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1. Intr oduction

THIS IF A PRELIMIN ARY DRAFT— NOT FOR CITATION OR DISTRIBUTION

This reportcontainsresultsof the blood beryllium lymphogte proliferationtest(LPT) *
thatweredoneaspart of a studyof beryllium workers(BW)at the Y-12 plantin Oak Ridge,
TennesseeThe purposeof the Y-12 studywasto describeherisk of becomingsensitizedo
berylliumin this groupof workers. Resultgpresentedherearelimited to LPTs( N=1117) that
weredonein the samelot of ABi Serum(3040083).1f anindividual hadmorethatonelLPT,
only the resultsfor the FIRSTLPT wereincludein theseanalyses Slswere calculatedas
describedy Fromeetal [3]. This serumwasusedin over 95 percenof the LPTsin theY-12
study Of the1117LPTs1084werefrom theworker populationand33 werenonexposedcon-
trol) individuals. The resultsin this draft reportwere basedon summarystatisticscomputed
by the ORISElaboratory The purpose®f this reportarei) to presengraphicalsummarieof
the Slsin original unitsandin logarithmicunits usinghistogramsNormal Quantile-Quantile
(Q-Q) plots (alsoreferedto asNormal probability plots),andboxplots,andii) to compargwo
previously describedmethodsfor the identificationof an abnormaltest. Throughout this
report the expressionlog(x) representsthe natural logarithmic function i.e., if y = log x
than x = exp(y).

Theresultsin thsreportwere presentedit The ORISE Advisory CommitteeMeetingfor
Beryllium WorkersSuneillanceProgramNovember4, 1999. This documentndrelatedma-

terial canbeviewedat http://wwwcsm.ornl.go/~frome/vgLPT/TTLPT/

2. ldentification of LPTs With LargeSls

This sectiondescribegwo approachethathave beenproposeddentify an“abnormal” LPT.
Eachof thesemethodausesthe LAV estimateséj, j=1,...,6,0f thelog(Sl)s. Notethat[~3j isa
statisticalshorthandor the LAV estimateof the ji" log(SI).

1Abbreviations used: AB,abnormal; Be,beryllium; BW,beryllium worker; CBD,chronic beryllium dis-
ease; ConA,concanalin-A; CV,coeficient of variation; df,degreesof freedom; LAV,least absolutevalues;
LPT,lymphogte proliferationtest; MAD, medianabsolutedeviation; NE,non&posed;ORISE,OakRidge Insti-
tutefor ScienceandEducation,ORNL,OakRidgeNationalLaboratory;PHA,phytohemagglutininQ-Q,Quantile-
Quantile;Sl,stimulationindex;
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2.1.Method 1- UsingDistrib ution of Second_ar gestS| From NonexposedControlsand/or
Historical Population of Beryllium ExposedWorkers

The secondargestlog(Sl) in a refeencedatabaseof LPT datasetsis usedto determinghe
“cut point”. An LPT is consideredcabnormalif the secondlargest log(Sl) exceedsthis cut
point—i.e.atleasttwo Slisexceedexp(cut). This approachwasdescribedy Frome,Newman
andMroz [2] andappliedto atestdatafrom theLPT laboratoryat NationalJevish Center The

stepdfor this procedureareasfollows:

1. Find BiT = secondiarges[ﬁij ,j=1,...,6] fori =1,...,N, whereN= numberof LPTsin
refeencedataset

2. FindM = medan[BiT,i =1,...,N] andS themedianabsolutedeviation (MAD) estimate
of the standardleviation of the BiT.

3. Thencalculatecut= M + z,S, wherez, is the p" quantileof the standarchormaldistri-
bution. If p=0.975thenz, = 1.96.

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

Theprobability of a falsepositivefor this procedue shouldbe about1-p.

