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3M Working Memorandum on Data Quality Assessment (of the Mean and Range ofPFOS (ppb) Levels in Current and Historical Human Populations)

‘This report documents Battelle's evaluation of the statistical quality and defensibility of

12 data sources ofserum perfluorooctanesulfonate (PFOS) levels found in non-

occupational human populations. These data were summarized in the 3M white paper,
"Perfluorooctane Sulfonate: Current Summary ofHuman Sera, Health andToxicology

Data" provided to the EPA in January, 1999. The purposeofthis initial collectionof

human non-occupational serum samples by the 3M Medical Department was to
determine the presence or absence of PFOS in human blood from current and historical

samples. 3M requested a review of these data by Battelle to determine what additional

inferences could be obtained by analyses ofthese data. Battelle statisticians felt that only

the pooled serum from the 18 U.S. blood banks was. judged defensible fora statistical

analysis. Ofthese data, the geometric mean PFOS blood level was 28.2 ppb (95%

confidence interval 23.9-33 3). Regional differences could not be explained without

additional data and analyses,
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WORKING MEMORANDUM
on

DATA QUALITY ASSESSMENT
by

Bruce Buxton, Warren Strauss, Owen Chang
BATTELLE

September 22, 1998

‘This report documents Battelle's evaluation to dateofthe statistical quality and defensibility of12 data sources presented by 3Mstaffwho suggested that these data sources might be used to. estimate blood levelsof perfluorooctanesulfonate (PFOS) in non-occupational humanpopulations. According to 3M, these data were collected to help address three discoveryquestions posed to the 3M Medical Department: (1)Is PFOS detectable in individual humanblood from a corporate-based 3M employee population known not to have worked in 3M.fluorochemical manufacturing plants (but knowledgeable about fluorochemicals)? (2) Is PFOSdetectable in general population pooled blood samples from different geographical locationsacross the United States? and (3) Is PFOS detectable in human blood which would have beencollected prior to the introduction ofPFOS-based chemicals into the marketplaceofthe generalpopulation? Subsequently, Battelle was asked whether any further statistically defensibleinferences could be derived from these data; this report addresses that question. In thisreportwe.(1) list important characteristics which data sets must have in order to support statisticallydefensible inferences, (2) judge each of 3M’s 12datasources against these criteria, and (3)statistically analyze the available data, where appropriate.
Our findings from this initial assessmentofstatistical data quality can be summarized in thefollowing points:

We suggest 12 criteria which define statistically defensibledatasources. Ofthe 12 datasources presented by 3M staff, no source was judged sufficient on all 12 criteria, and onlyone source, the 1998 pooled serum om US. blood banks (datasource A3), wasjudged> sufficient for subsequent statistical analysis.
* The 1998 pooled serum bloodbankdata indicated a national geometric mean PFOS bloodlevel of28.2 ppb with a 95% confidence interval of23.9 to 33.3 ppb. Significant regionaldifferences are apparent but cannotbe explained without additional data and analysis.
nc for Statist

In order to make statistically defensible conclusions from a set ofdata, several requirementsmust be met regarding designofthe study and implementation ofthe data collection effort. Eachofthese requirements can be associated with important quantitative assumptions underlying the‘numerical models which are used to make statistical inferences. In ourassessmenthere, weconsidered three different types ofestimation problems regarding PFOS blood levels which onemight want to consider: (1) temporal changes in PFOS blood levels overthepast severaldecades, 2) spatial trends in PFOS blood levels for various regions across the U.S., and (3)demographic trends in PFOS blood levels among various subpopulations inthe U.S, orworldwide. Table | summarizes 12 statistical requirements for data defensibility, and associateseach with the three typesofestimation problems listed above. Note in this table that the firs five1
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Table1. Statistica Requirements for Defasibe Quantitative Conclusions
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‘Tequirements are more general in nature and apply equally to all three typesofestimation
problems, while the last seven requirements apply more specifically to a different type of. estimation problem.

Assessmentof 12DataSources

On May 12, 1998, 3Mstafffaxed to Battelleatable listing 12data sourcestheybelievemight be
used to estimate PFOS blood levels in non-occupational human populations. This table has been
retyped as shown in Figure 1. Subsequently, 3Mstaff sent to Battelle electronic files with the
PFOS blood data they had available, as well as associated written documentation on the data
sources which they had. Based on this information, Battelle attempted, and was partially
successful, to obtain through literature searches more extensive documentation on these 12
studies. However, in many cases no additional written documentation could be found.

