RL. 

MI-10 10 All ten patient samples and 
associated blanks are below the 
RL with three values between 
the MDL and the RL (J flag 

qualifier). 
MN-43B 20 Fourteen of nineteen patient 

samples and associated blanks 
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are below the RL with nine 
values between the MDL and 
the RL (J flag qualifier); five 

samples exceeded the RL. 
MI-02/MN-19/MN-37 20 Thirteen of twenty patient 

samples and associated blanks 
are below the RL with nine 

values between the MDL and 
the RL (J flag qualifier); six 
samples exceeded the RL. 

Finally, instrument data was reviewed to determine whether the check on low level quantitation at 
the reporting level (RLV) of 2.42 ug/L total mercury met the criterion. Nine of the fourteen checks 
in the batches met the 60-140% recovery criterion as shown below. The remaining five checks 
were recovered greater than the upper limit of 140%. 

Sample Set Analysis Date RLV Recovery 
MI-06 March 8, 2011 79% 
MI-07 March 9, 2011 133% 
MI-08 March 10, 2011 137% 
MI-09 March 11, 2011 127% 
MI-10 March 15, 2011 90% 
MI-11 March 16, 2011 112% 
MI-03/MN-55 March 17, 2011 116% 
MN-51B March 18, 2011 145% 
MN-43B March 24, 2011 146% 
WI-08B March 25, 2011 126% 
MI-02/MN-19/MN-37 March 29, 2011 160% 
WI-03/MN-44B March 30, 2011 162% 
MI-04B April 14, 2011 139% 
MI-05B April 15, 2011 143% 

Since the failing RLV in all instances indicates a high bias, I contend that the recoveries of the 
RLV do not negatively impact the overall quality of the data in these samples sets. The number of 
samples that, in my judgment, may have been biased is summarized in the table below. 
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Additionally, all of the sample sets for which the RLV was over the upper limit contain at least 
some samples for which there are insufficient dried blood spots remaining to repeat the test. 
Therefore, I recommend that results for samples in the following sets be qualified to indicate that 
the RLV did not meet the MQOs of the project. 

Sample Set Analysis Date Number of samples >RL / 
total number of samples in 

set 
MN-51B March 18, 2011 1 / 20 
MN-43B March 24, 2011 5 / 20 
MI-02/MN-19/MN-37 March 29, 2011 7 / 20 
WI-03/MN-44B March 30, 2011 2 / 20 
MI-05B April 15, 2011 1 / 20 

Holding Time 

Holding times have not been established for the method. Since all samples are being held in a 
freezer, significant degradation of mercury is not expected. There are no deviations from protocol 
to report on holding times. 

QC Accuracy and Precision: Laboratory Control Spikes (LCS), Laboratory Control Spike 
Duplicates (LCSD), and Quality Control Samples (QCS) 

Blank spike (LCS & LCSD) data and certified reference material (QCS) data were reviewed to 
determine if any recoveries were less 80% or greater than 120%. Except for batch MN-51B, the 
LCS, LCSD, and QCS recoveries were within the 80-120% limits. Except for batch MI-11, 
precision of the LCS and LCSD in all cases was within the limit of 20% relative percent 
difference. 

The three LCS samples in batch MN-51B recovered at 75%, 79%, and 76%. These values are 
within the statistically-derived control limits of 70-108%. I recommend the results of the batch be 
reported and the results qualified for accuracy. 

The RPD for the first set of LCS in batch MI-11 was calculated at 27%. I recommend the results of 
the batch be reported and the results qualified for precision. 

Adding to the data provided in Surveillance report #6, the laboratory has thus far collected 244 
data points for the QCS and 245 data points for the LCS. Four outliers were identified and 
removed from the dataset prior to determining the statistically-derived control limits. The 
following table summarizes the recoveries and control limits that are derived from the data 
collected. 
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QC Measure True 
Value 

N Mean 
Recovery 

Statistically-derived 
control limits 

(mean ± 3 std dev) 
calculated from all N 

SOP-designated 
control limits 

QCS (SRM 966, 
bovine blood) 31.4 ug/L 244 94% 77 – 111 % 80 – 120 % 

LCS (SRM 966, 
bovine blood 
spotted on card) 

31.4 ug/L 245 89% 70 – 108% 80 – 120 % 

Field Duplicates 

All sample sets contained field duplicates. Six of fourteen sets of field duplicates were above the 
method detection limit (MDL), with all six sets showing results between the MDL and the 
reporting limit (RL). Results between the MDL and the RL are qualified with a “J” signifying 
estimated concentrations. None of the samples sets contained field duplicate results above the RL. 

All sets of duplicates met the requirements for precision (results within +/- RL when the calculated 
concentration is < 10 times the MDL). 

Aqueous Blanks 

Instrument data was reviewed to determine if the evaluation of low system background using 
aqueous blanks (AB) throughout the analytical run were applied at the correct frequency. Aqueous 
blank analysis are performed at the frequency of once after every 20 samples as described in the 
SOP. As noted in the calibration verification discussion, five sample sets were not completed 
during unattended analysis, leaving the final ABs unanalyzed. 

Instrument data was reviewed to determine whether the acceptance criteria were met for all of the 
aqueous blanks throughout the analytical run. Eight sets of samples included at least one AB 
sample over the MDL, but the following AB passed the acceptance criteria. Data is not qualified 
based on the AB analyses. 

Method Blanks 

All sample sets contained a method blank (MB) corresponding to each patient sample in the set. 

In one instance, patient sample MN-0368 analyzed on March 29, 2011, the blank indicated a result 
between the MDL and the RL (marked “J” as estimated concentrations) while the corresponding 
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sample was found to be <RL. Sample results for MN-0368 will be reported as below the RL and 
qualified to indicate that the sample blank was found to be higher than the authentic sample. 

In two other instances, the MB did not inject; however, the corresponding patient sample was 
found to be <RL. The samples are MI-0117 analyzed on March 9, 2011 and MN-1006 analyzed on 
March 18, 2011. Sample results for MI-0117 and MN-1006 will be reported as below the RL. 

Other Issues 

The laboratory’s revised SOP (Revision E) has been accepted by the Public Health Laboratory’s 
management. 

Five samples have not been successfully analyzed in the course of the study. The unanalyzed 
samples are: MN-0859, MN-0747, MN-0760 Dup, MN-1080, and MN-1080 Dup. Due to the large 
percentage of samples that have been successfully analyzed, I recommend that the laboratory not 
pursue further analysis of these missed samples. 