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

The secondapproachis the one proposedrromeet al [3] ( seepage965 or Section3.6 of
ORNL-6818). It is basedon the assumptiorthat the log(Sls) are approximatelynormally
distributed (seeFigures5 and 6). In this report the reference data base consistsof all
available LPTs in the BE-sampledata setand the NE data set. In practicethis data set
would change during the course of a studyas new databecomesvailable Thefirst stepis to
converteachlog(Sl)into astandardizedeviate

usingthevaluesof fi; and§;. Thesestandardizedeviatescanbe comparedvith the quantiles
of the standardhormal distribution, i.e. Priu < zp] = p. If we assumehatthe log(Sls)are
independenthenthe binomialdistribution canbe usedto calculateanapproximatgrobability
of atleastk out of six “large” Sisfor a givenvalueof z,. The probabilityof atleastonelarge

Slis 1— p®, andthe probabilityof atleasttwo is 1 — [p® + 6(1— p)p°].
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In fact, thelog(Sls)are positivelycorrelated,sothis probability shouldbe a lower bound

onthechanceof findinga falsepositiveLPT.

3. Graphical Summariesof The Stimulation Index (SI)
3.1.Resultsfor Positive Control LPT Data

Eachof theLPTsincludedtwo positive controls—PHAandConA. Graphicasummarie®f the
positive controlSisfor 1117LPTsareshavn in Figurel andFigure2 Theseresultsstrongly

supportthe useof thelognormaldistribution to describehe variability of Sls.

3.2.Resultsfor Beryllium Workers(BW) and Nonexposed(NE)Xontrol Data
3.3.Graphical Summariesfor Sls For BW and NE LPTs

Histogramdor the Sisfor eachdayandBe concentratiorfBW andNE combinedYor theLPT
datafrom the Y-12 studyareshavn in Figure3. For plotting purposesSls greaterthanfour
have beensetequalto four. Thesedarge Slsindicatearesponsédo beryllium. Figure4 shavs
the histogramdor the Log(Sl)s—alllogsarebasee. The seriesof twelve boxplotsin Figure5
compareshedistributionsof thelog(SI)sfor theberylliumworkers(BW)andnoneposed NE)
controls( seeFig. 4 for the ORISE-AC Datain Fromeetal. [3]). The vertical scaleon the
right handsideof the plotsis in Sl units. The Sisfor boththe NE controlsandthe workers
exposedo beryllium(BW) decreasasthe beryllium concentrationn thetestwellsincreases.
This maybe dueto atoxic effect of high beryllium concentratiorthatresultsin "cell killing”.
Thereis considerablymorevariability in thelog(Sl)sfor the BW LPTsthanfor theNE LPTs
ateachconcentratioron bothday5 andday 7.

Figure 6 shavs lognormalprobability plots for the BW andNE Slsfor eachof the three
berylliumconcentrationsnday5 andday7. In eachof thesix plotsthedata—orderedvalues
of thelog(Sl)s—areshavn on the vertical scaleon the left, andthe quantilesof the standard
normaldistribution areshavn on the horizontalscale.A detailedaccountof the construction
andinterpretatiorof normalprobability plotsis providedby Chamber®t.al [1].

If therelationbetweerthe empiricalquantiles(on the vertical axis) andtheoreticalquan-
tiles (on the horizontalaxis) is linear, this indicatesthat the distribution is Gaussian.Each
plotincludesthemedian(labeledM) andaresistanestimateof thestandardieviation (labeled
S) for the log(Sl)sfor the BW (shavn ascircles)andthe NE log(Sl)s( shavn astriangles.)

Thelinesin eachplot ( solid for NE and dottedfor BW) shaw the relationthatis expected



Y-12 Beryllium Workers Study (Serum 2): Results For PHA

Histogram For Log(Sls) Log-Normal Probability Plot
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Figure1: The panelson the left shav the histogramsof the Sls.Thetop left is for log(Sl)s
andthe bottomleft is for the Sls. The panelson the right are Gaussiarprobability plots. If

thedatain the histogram(on theleft) is "normally distributed” the the probability plot (onthe
right) shouldlook line a straightline. Theseplotsclearlyshav thatlog(Sl)sfollow thenormal
distrikution,i.e.the Sisfollow thelognormaldistribution.



