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1. Intr oduction

THIS IF A PRELIMIN ARY DRAFT— NOT FOR CITATION OR DISTRIB UTION

This reportcontainsresultsof the blood beryllium lymphocyte proliferationtest(LPT) 1

thatweredoneaspart of a studyof beryllium workers(BW)at theY-12 plant in OakRidge,

Tennessee.Thepurposeof theY-12 studywasto describetherisk of becomingsensitizedto

berylliumin thisgroupof workers.Resultspresentedherearelimited to LPTs( N=1117) that

weredonein thesamelot of ABi Serum(3040083).If an individual hadmorethatoneLPT,

only the resultsfor the FIRSTLPT were includein theseanalyses. SIs werecalculatedas

describedby Fromeet al [3]. Thisserumwasusedin over 95percentof theLPTsin theY-12

study. Of the1117LPTs1084werefrom theworkerpopulationand33werenonexposed(con-

trol) individuals. The resultsin this draft reportwerebasedon summarystatisticscomputed

by theORISElaboratory. Thepurposesof this reportarei) to presentgraphicalsummariesof

theSIs in original unitsandin logarithmicunitsusinghistograms,NormalQuantile-Quantile

(Q-Q)plots(alsoreferedto asNormalprobabilityplots),andboxplots,andii) to comparetwo

previously describedmethodsfor the identificationof an abnormaltest. Thr oughout this

report the expressionlog(x) representsthe natural logarithmic function, i.e., if y = log x

than x = exp(y).

Theresultsin ths reportwerepresentedat TheORISEAdvisory CommitteeMeetingfor

Beryllium WorkersSurveillanceProgram,November4, 1999.Thisdocumentandrelatedma-

terial canbeviewedathttp://www.csm.ornl.gov/
�
frome/vgLPT/TTLPT/

2. Identification of LPTs With Lar geSIs

This sectiondescribestwo approachesthathave beenproposedidentify an “abnormal”LPT.

Eachof thesemethodsusestheLAV estimates̃β j , j= 1,...,6,of the log(SI)s. Notethat β̃ j is a

statisticalshorthandfor theLAV estimateof the jth log(SI).

1Abbreviations used: AB,abnormal; Be,beryllium; BW,beryllium worker; CBD,chronic beryllium dis-
ease; ConA,concanavalin-A; CV,coefficient of variation; df,degreesof freedom; LAV,least absolutevalues;
LPT,lymphocyte proliferationtest; MAD, medianabsolutedeviation; NE,nonexposed;ORISE,OakRidgeInsti-
tutefor ScienceandEducation;ORNL,OakRidgeNationalLaboratory;PHA,phytohemagglutinin;Q-Q,Quantile-
Quantile;SI,stimulationindex;
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2.1.Method 1-UsingDistribution of SecondLar gestSI FromNonexposedControlsand/or
Historical Population of Beryllium ExposedWorkers

Thesecondlargestlog(SI) in a referencedatabaseof LPT datasetsis usedto determinethe

“cut point”. An LPT is consideredabnormalif the secondlargest log(SI) exceedsthis cut

point—i.e.atleasttwo SIsexceedexp(cut). This approachwasdescribedby Frome,Newman

andMroz [2] andappliedto atestdatafrom theLPT laboratoryatNationalJewishCenter. The

stepsfor thisprocedureareasfollows:

1. Findβ†
i
� secondlargest

�
β̃i j � j � 1 ��������� 6� for i � 1 �������	� N, whereN= numberof LPTsin

referencedataset.

2. FindM � median
�
β†

i � i � 1 �������	� N � andSthemedianabsolutedeviation(MAD) estimate
of thestandarddeviationof theβ†

i .

3. Thencalculatecut = M + zpS,wherezp is the pth quantileof thestandardnormaldistri-
bution. If p � 0.975thenzp

� 1.96.

