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o,
I. PURPOSE A}{D SCOPE OF PRq]ECT

Badger  Arny  Arnrnun i t ion  P lan t  (BAAP) ,  Baraboo,  Wiscons in ,  has

wi th in  a  secur i ty - fenced area ,  a  herd  o f  wh i te ta i l  deer .  The

U.S. Arny and the State of  l { isconsin,  Departrnent of  Heal th and

Social  Services have deternined that approximately 20 of  the deer

be harvested and t issue samples thus col lected be analyzed for
2 ,4 -  and  2 ,6 -d in i t ro to luene  (2 ,4 -  and  2 ,5 -DNT)  by  h igh  p ressure

l iqu id  chromatography  (HPLC)  to  a  sens i t i v i t y  o f  O.1  par t  per

n i l l i on  (ppn) .  The HPLC ana lyses  w i l l  be  done a t  the  Oak R idge

Nat ional  Laboratory (ORNL) fo l lowing prot ,ocol  used previously for
s in i lar  work for 'other governnent s i tes.  ORNL shal l  instruct

Ol in relat ive to the guant i ty and type of  t issue required,

storage and shipnent requirenents, and other information to

ensure t.rat all protocol and chain of custody requirenents are
clear.  A f inal  report  wi l l  be made to Ol in Corporat ion upon

conplet ion of  the HPLC analyses.

1 .



2. WORK PER.FORHED

2.L COT.TECIION OF TISSUE

Tissue sanples were obtained fron deer hunted on the BAAp
reservat ion.  The total  populat ion of  deer at  the BAAP si te was
es t i rna ted  to  be  approx imate ly  430 (see Append ix  A) .  co l lec t ion
of appropr iate sanples was under the supervis ion of  BAAP
personnel ,  who forwarded then to ORNL for analysis.  Thir ty-s ix
indiv idual  samples weighing approxirnately lOO g each of  l iver,
muscle,  and heart  t issue fron twelve indiv idual  deer were

received at  oRNL on January 10, 1991. These samples were stored

at  -20"C awai t ing  ana lys is  fo r  2 ,4 -DHT,  and 2r5-DNT.  fn
addi t ion,  control  sanples of  deer l iver,  nuscle,  and heart  t issue
were obtained fron non-munit ion-contaninated aninals.  These
aniroals itere collected on the U.S. Departruent of Energy Oak Ridge
Reservat ion or at ,  the Catoosa wi ld l i fe Management Area in eastern
Tennessee. This col lect ion rdas under the supervis ion of
personnel  f ron the State of  Tennessee Wildl i fe Resources Agency,
and al l  t issue col lected were archived at  -20 "C at  ORNL.

2.2 I{ETTIODS OF N{ALYSIS

2.2.L bctract ion of  Tissue

Each sanple of  deer t issue obtained fron the BAAP si te was
analyzed in dupl icate,  € ls nere s i ro i lar  t issues from several  deer
taken from the U.S. Departrnent of  Energy Reservat ion and the
Catoosa Wildl i fe Managenent Area. Approxinately 2 g of  t issue

senp le  was  used  fo r  each  ana lys is ,  and  200  ng  o f  1 ,3 -
d in i t robenzene (1 ,3 -DNB)  i i ras  added as  an  in te rna l  s tandard .

2 .
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2.

The  p ro toco l  used  t o  ex t rac t  2 ,4 -DNT  and  2 ,6 -DNT  f r om an ina l

t i ssues  fo r  subsequen t  HPLC ana lys i s  was  a  nod i f i ca t i on  o f  t ha t

used  by  Shugar t  e t  a I .  ( f 991 )  f o r  t he  ex t rac t i on  o f  t hese  and

o the r  mun i t i ons - I i ke  conpounds  f rom t i ssues  o f  va r i ous  an ina l s

inc lud ing  dee r .  l he  p rocedure  i nc luded  the  fo l l ow ing  s tePs :

t .  I n  t he  p resence  o f  l i qu id  n i t rogen ,  g r i nd  t i ssue  i n  mor ta r

and  pes t l e ,  sp i ke  w i t h  200  ng  o f  1 ,3 -DNB (and  t he  two

isomers of  DNT when requi red)  and t ransfer  sanple to  a g lass

v ia l .