If you are agreeable to concluding the study upon receipt of the data for the sample sets reviewed 
in this report, I will forward a final quality control assessment for the project by the end of May 
2011. 

Please let me know if you have any questions or concerns with the issues in this report or any other 
issues regarding the laboratory’s role in the study. 

SSS 
cc:  Betsy Edhlund, Research Scientist 2, PHL 

Jeff Brenner, Inorganic Chemistry Unit Supervisor, PHL 
Paul Moyer, Environmental Laboratory Manager, PHL 
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DATE: June 30, 2011 

TO: Patricia McCann, Principal Investigator and Project Manager 
Environmental Health Division 

FROM: Suzanne Skorich, Quality Assurance Officer 
Public Health Laboratory Division (PHL) 

PHONE: (651) 201-5304 

SUBJECT:  Quality Assurance Review of Mercury Data – Final Report 
Mercury Levels in Blood from Newborns in the Lake Superior Basin 
GLNPO Study ID 2007-942 

The Environmental Laboratory has concluded the analysis of 1496 samples in the study for total 
mercury using ICP-MS. For the purposes of this review, issues relative to the quality of analysis of 
the entire study conducted from 2009 through 2011 will be discussed. 

The review was conducted using the quality assurance project plan (QAPP) entitled “Mercury 
Levels in Blood from Newborns in the Lake Superior Basin, GLNPO ID 2007-942, Revision 2”.  

Section A. Project Management 

Sections A1 through A6 are not included in the review since these sections are descriptive of the 
project and not related to the quality of the data. A discussion on Sections A7 through A9 follows. 
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A7. Data Quality Objectives for Measurement Data  

The sensitivity of the method used in the course of the study was sufficient to meet the data quality 
objective of 5.8 ug/L total mercury in blood. 

Measures taken during the course of the study to identify potential contamination from handling 
samples and cards in varying hospital and laboratory environments, as well as transport and 
storage of the samples indicated few areas of concern for contamination.  These measures are 
discussed in greater detail in the section entitled “Method Blank (MB)” below. 

Supplies and consumables were tested for mercury throughout the course of the project. Supplies 
and consumables all tested negative for total mercury prior to placing these items into use. 

Table 1. of the QAPP defined measurement quality objectives (MQOs) for the study. Below is an 
assessment of each item with discussion on how issues encountered throughout the study may have 
impacted the quality of the results. 

Reporting Units 

The reporting unit for the study was ug/L total mercury in blood. There were no issues with 
the reporting unit for sample results. 

All samples were analyzed using a calibration curve that covered the range of 
concentrations of total mercury found in patient samples.  

The range of results found in patient samples was 0.700 ug/L total mercury to 225 ug/L 
total mercury. 

The range of results found in the blank filter card associated with patient samples was 
0.700 ug/L total mercury to 3.93 ug/L total mercury. 

Instrument Detection Limit (IDL) 

The IDL was determined as 0.001 ug/L total mercury on 8/21/2009. 

A daily performance check along with internal standard intensities were monitored 
throughout the study to assure that the instrument was operating with sufficient sensitivity 
to quantitate patient samples and blanks as low as the reporting limit and to provide an 
estimate on results between the method detection limit and the reporting limit. 
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Preventive maintenance, including cleaning of the sample introduction system, the 
nebulizer, injector, and skimmer and sampler cones, was performed to assure that the 
analytical system was routinely optimized. 

Method Detection Limit (MDL) 

The method detection limit (MDL) is defined as the minimum concentration of a target 
analyte that can be measured and reported with 99% confidence that the concentration is 
greater than zero. For the procedure in use during the study, the steps to determine the 
MDL are found in 40 CFR Part 136, Appendix B. 

The MDL was determined prior to analyzing patient samples. A filter card was spotted 
with human blood spiked with a mixture of methyl mercury and inorganic mercury at a 
concentration of 2.13 ug/L and allowed to air dry overnight.  

Ten replicate samples consisting of two punches of blood spots for each replicate sample 
were carried through the entire analytical process on July 21-22, 2009. The MDL was 
calculated from the precision of the study using the Student’s t-test value for nine degrees 
of freedom multiplied by the standard deviation of the ten replicate total mercury values. 
The MDL was determined as 0.79 ug/L. 

At the conclusion of the study, we determined that the concentrations of the purchased 
stock methyl mercury standards used throughout the study were incorrectly assigned by the 
laboratory. This error was noted when a new standard was obtained from a different vendor 
and found to differ from the initial vendor’s concentration of methyl mercury by a value 
that was approximately 23% higher than attested to by the manufacturer of the initial 
vendor’s standard. After discussions with both vendors, and verification of both standard 
concentrations by another laboratory, we concluded that the error would affect the quality 
of the results of the study, and all data must be reprocessed. 

Intermediate and working standards prepared in the laboratory for the study consisted of a 
50:50 v/v mixture of the purchased methyl mercury standard and a purchased inorganic 
mercury standard. Therefore, the error that may have been present in the standards used in 
the MDL study due to the misrepresented methyl mercury standard is estimated to be up to 
11%. Six different lots of methyl mercury were used to quantify results throughout the 
study, including one lot which was used to determine the MDL. 

The manufacturer of the standard provided us with data, demonstrated at the time the 
standard was certified, indicating the correct concentration of mercury (as total mercury) in 
the methyl mercury standards used throughout the study. All data, including the MDL 
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study, have been reprocessed using the corrected concentration of methyl mercury in the 
stock calibration standards. 

The reprocessed data for the MDL study were used to recalculate the MDL. The MDL 
should have been reported as 0.70 ug/L total mercury in blood. 

Patient samples were reported as estimated values if their observed total mercury 
concentration was between the MDL of 0.70 ug/L and the reporting limit (RL) of 2.13 ug/L 
total mercury. 

No other issues were encountered with the MDL study. 

Reporting Level Verification (RLV) 

The reporting level (RL) is defined as the lowest concentration of a target analyte that can 
be reliably measured within specified limits of precision and accuracy, during routine 
laboratory operating conditions. The report level is verified with each analytical run to 
demonstrate that the reporting level is valid within the analytical run.  