Y-12 Beryllium Workers Study (Serum 2): Results For CONA

Histogram For Log(Sls) Log-Normal Probability Plot
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Figure 2: The panelson the left shav the histogramsof the Sls.Thetop left is for log(Sl)s
andthe bottomleft is for the Sls. The panelson the right are Gaussiarprobability plots. If

thedatain the histogram(on theleft) is "normally distributed” the the probability plot (onthe
right) shouldlook line a straightline. Theseplotsclearlyshav thatlog(Sl)sfollow thenormal
distrikution,i.e.the Sisfollow thelognormaldistribution.
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Y-12: First LPT In Serum 2 For 1084 BWs and 33 NEs
Sls Greater Than 4 Set Equal To 4

Day 5Be 1 Day 5 Be 10 Day 5 Be 100
(M,S)=( 0.93, 0.24) (M,S)=( 0.63, 0.29) (M,S)=( 0.7, 0.44)
4 4
Mean= 1.53 SD= 6.01 Mean= 2.29 SD= 19.56 Mean= 2.48 SD= 19.13
2.33 Percent> 4 3 3.76 Percent> 4 3 6.09 Percent> 4
1= I
] ]
O 2 O 2
) o
a o

0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
S Sl Sl
Day 7 Bel Day 7 Be 10 Day 7 Be 100
(M,S)=( 0.73, 0.3) (M,S)=( 0.13, 0.14) (M,S)=( 0.2, 0.24)
4 4
Mean= 1.03 SD= 5.13 Mean= 0.98 SD= 9.44 Mean= 1.13 SD= 8.61
1.52 Percent> 4 3 2.15 Percent> 4 3 I 2.87 Percent> 4
1= 1=
o] (]
O 2 O 2
@ 3]
o o
1 1
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
SI Sl Sl

NOTE: M is Median SI and S is MAD estimate of Scale for Sls

Figure 3: Histogramsof the Sisfor the BW andNE LPTs. Numbersin parenthesisrethe
medianandMAD estimateof location. Themeanandstandardieviation (SD)for eachdistri-
bution arealsogiven.



Y-12: First LPT In Serum 2 For 1084 BWs and 33 NEs
Sls Less Than 0.0625 Replaced with 0.0625 Slis Greater Than 4 Replaced with 4
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Y-12 Study: Beryllium Workers (1084) Nonexposed (33) First LPT in Serum 2
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if the log(Sl) valuesarefrom a normaldistribution with locationparameteM (which deter
minestheinterceptlandstandardieviation S (which determinesheslope). Resistantmethods
were usedto estimatethe locationand scaleparameters This reflectsthe assumptiorthat
mostof beryllium exposedworkersdo not shav anabnormakresponsei.e. they look like the
noneposedgroup. For example,considerthe plot for day 5 Be-1in Figure6. Thelog(Sl)s
appearto be approximatelynormalin the centery for boththe NE controlsandthe beryllium
workers. Thereare several valuesthat are larger than expected(theseare the points above
thelines). These'outliers” are Sisthatindicatehypersensitity to beryllium. Therearealso
severalpointsbelav theline whichindicatecell killing. Compareheseresultsto similar plots

for earlierORISEdata—se¢3] Fig. 5, andsimilar LPT testresultsfrom The NationalJevish
Center2] Figuresb and6.
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Y-12 Be Study: Gaussian Probability Plots (Log SIs) For Nonexposed and Beryllium Workers
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Figure6: NormalQ-Q Plotsof Log(SI)sfor EachBeryllium Concentratioron Day 5 andDay
7 for BW andNE controls. The datavaluesareshavn on the vertical axis. The Median(M),
MAD scaleestimate(Spf thelog(Sl)sandexp(M) areListed on EachPlot. Valuesof M and
Sfor BWsarein upperleft andNE controlsarein lower right of eachpanel.
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4. Resultsfor Normal and Abnormal LPTs
4.1.1dentification of Abnormal LPTs Using SecondLar gestSI

The methoddescribedn Section2.1 (with p=0.001)wasusedto identify "JAbnormal” LPT.
All LPTs from the BW and NE controls were usedasthe referencedata base Therewere
33 LPTsfor nonposedindividuals,and 1084 beryllium exposedworkers. The histogramof
the2ndlargestlog(Sl)sis shavn in theleft handpanelof Figure7. Thelognormalprobability
plotis shawvn in theright handpanel.