Add 6  mL o f  ace ton i t r i le  and n ix  we l l  to  d isperse  t i ssue.

After I hr at roorn tenperature, Pass contents through a

g lass  f iber  f i l te r  and co l lec t  f i l t ra te .  Wash v ia l  and

f i l ter  wi th an addi t ional  6 rol ,  of  acetoni t r i le,  and pool

f i l t ra tes .

Using ni t rogen 9ds, evaporate the f i l t rate to a volune of

approxirnately I nL, and add 10 nL of water. i l ix thoroughly,

and pass the solut ion through a SepPak, c18 sol id-phase

extract ion colunn (Waters).  Wash colunn with 2 n] ,  of  water,

and elute the sanple fron the colunn with I nL of

ethylacetate.  Col lect  the eluate.

Rernove 25O pL fron the upper, organic phase of the eluate

and evaporate to dryness with ni t rogen gas. Dissolve the

sanple in 50 pL ot  ethylacetate for  HPLC analysis.

2 .2 .2  HPrX

Analys is  was by reverse-phase co lumn chronatoqraphy on a

Brown lee  Lab .  co lu rnn  (Spher i -S ,  RP-18 ,  5  tu i c ron ,  22o  X  4 .6  nn )

nainta ined at  room tenperature.  Sanple s ize was 20 lJL,  and

isocrat ic  e lu t ion was per forned wi th  50t  nethanol  /vatet  a t  a  f low

3 .

4 .
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rate of  I  n l . , / tn in.  Detect ion was at  254 nn with an Al tex W

non i to r  usua l l y  se t  a t  a  sens i t i v i t y  range  o f  0 .04  ( i .e . ,  to ta l

range on  char t  was  0 .04  absorbance un i ts  a t  254 nm) .  The

chromatograrn generated by each sample was recorded at  a chart

speed of  2 nrn, /n in,  and each was exanined indiv idual ly to

detern ine  recovery  o f  the  in te rna l  s tandard  (1 ,3 -DNB)  and the
presence  o f  e i the r  2 ,4 -  o r  2 ,6 -DNT.

Au then t i c  s t anda rds  o f  1 ,3 -DNB,  2 ,4 -DNT ,  and  2 ,5 -DNT  a t  a

concentrat ion of  t  mgln l ,  in  acetoni t r i le  hrere obta ined f ron Dr .

John Caton of  the Analy t ica l  Chenr is t ry  Div is ion (ORNL).

Standards were s tored at  4"C in  a sealed brown-glass v ia l .

2.2.3 Stat ist ical  Analysis

A stat ist ical  design was fornulated to deteruine i f  a
chernical  is  l ikely to be present in the t issues of  an aninal
populat ion at  or  above a designated cr i ter ion leve} (cL) when
only a portion of that population has been sarnpled has been
fornulated (Beauchanp et  a1. 1991, included as Appendix B to th is
report) .  The stat ist ical  design was used to analyze the data
generated in th is work.

4 .
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3. REST'LTS

3.1 DE\TEIPPI{E}TT OF HPIf PROCEDURE

Previous work at  ORNL on the separat ion and ident i f icat ion

of nuni t ion- l ike chernicals denonstrated that the two isoners of

DNT (2 ,4 -  and  2 ,6 - )  cou ld  be  eas i l y  ana lyzed  by  HPLC (Shugar t  e t
a l .  1991) .  A  s imp l i f i ed  HPLC procedure  (as  de ta i led  in  Sec t .  2 )

bras  adopted  fo r  th is  p ro jec t .

A typical chronatograro generated by the HPLC procedure for

the  th ree  au thent ic  conpounds o f  in te res t  (1 ,3 -DNB,  2 ,4 -  and 2 ,6-

DNT) is shown in Fig.  1.  The sensi t iv i ty of  the uoni tor  was set

to  0 .04 ,  and the  in jec ted  sanp le  conta ined 200 ng  o f  each

compound. For quality control and to check the perforrnance of

the HPLC systen, a separate HPLC chronatogran was obtained using

the authent ic conpounds each t ine aninal  sanples for  th is project

were  ana lyzed ( i .e . ,  the  peak  he igh t  and e lu t ion  pos i t ion  o f  each

authent ic conpound were ver i f ied).  The fol lowing data on the

nean peak heights ( t  s.e.m. )  of  each of  the authent ic compounds

taken fron L7 different HPLC chronatograns produced during this
project indicate that the HPLC procedure perforned

sa t i s fac to r i l y :  1 ,3 -DNB (  85  11 ,7  )  ,  2 ,6 -DNT (  3 f  !1 .0  )  ,  and  2 ,4 -DNT
(6s  t2 .2 ) .