For the project, defined limits for the reporting level verification (RLV) standard were not 
agreed on in the QAPP; however, the laboratory has an established guideline that the 
percent recovery of the RLV standard must fall within ± 40% of the true value. 

The RLV was prepared by spotting a filter card with human blood spiked using a 50:50 v/v 
mixture of methyl mercury and inorganic mercury equivalent to a concentration of 2.42 
ug/L when two card punches were analyzed together. The spotted cards were allowed to air 
dry overnight prior to storage for use in the study.  

The concentration error found in the methyl mercury standards described above affected 
the values initially reported to you. Two different lots of methyl mercury were used to 
produce the RLV standards for the entire study. One lot was used from December 23,2009 
to April 30, 2011 and was made from the same lot of standard as was used to produce the 
calibration standards on December 23, 2009. Using the corrected concentration for methyl 
mercury provided by the vendor, the concentration in the RLV standard for this lot is 
equivalent to a concentration of 2.13 ug/L total mercury when two card punches were 
analyzed together. 

The other lot was used from March 1, 2011 to the conclusion of the study and was from a 
different lot than that used for the calibration standards. Using the corrected concentration 
for methyl mercury provided by the vendor, the concentration in the RLV standard for this 
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lot is equivalent to a concentration of 2.21 ug/L total mercury when two card punches were 
analyzed together. 

All data, including the RLV standards, have been reprocessed using the corrected 
concentration of methyl mercury in the stock calibration standards. 

Initially, and through April 2010, the RLV standard was analyzed twice per analytical run, 
although the QAPP requirements for only one RLV check per analytical run. After April 
2010, the RLV was analyzed once per analytical run. Ninety-five RLV determinations were 
analyzed throughout the study. 

Patient samples were reanalyzed in another batch or qualified whenever the RLV standard 
did not fall within the lower control limit (LCL) of 60% recovery and the upper control 
limit (UCL) of 140% recovery.  

Of the 1496 patient samples analyzed, 98 samples (7% of all samples analyzed) were 
qualified due to a high recovery of the RLV standard and 19 samples (1% of all samples 
analyzed) were qualified due to a low recovery of the RLV standard. 

The chart below indicates the recovery of the RLV standard throughout the course of the 
study. 
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The exact cause of the shift in RLV recovery after March 1, 2011 is not understood. The 
standard material used to produce the second batch of RLV standards, when analyzed 
without spotting the sample onto the card, also produced a slightly high bias of about 12%. 

Calibration Verification (CVS) 

The instrument was calibrated every day of use with an aqueous blank and five standards 
of increasing concentration from the reporting level to approximately 48 ug/L total 
mercury. The standards were prepared in water, acid, and diluent using a 50:50 v/v mixture 
of methyl mercury and inorganic mercury. 

The concentrations of the calibration standards were incorrectly assigned at the time of 
analysis, but were adjusted prior to reprocessing all sample data to reflect the true 
concentrations of the mercury standard lots used during the study. The corrected values of 
the five calibration standards differed slightly in total mercury concentration with each 
change in lot of methyl mercury standard. Therefore, the calibration range was not 
consistent for the entire study, but varied slightly from lot to lot. 
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Calibration verification standards (CVS) at three levels (low, medium, and high) were 
prepared from the same lots of standards as those used to prepare the calibration standards. 
Patient samples were bracketed by CVS pairs and the average of the pairs were used to 
evaluate the on-going acceptability of the calibration. 

The concentration error found in the methyl mercury standards described above affected 
the CVS-low, CVS-medium, and CVS-high standards as well. All CVS data was 
reprocessed, taking into account the changes in concentrations from lot to lot.  

The following charts show the observed values for the CVS-low, CVS-medium, and CVS-
high standards for the entire study. Each data point represents the average of the CVS pairs 
for the analytical run. 
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The CVS-medium and CVS-high standards showed a bias of up to 10% for much of the 
study. 

We have not been able to determine the exact cause of this bias. We suspect that some of 
the bias could be attributed to the mechanical pipet used to prepare the CVS-medium and 
the CVS-high verification standards along with the highest calibration standard. All other 
standards were prepared using a 1000 uL adjustable pipet. The pipet used to make the CVS 
standards in question is adjustable up to 5000 uL and is calibrated by an outside calibration 
company every six months. Calibration data for the 5000 uL pipet was reviewed, and the 
data shows that the pipet met the accuracy of 2.5% and the precision criteria of 1.0%. 
However, there is an indication that for three of the four calibration events during the study 
a possible 1% high accuracy bias may have been noted. This is not sufficient to ascribe the 
high bias in the CVS standards, but it may have been a contributing factor. A similar 
investigation of the 1000 uL adjustable pipet has not been performed. 

Quality Control Sample (QCS) 

The QCS was used throughout the analytical run to demonstrate that mercury could be 
extracted from blood. The material used in the QCS is a NIST standard reference material 
(SRM) of bovine blood at a concentration of 31.4 ± 1.7 ug/L total mercury. 

At the outset of the project, the laboratory did not have experience with how well mercury 
would be extracted from either whole blood or blood that had been spotted onto cards and 
then dried and carried through the entire analytical procedure. The acceptance criteria 
published in the QAPP of 80-120% recovery were selected based on acceptance criteria 
recommended in EPA methods for metals in water matrices. 
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The following graph demonstrates the extraction efficiency for total mercury in the QCS 
for the entire study. The average recovery of the QCS was 86%. Using all of the data 
collected the recovery of QCS limits are calculated, using the average ± 3-sigma, as 70-
101%. 

Patient samples were reanalyzed in another batch or qualified whenever the QCS standard 
did not fall within the lower control limit (LCL) of 80% recovery and the upper control 
limit (UCL) of 120% recovery.  If insufficient sample remained to reanalyze the samples, 
the results were qualified. 

Of the 1496 patient samples analyzed, 248 samples (17% of all samples analyzed) were 
qualified due to a recovery of the QCS outside the 80-120% acceptance limits. 

Laboratory Control Sample (LCS) 

The LCS was used throughout the analytical run to demonstrate that mercury could be 
extracted from dried blood spots. The material used in the LCS is the same NIST standard 
reference material (SRM) of bovine blood used for the QCS at a concentration of 31.4 ± 
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1.7 ug/L total mercury. The difference is that the LCS was spotted onto cards, allowed to 
air dry, and hand punched into the well plate for analysis. Unlike the QCS, each LCS was 
analyzed in duplicate, using a separate set of 2 punches into another well, to obtain 
precision data (see discussion below). 