Thecutpointfor anabnormalPT is cut=M + zggg*S=-0.155+3.09*0.3258.849.There
were84abnormalPTsamongthe1117LPTsin thereferencedataset Figure8 shavsthe S|
histogramdor theabnormalPTsandFigure9 shavs the Sl histogramdor thenormalLPTs.

The seriesof 12 boxplotsin Figure 10 compareghe distributions of the log(Sl)sfor the
normalandabnormalLPTs.

Figurel1 shavs lognormalprobabilityplotsfor thethreeberyllium concentrationsn day
5andday7
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Y-12 Beryllium Workers Study (Serum 2): Results For 2nd Largest Sl
NOTE:SIs Less Than 0.25 Replaced with 0.25 Sls Greater Than 4 Replaced with 4
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Figure 7: Normal Q-Q Plotsfor SecondLargestLog(SI) for BW and NE combined. The

Median(M), MAD scaleestimate(Spf the Log(Sl)sareshavn. The cut point for anabnor

mal LPT (with p= 0.001)usingthe 2nd largestlog(Sl) is cut= M + 3.09*S= 0.8487—note
exp(0.8487)=2.34. Therewere84 abnormalsn theBW LPTSs.
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Y-12: First LPT In Serum 2 For 84 LPTs  ABNORMAL-- using m1Absen.f(T, 0.999)
Sls Greater Than 4 Set Equal To 4
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Figure8: Histogramaf Sisfor EachBeryllium Concentratioron Day 5 andDay 7 for Abnor
mal LPTs. TheMedian(M), MAD scaleestimate(Syf the Sl areListedon EachPlot.
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Y-12: First LPT In Serum 2 For 1033 LPTs Normal LPTs
Sls Greater Than 4 Set Equal To 4
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Y-12 Study: SIs For Normal (N=1033) and Abnormal(N=84) LPTs
ABNORMAL-- using m1Absen.f(T, 0.999)
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Figure 10: Boxplotsof Log(Sl)sfor EachBeryllium Concentratioron Day 5 andDay 7 for
NormalandAbnormalLPTs. AbnormalLPTswereidentifiedusingmethod1A describedn
Section2.1 (with p=0.001).
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Y-12 Be Study: Gaussian Probability Plots (Log SIs) For Abnormal and Normal LPTs
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Note: M = Median[ Log(SI)] S =S-Mad] Log(SI) ]

Figurell: NormalQ-Q Plotsof Log(Sl)sfor EachBeryllium Concentratioon Day 5 andDay
7 for NormalandAbnormalLPTs. Valuesof M andS for abnormalLPTsarein upperleft and
for Normal LPTsarein lower right of eachpanel. The cut point for anabnormalLPT using
the2ndlargestlog(Sl)is cut=M + 3.09*S= 0.8487—notexp(0.8487)=2.34. Therewere84
abnormalsn theBW LPTs.
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4.2.Method 2- Using The Empirical Distrib ution of log(SlI)

ThisresultsusingMethod2 (seeSection2.2)areshavn in the Tablel. Thevaluesof fi; (Med)
and$§; (Smad)arelisted at the top of the Table. The cut pointsfor eachlog(SlI) weredefined
sothatthe probability of atleasttwo large Slsis about0.001. Thecorrespondingsl cut points
for eachday andconcentratiorareshavn atthetop of the Table. All of the LPTsin thistable

have atleasttwo large SIson Day 5.
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Table 1 SIs for Abnormal LPTs From Method 2