4. An LPT is definedto beabnormalif at leasttwo log(SI)sexceedcut.

Theprobabilityof a falsepositivefor thisprocedure shouldbeabout1-p.

2.2.Method 2- Using The Empirical Distribution of log(SI)s For Each Day and Each
Beryllium Concentration

The secondapproachis the oneproposedFromeet al [3] ( seepage965 or Section3.6 of

ORNL-6818). It is basedon the assumptionthat the log(SIs) are approximatelynormally

distributed (seeFigures5 and 6). In this report the referencedata baseconsistsof all

available LPTs in the BE-sampledata set and the NE data set. In practicethis data set

wouldchange during thecourseof a studyasnew databecomesavailable. Thefirst stepis to

convert eachlog(SI) into astandardizeddeviate

ui j
� β̃i j 
 µ̃j

s̃j

usingthevaluesof µ̃j ands̃j . Thesestandardizeddeviatescanbecomparedwith thequantiles

of the standardnormaldistribution, i.e. Pr
�
u � zp � � p. If we assumethat the log(SIs)are

independentthenthebinomialdistribution canbeusedto calculateanapproximateprobability

of at leastk out of six “large” SIsfor a givenvalueof zp. Theprobabilityof at leastonelarge

SI is 1 
 p6, andtheprobabilityof at leasttwo is 1 
 � p6 � 6  1 
 p� p5 � .
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In fact, the log(SIs)are positivelycorrelated,sothis probability shouldbea lower bound

on thechanceof findinga falsepositiveLPT.

3. Graphical Summariesof The Stimulation Index (SI)

3.1.Resultsfor Positive Control LPT Data

Eachof theLPTsincludedtwo positivecontrols—PHAandConA.Graphicalsummariesof the

positive controlSIs for 1117LPTsareshown in Figure1 andFigure2 Theseresultsstrongly

supporttheuseof thelognormaldistribution to describethevariability of SIs.

3.2.Resultsfor Beryllium Workers(BW) and Nonexposed(NE)Control Data

3.3.Graphical Summariesfor SIsFor BW and NE LPTs

Histogramsfor theSIsfor eachdayandBeconcentration(BW andNE combined)for theLPT

datafrom theY-12 studyareshown in Figure3. For plotting purposesSIs greaterthanfour

have beensetequalto four. TheselargeSIsindicatea responseto beryllium. Figure4 shows

thehistogramsfor theLog(SI)s—alllogsarebasee. Theseriesof twelve boxplotsin Figure5

comparesthedistributionsof thelog(SI)sfor theberylliumworkers(BW)andnonexposed(NE)

controls( seeFig. 4 for theORISE-AC Datain Fromeet al. [3]). Thevertical scaleon the

right handsideof the plots is in SI units. The SIs for both the NE controlsandthe workers

exposedto beryllium(BW)decreaseastheberylliumconcentrationin thetestwells increases.

This maybedueto a toxic effect of high berylliumconcentrationthatresultsin ”cell killing”.

Thereis considerablymorevariability in thelog(SI)sfor theBW LPTsthanfor theNE LPTs

ateachconcentrationonbothday5 andday7.

Figure6 shows lognormalprobabilityplots for theBW andNE SIs for eachof the three

berylliumconcentrationsonday5 andday7. In eachof thesix plotsthedata—orderedvalues

of the log(SI)s—areshown on theverticalscaleon the left, andthequantilesof thestandard

normaldistribution areshown on thehorizontalscale.A detailedaccountof theconstruction

andinterpretationof normalprobabilityplotsis providedby Chamberset .al [1].

If therelationbetweentheempiricalquantiles(on theverticalaxis)andtheoreticalquan-

tiles (on the horizontalaxis) is linear, this indicatesthat the distribution is Gaussian.Each

plot includesthemedian(labeledM) andaresistantestimateof thestandarddeviation(labeled

S) for the log(SI)sfor the BW (shown ascircles)andthe NE log(SI)s( shown astriangles.)