LCS Accuracy 

At the outset of the project, the laboratory did not have experience with how well mercury 
would be extracted from either whole blood or blood that had been spotted onto cards and 
then dried and carried through the entire analytical procedure. The acceptance criteria 
published in the QAPP of 80-120% recovery were selected based on EPA methods for 
metals in water matrices. 

Of the 1496 patient samples analyzed, 907 samples (60% of all samples analyzed) were 
qualified due to a recovery of the LCS outside the 80-120% acceptance limits. 

The following graph demonstrates the extraction efficiency for total mercury in the LCS 
for the entire study. The average recovery of the LCS was 81%. Using all of the data 
collected, the recovery of LCS limits are calculated, using the average ± 3-sigma, as 64-
98%. 
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LCS Precision 

Duplicate LCS samples were included in each batch of patient samples analyzed in order to 
evaluate the variability of the analytical procedure. The acceptance criteria for LCS/LCSD 
precision was 20%. 

Two instance were noted where the precision for the LCS/LCSD pair did not meet the 
criteria. Of the 1496 patient samples analyzed, 40 samples (3% of all samples analyzed) 
were qualified due to RSD of the LCS greater than the 20% acceptance limits. 

The following graph demonstrates the precision for total mercury in the LCS for the entire 
study. The average RPD of the LCS/LCSD pairs was 6.4%. 
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Reference Sample (RS) 

Reference samples (RS) were used to assess the transport and storage of patient samples 
from three separate state’s newborn screening programs. 

Reference samples were made from the same standard reference material used for the LCS; 
however, the reference material, after being spotted onto cards in the laboratory, were 
submitted in bulk to each of the newborn screen programs from the three states. Newborn 
screening personnel used the cards to insert RS samples among the patient samples as if 
they were authentic patient samples.  

The knowledge of which samples constituted the RS is not known to the laboratory, 
therefore, I am unable to assess whether the frequency of submission was adequate or 
whether the 80-120% acceptance limit was consistently reached.  

Internal Standard (IS) 

Internal standards were added to each standard, blank, patient sample, and method blank. 
The response for IS was generally very consistent over the course of an analytical run. The 
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only data that was impacted by an IS that did not meet the criteria of ± 50% of the average 
response of the IS in the five calibration standards were those samples or standards that 
failed to inject due to instrument malfunction. 

Patient samples were reanalyzed in another batch whenever the IS did not fall within the 
limit. A few patient samples did not have sufficient sample remaining and those samples 
were dropped from the study. 

Aqueous Blank (AB) 

Aqueous blanks (AB) were used to assure that reagents were not contaminated with 
mercury or that carryover of higher levels of mercury was not occurring between the 
highest calibration standard or LCS and patient samples. 

Of the 78 batches of samples with reportable results, only one batch (MN-43B analyzed on 
March 24, 2011) had an AB preceding a patient sample that exceeded the MDL of 0.7 ug/L 
total mercury. The sample immediately after the high AB was observed below the MDL, 
therefore, no impact on data quality can be attributed to the AB in question. 

Method Blank (MB) 

For each patient sample punched from their blood specimen spotted onto a filter card, a 
blank area of the card was also punched to use as a method blank. The method blanks were 
processed in a manner identical to the associated patient samples. 

Of the 1496 method blanks analyzed, no method blanks were observed with mercury 
values over the reporting limit (RL).  Sixteen method blanks (1% of blanks analyzed) were 
estimated to be between the MDL and the RL. Of the sixteen method blanks with low 
levels of total mercury, only seven (less than 1% of samples analyzed) were observed with 
mercury values in the blank card punches while those of the accompanying patient sample 
were free of mercury.  

Field Duplicate (FD) 

Field duplicates (FD) consisted of spots punched in duplicate of patient samples. The well 
plates arrived with the duplicate samples in place. 

Eighty FD pairs were analyzed in the course of the project. Seven of the FD pairs were 
observed over the reporting level (RL). One pair of FD (MN-0620) failed the precision 
limit of 20% relative standard deviation (RSD) with its RSD calculated at 21%. The patient 
sample result was qualified. All other FD pairs met the criteria for precision. 
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The 73 FD pairs that were observed below the RL but over the MDL met the criteria for 
precision, meaning that the results were within ± RL. 

Laboratory Duplicate (LD) 

At the time that the QAPP was written, the laboratory expected to receive eight dried blood 
spots for each patient and sixteen for the FD pairs. Thus, sufficient sample would have 
been available to perform the laboratory duplicates (LD) described in the QAPP. 

However, as the newborn screening laboratory personnel started to punch samples for the 
study it became evident that there was insufficient sample to provide the number of spots 
initially agreed on. At about the same time, the laboratory switched to using 96 well plates 
allowing the Research Scientist to scale down the extraction volumes and use fewer blood 
spots for analysis. This allowed patients for which slightly smaller amounts of blood spots 
remained on the cards to be included in the study.  Hence, the laboratory was provided only 
four dried blood spots for each patient and eight for the FD pairs, which was only enough 
spots for two analytical runs. The LD procedure was modified from the outset of sample 
analysis. 

To replace patient samples as the LD, the laboratory substituted dried blood spots of past 
PT samples at two separate concentrations, 5.36 ug/L and 15.9 ug/L. The PT samples were 
spotted onto cards, allowed to air dry, and hand punched in duplicate into the well plates. 
One of PT samples was analyzed at the beginning of the analytical run and the other was 
analyzed at the end of the run. 

The table below summarizes the results. 

PT Sample ID Assigned Value 
(ug/L total 
mercury) 

Number 
analyzed 

Average 
Recovery 

Average 
RSD 

0948 15.9 92 92% 6.8% 
0949 5.36 93 84% 8.8% 

There were no issues impacting data quality with the LD-substituted PT samples. 
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A8. Special Training Requirements/Certification 

All laboratory personnel, including those involved with sampling, performed their functions for the  
project as expected. There were no training issues that could be identified which may have  
impacted the quality of the results.   

The Research Scientist responsible for the mercury analysis participated in proficiency testing (PT)  
programs through the Centers for Disease Control and Prevention (CDC) for which she analyzed  
challenge samples for mercury in human blood (whole blood) throughout the time frame of the  
mercury in dried blood spot project.  
There were no issues stemming from the analysis of the PT samples as noted in the following  
table.  