Given the informationsentto Battelle by 3M and other documentation Battelle obtained from the
literature search, Table 2 summarizes our assessmentofhow well eachofthe 12 data sources
‘meets each ofthe 12 defensibility requirements listed in Table 1. In Table 2, a “/” indicates
that the given data source seems to meet the associated defensibility criterion, while a “X™
indicates that the data sourcedoesnotmeet the criterion. This assessment by Battelle is based
solely on the written documentation we wereable to obtain, either from 3Morthe literature
review. In a large majorityofcases, no written documentation was found andso wecannot
judge whether the defensibility criteria are met by a data source, or not. In these cases, a “2” is

i. listed in Table 2. In some cases,noted as “v2”, documentation mayhavebeen found about the
initial study which collected the blood samples, but no documentation was availabledescribing
how particular subsamples were selected tobe sent to 3M. Also, insomecases we judged that a
given data source would be appropriate for addressing just one typeofestimation problem (i.c.,
temporal changes, spatial trends, or demographic trends), and so defensibility criteria for other
problems would not be applicable. These casesaredenoted bya“~" in Table 2. Table3 lists
more detailed notes about eachofthe data sources for those criteria where sufficient information
‘was found in the written documentation to warrant comment.

-
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Table 2. Overall AssessmentofDefensibility of12 Data Sources
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Table 3. Notes Regarding Defensibility of 12 Data Sources
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‘Table 3. Notes Regarding Defensibility of 12 Data Sources(Continued)

7. Detaled documentation - MRFIT 1s documented in Geary isen's8715/98 Teter and Tn marie Journalincluding JAMA. Vol. 235, No. @, Fb. 23, 1976, but subsamplig for SM is not documentos2. Defined target population The target populacion was man 3060 35.57 with musi rake fo heartdisesso
3. Unbiased sampling protocols ~ The sampling protocal selected cartsin charactrstcs, with mutiplescreonings4. Accurate explanatory information ~ Information sbaut the rina sample population was recorded, but noinformation about the pooled cabration samp is known
T.” Dotalod documentation — MRFIT is documented in Geary Olsen's 6/18/38 Teter snd Tn afiJourincluding JAMA, Vol. 235, No. 8, Fab. 23, 1976, but subsamping fo SM fs not decumentas~ 2. Defined target population - The target pogalaton was men aged 36-57 with mine Fase fo heartdivonse
3. Unbiased sampling protocols ~ The sampling protocol selected certain characteristics, with multiplescreenings4. Accurate explanatory information ~Information sbthe origina sample population was recorded, but noinformation about the pooled caibeston sample knowin
oT eySeanad oa we oro atonal(Cancor Inst, Vl. 85, No. 18, Sept 15, 1993, but subsamaling forSM na documented2. Defined target population - The targe population was ail the residents of Linsisn aged 40-69 withoutdebilitating diseaseso prior esophageal or stomach cancor3. Unbiased sampling protocols — The samplo sppewrs to be representative of the target population4. Accurate explanatory information ~ Information about the orina sample population wes sesarded, but nainformation about the individual sample is own -8. RFT noid 7985Detaled documentation  MRFIT is documented in Geary Olsen's 8/15/38 arr and 7 Fouoursincluding JAMA, Vol. Z35, No. 6, Fob. 23, 1976, but subsamping for SM isnot documenes2. Dafined target population The target poguleton was mon aged 35-67 with muse rake so heartdisosse

3. Unbiased sampling protocols ~ The sampling protocol selected crtain characte, with multiplescreenings4. Accurate explanatory information ~ Information abot the okginal sample population was recorded, but noinformation sbou the pooled caibraton samples known
~ 1. Detailed documentation —- The only documentation is in Geary Olsen's 8/15/98letter

The main conclusion from our overall assessmentofthe 12 data sources is that in most casesthere is simply not enough written documentation ofthe study design and sampling protocols toJudge whether the resulting data are statistically defensibl, oF not. In some cases (c., MRFIT)documentation is available on th original study under which an entire set ofblood saples wascollected, but no documentation is then available on how the subsampling was performed to sendsamples to 3M for chemical analysis. Iithe the original samplingorthe subsampling wasbiased, the the daa obtained by 3M will also be biased (i, systematically too igh of too ow).Given this ackofdocumentation, there is curently ltl, ifany,justification for statisticallynalyzing M's dataand presenting statistical conclusions. Pooling the data ross studies (0.5.to look for blood temporal, spatial, or demographic trends) is not recommended ‘because oftheWidely different study objectives and target populations among the studies,
Of all the data sources provided by 3M, probably the most defensibleforstatistical analysispurposes is the data set of 1998 pooled serum from U.S. blood banks (data source A3). Although6
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detailed written documentation is lacking, it does appear that the samples may have been
selected in an unbiased manner, at least within a, particular blood bank. We are concemed with
‘possible non-response bias potentially introduced by the large number ofblood banks
(approximatelyhalfofthose contacted) which declined to send 3M the samples they requested.
‘There are also potential biases resulting from the probable lack ofcontrol by each blood bankconceming the demographicsofthe donorsofthe samples which were sent to 3M. However,
‘recognizing these potential serious data deficiencies which limit our ‘ability to make valid
inferences, in the next section we have subjected the: resulting PFOS blood level data to a limited

- statistical analysis.