The lines in eachplot ( solid for NE anddottedfor BW) show the relationthat is expected
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right) shouldlook line astraightline. Theseplotsclearlyshow thatlog(SI)sfollow thenormal
distribution,i.e.theSIsfollow thelognormaldistribution.
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if the log(SI) valuesarefrom a normaldistribution with locationparameterM (which deter-

minestheintercept)andstandarddeviationS(whichdeterminestheslope). Resistantmethods

wereusedto estimatethe locationandscaleparameters. This reflectsthe assumptionthat

mostof beryllium exposedworkersdo not show anabnormalresponse,i.e. they look like the

nonexposedgroup. For example,considertheplot for day 5 Be-1 in Figure6. The log(SI)s

appearto beapproximatelynormalin the center, for both the NE controlsandtheberyllium

workers. Thereareseveral valuesthat are larger thanexpected(theseare the pointsabove

the lines). These”outliers” areSIs that indicatehypersensitivity to beryllium. Therearealso

severalpointsbelow theline which indicatecell killing. Comparetheseresultsto similarplots

for earlierORISEdata—see[3] Fig. 5, andsimilarLPT testresultsfrom TheNationalJewish

Center[2] Figures5 and6.
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4. Resultsfor Normal and Abnormal LPTs

4.1.Identification of Abnormal LPTs UsingSecondLar gestSI

Themethoddescribedin Section2.1 (with p= 0.001)wasusedto identify ”Abnormal” LPT.

All LPTs from the BW and NE controls wereusedasthe referencedata base. Therewere

33 LPTsfor nonexposedindividuals,and1084beryllium exposedworkers. Thehistogramof

the2ndlargestlog(SI)sis shown in theleft handpanelof Figure7. Thelognormalprobability

plot is shown in theright handpanel.

Thecutpoint for anabnormalLPT is cut= M + z/ 999*S=-0.155+3.09*0.325=0.849.There

were84abnormalLPTsamongthe1117LPTsin thereferencedata set. Figure8 showstheSI

histogramsfor theabnormalLPTsandFigure9 shows theSI histogramsfor thenormalLPTs.

The seriesof 12 boxplotsin Figure10 comparesthe distributionsof the log(SI)sfor the

normalandabnormalLPTs.

Figure11shows lognormalprobabilityplotsfor thethreeberylliumconcentrationsonday

5 andday7
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Figure8: Histogramsof SIsfor EachBeryllium ConcentrationonDay5 andDay7 for Abnor-
malLPTs.TheMedian(M), MAD scaleestimate(S)of theSI areListedonEachPlot.
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Figure9: GaussianProbabilityPlotsof SIs for EachBeryllium Concentrationon Day 5 and
Day7 for NormalLPTs.TheMedian(M), MAD scaleestimate(S)of theSIsarelistedoneach
plot.
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Figure10: Boxplotsof Log(SI)sfor EachBeryllium Concentrationon Day 5 andDay 7 for
NormalandAbnormalLPTs. AbnormalLPTswereidentifiedusingmethod1A describedin
Section2.1(with p= 0.001).
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Figure11: NormalQ-QPlotsof Log(SI)sfor EachBeryllium ConcentrationonDay5 andDay
7 for NormalandAbnormalLPTs.Valuesof M andSfor abnormalLPTsarein upperleft and
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4.2.Method 2- UsingThe Empirical Distribution of log(SI)

ThisresultsusingMethod2 (seeSection2.2)areshown in theTable1. Thevaluesof µ̃j (Med)

ands̃j (Smad)arelistedat the top of theTable. Thecut pointsfor eachlog(SI) weredefined

sothattheprobabilityof at leasttwo largeSIsis about0.001.ThecorrespondingSI cutpoints

for eachdayandconcentrationareshown at thetop of theTable.All of theLPTsin this table

have at leasttwo largeSIsonDay 5.
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