PT Study Study Closing Date Number of Challenge 
Samples 

Evaluated as 
Acceptable 

2009-03 9/23/2009 10 100% 
2010-01 2/19/2010 5 100% 
2010-02 6/11/2010 5 100% 
2010-POP 
(unannounced PT) 

9/15/2010 10 100% 

2010-03 10/22/2010 5 100% 
2011-01 2/11/2011 5 100% 

A9. Documentation and Record 

All records required in the QAPP were maintained, including laboratory notebooks, instrument 
(raw) data files, and final processed data.  

Reports were provided to you as the samples were analyzed. However, due to the error in standard 
concentration of methyl mercury, all reported values were amended and reported in one report. 

A final data report for all samples consisting of the amended values was provided to you by the 
Research Scientist on June 27, 2011. The report contained all of the data required for patient 
samples and included a tabulated summary of quality control determinations by batch. 

Project data will be maintained in the laboratory for one year and for the additional nine years in 
an off-site record storage location. Electronic data will be maintained in the laboratory and will be 
retrievable for the full 10-year retention period. 
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Section B. Data Generation and Acquisition 

Sections B1 through B3 are not included in the review since these sections were out of the control 
of laboratory personnel. A discussion on Sections B4 through B10 follows. 

B4. Analytical Methods Requirement 

Several revisions of the laboratory’s analytical method were produced during the course of the 
project. The table below summarizes the substance of the revisions. 

Revision Revision Date Revision History 
A February 28, 2008 Initial release 
B June 28, 2008 Fixed typos, added more procedural details   
C November 26, 2008 New autosampler 
D June 11, 2009 Changed number of punches, volumes, and 

move to 96-well plates 
E February 7, 2011 Corrected internal standard and wording 

Although there were several changes to the documented standard operating procedure, all samples 
were analyzed using the same equipment and source of supplies throughout the project. Therefore, 
it is my judgment that the revisions to the analytical method did not affect the quality of the 
reported results. 

B5. Quality Control Requirement 

The previous section describes in some detail the specific challenges encountered in the study. The 
fact that the QCS and LCS determinations did not meet the 80-120% acceptance limits is a 
reflection more on the selection of acceptance limits that are based on aqueous matrix analyses, 
which are considerably less challenging than a blood-based matrix, than on the ability of the 
method and the laboratory to extract and quantify total mercury in dried blood spots. 

Overall, in my opinion, the measurement quality objectives of the project were met and the data 
fits the purpose of the study as defined in the QAPP.  

Sample Collection Quality Control 

At the time that the QAPP was written, the expectation was that samples would be punched 
by hand. Due to the demanding effort for the newborn screening personnel, hand punching 
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the samples was abandoned after about 100 samples and replaced with automated 
punching. There was no significant difference between the two sampling methods. 

Filter blank cards do not appear to contribute appreciable levels of mercury to the sample 
results. 

Precision data of field duplicates (FD) support the assumption that there was good 
distribution of blood specimens on the card and the punching devices produced consistent 
punch spot size. 

Pre-populated chain-of-custody forms appeared to enhance the accuracy of sample 
collection, since no discrepancy was found between sample documentation and chain-of-
custody forms upon arrival at the laboratory. 

Analytical Quality Control 

Precision: Field duplicates indicated good precision, with only one sample exceeding the 
limit of ±20% RSD. 

Accuracy: The percent recovery of some of the QCS and more of the LCS samples were 
not within the established limits of 80-120% recovery. 

During the course of the study, the Research Scientist, the Inorganic Chemistry Unit 
Supervisor and myself investigated many factors that may have improved on the recovery 
of the QCS and LCS samples. The conclusion we have drawn is that the extraction 
efficiency of mercury from both whole blood and dried blood spots is less than we initially 
predicted. 

Background Assessment: The low system background determinations (AB and MB 
samples) indicate little problem with background for mercury in the analytical procedure or 
the blank filter paper above the MDL, much less the RL. 

Sensitivity: The IDL, MDL, RLV, and IS were all used to assess the sensitivity of the 
instrument. Preventive maintenance was used to assure that the ICP-MS was optimized. 
Careful attention by the Research Scientist to cleaning the sample introduction apparatus 
allowed adequate sensitivity to be maintained for the project. 
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Completeness: The following table summarizes the completeness  

Element of Valid Sample # Valid / # Received % Valid Samples in Study 
Arrived to lab intact 1500 / 1500 100% 

Had sufficient quantity 1496 / 1500 98% 
Chain-of-custody form complete 1500 / 1500 100% 
All QC acceptance criteria met, 

including 80-120% for QCS & LCS 
500/ 1500 33% 

Clearly the laboratory did not meet the goal of 96% completeness, due to the inability to 
meet the 80-120% recovery of the QCS and LCS samples.  

As stated earlier, I believe that, had the laboratory had experience with the extraction 
efficiency of mercury using the analytical method prior to providing the acceptance criteria 
contained in the QAPP, we would not have provided such stringent limits.  

Representativeness: There is a lack of data to assess the representativeness of the samples; 
however, the precision data of the field duplicates support that the samples were 
homogeneous within the spots tested. 

Comparability: The laboratory’s data is not being compared against another laboratory’s 
data. 

B6. Instrument/Equipment Testing, Inspection, and Maintenance Requirements 

Instruments and equipment were inspected and maintained as required in the QAPP.  

There were no specific issues that may have affected the quality of the data with the test equipment 
encountered, other than those described in detail above.  

B7. Instrument/Equipment Calibration and Frequency 

The calibration routine described was followed; however the second-source calibration verification 
was conducted with a different lot of standard from the same vendor. This practice was used 
because it was not possible to find a second-source and traceable standard from another vendor 
until just prior to the conclusion of the study. 

Due to a misunderstanding of the vendor’s certificate of analysis on the laboratory’s part, the 
methyl mercury standard was erroneously ascribed to be 1000 ± 5 mg/uL as methyl mercury, 
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rather than as methyl mercuric (II) chloride. Our mistake stemmed from the certificate not clearly 
stating the form of mercury certified, as well as the fact that the standard was in a liquid form, not 
a salt form. 

This error impacted the quality of the results; however, the data was recalculated and we are 
confident that the results are valid. 