‘StatisticalAnalysisofBloodBankData
‘The recentlycollectedand analyzed pooled blood samples fromanindependentMinnesotaand17 geographically dispersed Red Cross blood banks have been combined to estimate a nationallyrepresentative mean PFOS (ppb) level. However, a varietyofassumptions are necessary,
including:

1) Each pooled sample is representative ofthe ‘regional population (i.c., each memberofthepopulation had an equal chanceofbeing representedinthe sample).

2) Bach pooled sample has a known numberofdonors, and each donor is represented equally inthe sample.

3) The sampling and analytical methods for ‘obtaining serum PFOS levels is the same across all
samples.

1t is unlikely that the samples obtained by 3M completely satisfy allofthe above assumptions.~ Also, the data have the following additional limitations:

1) The blood banks represent only those that donated blood—ie, cities where the blood bank(s)refused to participate hadnochanceofbeing representedin 3M’s sample. Furthermore, it isunlikely that the samples obtained from participant blood banks are representative ofthegeneral population in each geographic region. Rather, these samples are representative ofpeople who donate blood to the Red Cross.

2) Itis unknown how many donors are in each pooled sample, nor is it known how each donorwas selected.
3) Most ofthese samples came from Red Crossbloodbanks, so it is likely thosesamplingmethods arethesame. The Minnesota samplesprobablydo not have significantly differentmethods. As allofthe analysis was performedby 3M, theanalyticalmethods shouldbethesame.

Although these data may not satisfy allofthe assumptions detailed above,the following randomeffects model was used to estimate national geometric mean PFOS level:

“ In(PFOS;) = u +B; +5; where
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In(PFOSy) represents the natural-log transformed PFOS level associated with th ith pooledsample from the ith Blood Bark, exp(s) is the national geometric mean PFOS level, B, is thedifference (on the natural log scale) between the mean PFOS levelathe ith blood-bankand thenational mean, and e;i the residualerrorleft unexplainedbythemodel (the difference betweenthe individual sample PFOS measurements and the mean PFOS level a fs corresponding bloods bank). Itis assumed that B; follows anorma distribution with mean zero and variance huirienBlood Bus, and that ¢; follows a normal distribution with mean zero and variance ©WinBloodBank
Table 4 provides the estimates obtained from fting this modelto thedats. Table lst theindividual region geometric means which were found to fall outside the 95% and 99%confidence intervals for the overall geometric mean.

Table 4. Parameter Estimates for Blood Bank Data
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~ ‘The above results demonstrate that 12 of 18 blood banks had geometric mean PFOS levels thatPa side the 95% confidence interval constructed fo the estimated mation geosseogeatnS concentration. This highnumberofregional means fallin significantSeseenthe overall mean is aresultof thefact that there is significant variation between the geometric.
®
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‘mean PFOS concentrations observed at each blood bank. Itis possible that there are meaningful“ factors that can explain a portion of this variability. For example, the blood banks in
Minneapolis, MN, Lafayette, LA and Greeavile, SC may be located in close proximity to
industries that apply 3M products (such as carpet manufacturers), while Santa Barbara, CA,
Omaha, NE and Billings, MT may be isolated rom such exposure sources. However,
differences in the donor population at each blood bank may be another possible explanation forthe observed variability between blood banks. To investigate the reasons for these regional
differences, additional data analysis with more ‘explanatory information would be required.

Resamplingthe18BloodBanks

3M asked Battelle their opinionofthe statistical meritofresampling these 18 blood banks tohelp evaluate the uncertainty in PFOS blood levels within geographical locations, In the currentdata, there are variationsof 20 ppb or more between the minimum and maximum PFOS levels‘measuredindifferent pooled samples from the same geographical location.
Ifadditional information can be collected from the blood banks, Battelle recommends that the‘most beneficial data would be demographic information on the pooled samples which werepreviously sent to 3M. We suggest that it is most important a this point in time to beterunderstand the factors influencing the PFOS blood level variability. Collecting new blood. samples without demographic information would helpquantifythe variability one should expectfrom the 18 local populations, but it would not help explain the source(s)ofthat variability. Fordesigning efficient future sampling programs, we need to know how much variability to expect,‘but more importantly the major environmental, behavioral, nutritional, demographic,
socioeconomic, etc. factors that affect tha variabilitysothat wecan try to control these factors
(e.8., stratify by these factors) to obtain more accurate sampling results. A second concern withresampling these 18 locatioos is that they may constitute a biased samplingofthe general U.S.population. By taking more samples from thesc cities, we might be simply generating more
precise but highly biased estimates.
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