Med -0.08 -0.47 -0.36 -0.31 -2.03 -1.62
Smad 0.26 0.46 0.71 0.41 1.31 1.61

Day 5 SIs Day 7 SIs
Bel Bel0 Be100 Bel Bel0 Be100

ybw0078  6.46 306.36 282.67 2.98 52.80 91.94
ybw0106 2.69 0.43 4.66 2.61 0.20 1.16
ybw0139 1.24  3.47 0.57 3.45 0.13 0.11
ybw0157 3.14 13.20 30.03 1.10 2.52 4.96
ybw0182 6.33 46.67 41.98 3.95 24.66 28.71
ybw0191  9.99 53.85 78.33 9.84 249.17 230.37
ybw0192 1.39 4.06 9.88 0.87 1.21 8.02
ybw0206 18.18 48.63 86.12 7.35 6.43 5.12
ybw0215 1.43 6.78 8.21 0.94 0.31 0.36
ybw0240 7.17 49.34 53.35 1.73 18.59 12.09
ybw0241 1.80 5.25 3.37 1.60 0.53 0.90
ybw0243 1.90 4.85 2.00 0.55 0.38 0.65
ybw0296 3.15 4.95 15.37 4.80 8.48 11.92
ybw0302 1.09 3.15 5.55 0.89 0.94 0.70
ybw0313  3.40 13.06 4.94 0.72 0.75 0.98
ybw0323 1.35 3.86 4.13 0.84 1.91 0.20
ybw0353 1.06 2.24 7.61 1.39 0.59 13.10
ybw0364 1.06 4.62 4.28 0.96 4.69 4.36
ybw0387 1.09 3.48 9.17 0.78 0.30 4.02
ybw0464 3.99 2.66 1.76 1.57 0.53 0.32
ybw0468 7.45 4.49 6.26 1.32 0.13 1.26
ybw0472  2.67 13.77 8.29 4.06 1.94 3.02
ybw0492  7.83 28.82 2.42 1.99 8.23 1.31
ybw0568 4.15 1.97 6.78 0.82 0.52 0.96
ybw0593 1.20 3.97 5.26 0.78 1.11 0.74
ybw0597 5.98 23.06 12.79 2.93 10.32 4.87
ybw0616 21.42 89.14 99.48 16.18 133.13 108.28
ybw0628 84.40 98.40 95.61 6.20 11.11 5.56
ybw0629 130.81 534.28 534.16 31.44 75.91 65.50
ybw0670 5.97 27.08 3.61 3.59 5.38 1.09
ybw0683 11.50 59.46 37.16 4.73 20.17 7.43
ybw0722 6.57 9.05 2.09 6.26 1.74 1.44
ybw0731 40.25 62.76 45.00 17.30 17.03 8.73
ybwO811  2.11 13.89 39.70 0.99 5.01 6.06
ybw08756  2.43  3.62 5.12 4.26 0.10 3.20
ybw0879 2.45 7.38 7.73 1.95 1.05 1.40
ybw0961  7.49 7.34 2.60 1.38 0.37 0.65
ybw0968 29.75 32.99 12.29 20.32 6.51 3.10
ybw0972 4.94 9.23 3.94 2.88 6.39 1.32
ybw09756  3.72 2.70 6.00 1.84 0.60 0.20
ybw0979 51.78 50.28 46.73 14.54 18.68 5.30
ybw0982 77.37 96.48 26.50 164.27 95.22  58.51
ybw0994 1.86 5.88 3.568 2.82 4.80 3.46
ybw1007 14.82 11.13 7.68 1.79 1.42 0.68
ybwl057 16.01 19.05 5.75 12.37 4.51 1.44
ybwlll6 0.96 6.58 4.96 0.78 16.10 12.19
ybwi139 3.07 8.93 7.38 0.35 1.20 1.42
ybw1140 15.78 21.98 9.21 5.22 1.91 2.31
ybw1220 64.42 17.74 7.50 11.17 2.B3 0.72
ybwi266 0.63 4.60 6.93 0.98 6.71 10.57
ybwi1291  0.86 7.22 7.23 0.34 1.53 1.95