B8. Inspection/Acceptance of Supplies and Consumables 

Supplies and consumables were tested prior to use and were found to be suitable. No issues were 
encountered that may have impacted the quality of the results. 

B9. Non-direct Measurements 

There are no data required from non-measurement sources for the project. 

B10. Data Management 

During the course of the study, the laboratory changed its LIMS data system. To date, the data has 
not been transferred from the old LIMS to the new LIMS, but the laboratory is discussing on how 
to proceed with the transfer. 

There were no other data management issues during the study. 
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Conclusion 

In my opinion and to my best ability, I confirm that the data for this study were accumulated, 
transferred, reduced, calculated, summarized, and reported correctly. 

I recommend that all the 1496 patient sample results be included in the data decision-making 
process, despite a large percentage of the QCS and LCS data failing to meet the 80-120% 
acceptance limits. The validity of accepting the qualified data is based on the assumption that the 
extraction efficiency of patient samples is similar to that of the LCS. 

Please let me know if you have any questions or concerns with the issues in this report or any other 
issues regarding the laboratory’s role in the study. 

SSS 
cc:  Betsy Edhlund, Research Scientist 2, PHL 

Jeff Brenner, Inorganic Chemistry Unit Supervisor, PHL 
Paul Moyer, Environmental Laboratory Manager, PHL 
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DATE: July 28, 2011 

TO: Patricia McCann, Principal Investigator and Project Manager 
Environmental Health Division 

FROM: Suzanne Skorich, Quality Assurance Officer 
Public Health Laboratory Division (PHL) 

PHONE: (651) 201-5304 

SUBJECT:  Quality Assurance Review of Mercury Data – Supplement I to Final Report 
Mercury Levels in Blood from Newborns in the Lake Superior Basin 
GLNPO Study ID 2007-942 

On June 30, 2011, you asked me to expand on the information I sent to you in my memo of June 
30, 2011 designated “Quality Assurance Review of Mercury Data –Final Report Mercury Levels 
in Blood from Newborns in the Lake Superior Basin, GLNPO Study ID 2007-942.” 

Additional information is provided on the following topics: 
1.  the linearity of the instrument for the range of sample concentrations observed; 
2.  charts of the observed values of calibration standards similar to those provided for CVS 

data; and 
3.  a discussion on weaknesses of the method and/or areas of the analytical aspects of the 

study that could be adjusted in order to improve future use of dried blood spots as a matrix 
for quantitative mercury analysis. 
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Linear dynamic range 

One advantage for using the ICP-MS is its wide linear dynamic range, that is, the range over which 
the response of the instrument is linear with respect to analyte concentration. The slope of the line 
defined by the standards is proportional to the concentration in the standards. The unknown sample 
is run and its signal intensity is plotted against the curve to determine the concentration. 

Prior to the start of the project, the Research Scientist that developed the method demonstrated 
linearity from the reporting limit of  0.046 ug/L to 5 ug/L total mercury, which corresponds to 
concentrations of 2.23 ug/L to 242 ug/L total mercury when analyzing two punches of dried blood 
spots, as was done in the project. 

To demonstrate that the linearity was maintained throughout the course of the study and to 
demonstrate that the curve used to verify the high results was valid, the graph below was compiled 
using all calibration standards of the study. 

Each daily calibration standard was reprocessed individually using the calibration curve produced 
on the day of analysis, then all of the observed values were plotted against the expected (true) 
value of the standard. There were 78 calibration data points for each of the five standards used 
routinely during the project and one data point for each of the six standards used to verify the high 
results. 
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Standard Concentration 
(ug/L total Hg) Number of data points 

Standard 1 
0.0455 62 
0.0458 10 
0.0461 6 

Standard 2 
0.0683 62 
0.0687 10 
0.0691 6 

Standard 3 
0.0911 62 
0.0915 10 
0.0922 6 

Standard 4 
0.456 62 
0.458 10 
0.461 6 

Standard 5 
0.911 62 
0.915 10 
0.922 6 

A similar graph to the one for all standards regarding linearity is presented below for the 78 data 
points for each of Standards 1 – 5. 
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A perfect correlation (R2 value of 1.0 and the equality of the line being y=x) would demonstrate 
perfect linearity. While not perfect, this graph also indicates very good linearity of the composited 
values over the course of the study. 

Charts of Calibration Standards 1 – 5 

The following charts show the observed values for the five calibration standards for the entire 
study. Each data point represents the value calculated from the curve when the standards were 
individually reprocessed. 
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Weaknesses of the method / areas of improvement 

1. Standard Reference Material – availability of NIST-traceable materials 

A prominent weakness of the method could be attributed to the laboratory’s inability to 
obtain reference materials from more than one vendor. 

The SOP indicates (Sec. 9.2.1) that calibration standards must always be traceable to the 
Nation Institute for Standards and Technology (NIST); however, the methylmercury 
standards obtained throughout the course of the study were not NIST-traceable. No other 
vendor could be found for the purchase of methylmercury standards. 

Additionally, the laboratory misinterpreted the certificate of analysis provided by the 
vendor which caused the laboratory to ascribe an incorrect value for the methylmercury 
standard. Although this vendor’s methylmercury standards are used in other Center for 
Disease Control and Prevention methods, when writing the initial release of the Mercury in 
Blood Spots by ICP-MS procedure, the MDH laboratory failed to address the need to 
convert the methylmercury chloride value to methylmercury. 
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Improvements: 
x  The laboratory’s SOP should be revised to include the calculations necessary to 

convert the methylmercury chloride standard to methylmercury. 
x  Two vendors of NIST-traceable reference materials should always be used. 
x  The laboratory’s SOP should be revised to include criteria for comparing the two 

vendor’s standards. 

2.  Standard Reference Material – ratio of methylmercury to inorganic mercury 

A 50:50 ratio of methylmercury to inorganic mercury was selected for calibration standards 
for the laboratory’s methodology, without understanding how the mixture of the inorganic 
and organic forms of mercury would be extracted from dried blood spots. 

Improvements: 
x  Further studies should be conducted to determine the extraction efficiencies of 

inorganic mercury, methylmercury, and varying ratios of the two. 

3.  Calibration Verification Standards – biased results evidenced 

The calibration verification standards, despite being made from the same material as the 
calibration standards, indicated a high bias at the mid-level and high-level concentrations. 
No conclusive reason could be found to explain the high bias. 

Improvements: 
x  Further studies should be conducted to assess all factors which might contribute 

to the high CVS bias. 

4.  Patient Samples – insufficient knowledge of volumes available prior to study’s start 

After initial estimates by the Newborn Screening Section staff on the availability of  
residual blood spots, it became evident that fewer “acceptable” spots were actually  
available on the cards of patients who qualified to be in the study.  

Improvements: 
x  Future studies should be optimized to use two or fewer blood spots. 
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5.  Punching Devices – insufficient attention to effort needed to hand punch samples 

After initial estimates by the Newborn Screening Section staff on the effort it would take to 
punch residual blood spots by hand, it became evident that the staff of the Newborn 
Screening programs in the three states would not be able to fulfill their part of the study 
unless machine-punched specimens could be used. 

Improvements: 
x  Future studies should be optimized to use machine-punched specimens. 

6.  Extraction Efficiency – lack of familiarity prior to study’s start 

Prior to analyzing samples, the laboratory intended to process samples by using four blood 
spots, 500 uL of diluent, and 450 uL of 2% hydrochloric acid. 

As patient samples meeting the criteria for inclusion into the study were found to have 
insufficient blood available on the cards, the decision was made to decrease the number of 
blood spots and also to decrease the volume of reagents to maintain the method detection 
limit. Two blood spots from patient samples were analyzed in 150 uL of diluent and 150 
uL of 2% hydrochloric acid. 

The exact effect this reduced volume methodology on the ability to extract the mercury 
from blood spots was not known prior to presenting the measurement quality objectives 
(MQOs) for approval. 

In addtion, the MQOs were not based on a knowledge to extracting mercury from blood 
specimens, but rather from extracting mercury from aqueous samples. The assumption that 
the extraction efficiencies would match up well proved to be incorrect. 

Improvements: 
x  The extraction efficiency of known reference materials should be well studied 

prior to analysis of patient samples. 
x  The laboratory’s SOP should be revised to reflect the true extraction efficiencies 

noted during the study. 
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Please let me know if you have any questions or concerns with the issues in this report or any other 
issues regarding the laboratory’s role in the study. 

SSS 
cc:  Betsy Edhlund, Research Scientist 2, PHL 

Jeff Brenner, Inorganic Chemistry Unit Supervisor, PHL 
Paul Moyer, Environmental Laboratory Manager, PHL 
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DATE: November 29, 2011 

TO: Patricia McCann, Principal Investigator and Project Manager 
Environmental Health Division 

FROM: Betsy Edhlund, Research Scientist 
Public Health Laboratory Division (PHL) 

PHONE: (651) 201-5302 

SUBJECT:  Quality Assurance Review of Mercury Data – Supplement II to Final Report 
Mercury Levels in Blood from Newborns in the Lake Superior Basin 
GLNPO Study ID 2007-942 

This Supplement II to the Final QA report discusses any discrepancies from previous QA reports. 

Additional information is provided on the following topics: 
1.  Specific errors from previous reports 
2.  Statements on accepting certain sample batches 
3.  A discussion on the relationship between aqueous-based and bloodspot mercury  

concentrations  
4.  A discussion on the recalculation of data based on the misrepresentation of the methyl 

mercury standard 
5.  A discussion regarding method improvements and weaknesses 
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Discrepancies from Final QA Report 

The fourth paragraph on page 4, in the section on the reporting level verification, contains 
an incorrect date: April 30, 2011 should be changed to March 1, 2011. The sentence should 
read: One lot was used from December 23, 2009 to March 1, 2011 and was made from the 
same lot of standard as was used to produce the calibration standards on December 23, 
2009. 

In the fourth paragraph on page 5, the number of samples qualified due to a low recovery 
of the report level verification standard is incorrect. It should read: Of the 1496 patient 
samples analyzed, 98 samples (7% of all samples analyzed) were qualified due to a high 
recovery of the RLV standard and 80 samples (5% of all samples analyzed) were qualified 
due to a low recovery of the RLV standard. 

On page 13, under the section describing the method blanks, there is an incorrect statement. 
It says that no method blank was observed with mercury concentration above the reporting 
limit. This is not true. There was one sample with a method blank of 3.93 µg/L, MN-0526. 
This sample was analyzed twice. The first analysis showed a method blank of < 2.13 µg/L, 
or below the reporting limit. However, the sample contained 66.6 µg/L mercury, which was 
outside of the calibration curve, and was therefore reanalyzed with an extended calibration 
curve. With the extended calibration curve, the sample had a mercury concentration of 
66.9 µg/L and a method blank of 3.93 µg/L. Since the sample concentration is more than 
10x the amount found in the blank and the blank concentration is below the low standard 
used for that batch (4.46 µg/L), the result was considered valid and reported. 

Review of Batch MN-10 

There is a discrepancy between the RLV reported for batch MN-10 and what was written in 
the QA report #1. The initial report states that the batch had a low RLV recovery (57%), 
when the actual reported recovery should be listed as 67%. Initially, and through April 
2010, the RLV standard was analyzed twice per analytical run, although the QAPP 
requirements for only one RLV check per analytical run. After April 2010, the RLV was 
analyzed once per analytical run. For the batched that were analyzed with two RLV checks, 
the first RLV analyzed was reported. For batch MN-10, the second RLV was reported in 
the QA report instead of the first, which was within the QA limits. 
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New CVS Limits for Accepting MI-01 and MI-02 

New standards were prepared on October 4, 2010. These new standards were used to 
analyze batches MI-01 and MI-02 on October 6 and 7, 2010, respectively. The continuous 
calibration verification samples did not meet the acceptance criteria. All further batches 
were halted and new acceptance criteria limits were established for the new lot of material 
used on November 5, 2010. Batched MI-01 and MI-02 were then deemed acceptable based 
on the new CVS limits and the results were reported. 

Accepting Samples Based on CVS Failures 

The calibration curve for each batch was verified through the use of calibration verification 
standards (CVS). Each batch contained three sets of CVSs at three levels (low, medium, 
and high). Patient samples were bracketed by CVS pairs and the average of the pairs was 
used to evaluate the acceptability of the calibration. During the course of the study, the 
results from a handful of batches were not initially reported due to CVS failure. All 
rejected samples were held until the completion of the initial analysis of every sample 
before reanalysis. Before reanalysis was started, each of the rejected data was reviewed. It 
was determined that for batches with a partial calibration verification, sample results falling 
within the verified portion of the calibration would be reported and qualified. Samples 
falling outside of the verified portion were reanalyzed. An example would be a batch with 
the low and medium CVS passing and failing high CVS. In this case, any samples with a 
concentration below the medium CVS level would be qualified and reported and any 
samples above the medium CVS would be reanalyzed. The QAPP for this project should 
have been revised to include this data rejection amendment. 

Accepting Samples Based on QCS/LCS Recoveries 

The acceptance criteria published in the QAPP for both the QCS (NIST standard reference 
material for mercury in blood) and the LCS (NIST SRM spotted onto filter paper cards) is 
stated as 80 – 120% recovery. Initially, any batches with QCS and/or LCS recoveries 
falling outside this range were to be reanalyzed. Throughout the study it was determined 
that the average percent recovery for the QCS was 86% and 81% for the LCS. Using the 
average ± 3-sigma, a new acceptable range for each of these standards was developed: 70 – 
101% for the QCS and 64 – 98% for the LCS. These new limits take into account the 
extraction efficiency of the method. It was decided that any batches with QCS and LCS 
recoveries that would have failed the QAPP guidelines while passing using the 3-sigma 
ranges would be reported and qualified. Any samples with corresponding QCS and LCS 
outside of the 3-sigma ranges would be reanalyzed.  
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Concentrations in Blood versus Aqueous Standards 

The calibration curve standards, blanks, and continuous calibration verification (CVS) 
samples were aqueous-based. All results reported from the instrument were based on the 
concentrations of these aqueous-based samples. To convert a concentration from aqueous-
based to the amount of mercury found in the blood, the following formula is needed: 

Hg concentration in blood = aqueous-based concentration (µg/L) x volume in well-plate (µL) 
volume of blood in two bloodspot punches (µ/L) 

Hg concentration in blood (µg/L) = aqueous-based concentration (µg/L) x 300 µL 
6.2 µL 

Recalculation of Data Based on Misrepresentation of Standard Concentration 

All of the reported sample concentrations were recalculated due to a discovered 
discrepancy between the actual concentration of methyl mercury and the presumed 
concentration from the certificate of analysis in each lot of standard used throughout the 
study. This discrepancy arose from our belief that the concentration listed on the certificate 
of analysis was the concentration of mercury, when in fact it is listed as the concentration 
of methyl mercury chloride. After obtaining the exact concentration of mercury for each lot 
of standard used from the manufacturer, each calibration curve, and subsequently each 
sample, was reprocessed to reflect the correct concentration of mercury present in each 
standard. This was accomplished by calculating the correct mercury concentration in each 
standard, entering that concentration into the method in the ICP-MS software, and 
reprocessing each batch of data against the newly determined calibration curve. This 
recalculation resulted in a change in the method MDL and report level. The revised MDL is 
0.70 µg/L and the report level was adjusted to 2.13 µg/L. Since two lots of methyl mercury 
standard were used to make the report level verification sample, the percent recoveries 
reported for the RLV are calculated based on which lot of material was used, for a true 
value of either 2.13 µg/L or 2.21 µg/L. 

Weaknesses of the method / areas of improvement 

There are a few weaknesses to this method with some areas for improvement, but there also 
are some strengths as well. One weakness is the availability of standards, both the methyl 
mercury standard and a certified reference material in a suitable concentration range. 
Having one vendor produce a methyl mercury standard is what lead to the discrepancy in 
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the reported concentration. If more vendors were available, two different sources of 
materials would have been used, and the discrepancy would have been discovered much 
sooner and accounted for from the beginning. There are now more vendors available, so if 
this method were to be used again, there would need to be a change in the SOP to require 
the use of two separate sources of material and to correct the vendor concentration to be 
that of methyl mercury, not methyl mercury chloride, as was our mistake. 

Also related to available standards, would be to find a certified reference material with a 
mercury concentration closer to that of the expected sample concentrations. In this case, the 
available SRM from NIST had a mercury concentration of 31.4 µg/L, which is well above 
the general concentrations observed in samples. However, there is a new SRM available 
from NIST that is certified for mercury at a concentration of 17.8 µg/L and has a reference 
value of 4.95 µg/L in another level. While these levels are still higher than most seen in the 
study, they are much closer than the original SRM. 

Another weakness of this method is the limited amount of sample that was available for 
use. This hindered the method in a couple of ways. First, the limited amount of sample 
greatly impacted the volume of sample that could be used for analysis. Currently, this 
method uses two bloodspot punches with a total blood volume of 6.2 µL. If more sample 
was available, this volume could be increased having a significant impact on lowering the 
method detection and reporting limits and allowing for more samples to be reported above 
the detection limit and without being estimated below the reporting limit.  

More available sample would also reduce the number of qualified samples. For this study, 
the laboratory received enough of each sample for two analyses. If there was a QA failure, 
there was only one more chance to reanalyze. Connected with this, is that every sample 
analyzed with a batch, the calibration standards, all QA samples, and patient samples, were 
prepared together, allowed to sit overnight and then analyzed. The upside to this approach 
is that every sample is treated the same way; they all sit in the same conditions and are 
filtered at the same time. The downside to this approach is that with this particular method 
the whole batch must be run with no chance to re-inject a sample. Each prepared sample is 
only enough volume for one injection and cannot be re-prepared for analysis with the 
current batch. While it seems that there are a high number of qualified results, they appear 
to be on-par with other methods run by the laboratory, the difference is that with those 
other methods there are other opportunities for reanalysis so that the QA issues get 
resolved. 

While this method has its challenges, it is also very consistent. In general, the recoveries 
for the report level verification standards, the QCS, LCS, and reference samples all were 
very consistent over the course of the study, approximately 1 ½ years. Also, with such a 
limited amount of sample, this method may be better suited for a qualitative, screening-
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type study in which the researcher is looking for elevated levels of mercury and is 
unconcerned with baseline concentrations. A follow-up analysis could then be performed 
using a whole blood sample collected from the exposed individual. 

Please let me know if you have any questions or concerns with the issues in this report or any other 
issues regarding the laboratory’s role in the study. 

BLE 
cc:  Jeff Brenner, Inorganic Chemistry Unit Supervisor, PHL 

Paul Moyer, Environmental Laboratory Manager, PHL 
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