Data on the l inear i ty of  response of  the monitor ut i l ized

with the HPLC systen and the lower t i rn i t  of  detect ion of  the

three  au thent ic  compounds are  graph ica l l y  p resented  in  F ig ,  2 .
(Each data point  represents the average of  t tdo chronatographic
runs .  )

) .
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3.2 EXTRACTION OF AIIII{AL TTSSUES

I t  i s  s ta ted  i n  Sec t .  I  o f  t h i s  repo r t  t ha t  t he  dee r  t i ssue

sanp les  ob ta ined  f ron  the  BAAP s i t e  wou ld  be  ana lyzed  fo r  t he

p resence  o f  2 ,1 -  and  2 ,6 -DN l  by  HPLC to  a  sens i t , i v i t y  o f  0 .1  ppn .

This  neans tbat  the nethods enployed ( t issue ext ract ion fo l lowed

by  HPLC ana lys i s )  wou ld  de tec t ,  ds  a  l ower  l i n i t ,  t he  p resence  o f

100  ng  o f  e i t he r  conpound  in  1  g  o f  dee r  t i ssue .  (No te :  i n  Sec t .

3 .4 ,  and  Sec t .  4 ,  t h i s  l im i t ,  i s  r e fe r red  t o  as  t he  De tec t i on

L in i t .  )  Because  each  samp le  o f  dee r  t i ssue  taken  fo r  ana lys i s

weighed approx inate ly  2 g,  the presence in  these sanples of

e i ther  compound at  a  concentrat ion of  0 .1 ppn resul ts  in  200 ng

being avai lab le for  analys is .  Because the overa l l  ext ract ion

p rocedure  ( see  Sec t .  2 .2 .L )  resu l t s  i n  1 /6 th  o f  any  coupound

present being injected in a single HPLC run the total anount of

any compound avai lab le for  HPLC analys is  would be 33.3 ng

(assuning 100* recovery of each conpound through the extraction

procedure) .  (For  po int  o f  re ference i t  should be noted that  in

step 4 of the protocol used to extract conpounds fron t issue,

on l y  0 .600  nL  o f  t he  e thy lace ta te  used  to  wash  the  SepPac  C18

column is  actual ly  recovered.  )  Recovery data (percentage

conpound recovered ts .e.n.  )  for  f ive d i f  ferent  2-g saroples of

deer  l iver  t issue,  each sp iked wi th  200 ng of  the authent ic

co ropounds ,  was  1 r3 -DNB (87 .2 *  t 3 .5 ) ,  2 ,6 -DNT  (9O .2 t  +4 .0 ) ,  and

2 ,4 -DNT  (92 .4 t  ! 5 .1 ) .  The  l i ve r  t i s sue  sa rop les  we re  ob ta i ned

f ron  non -nun i t i on -con tan ina ted  dee r .  (See  Sec t i on  2 .1 . )

Figure 3 depicts chronatograrf ls generated in the HPLC

ana lys i s  o f  a  l i ve r  samp les  f ron  a  BAAP deer .  F igu re  3 .a  i s  t he

HPLC chronatogran of  the ext ract  obta ined f ron the l iver  t issue

of  deer  No.  l l  f ron BAAP to which no authent ic  conpounds had been

added .  The  two  a r rows  ind i ca te  where  2 ,5 -DNT and  2 ,4 -DNT shou ld

aPpear  on  the  ch rona tog ran  i f  t hey  h re re  p resen t .  F igu re  3 .b  i s

8 .
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1

t he  HPLC ch ro roa tog ran  o f  t he  sane  dee r  I i ve r  t i ssue  sp i ked  w i th

0 .1  ppn  o f  1 ,3 -DNB,  2 ,A -DNT  and  2 ,6 -DNT  be fo re  ex t rac t i on .  The

ca lcu la ted  recove r ies  o f  t he  sp i ked  compounds  a re  94 t ,  742 ,  and

821 ,  r espec t i ve lY .

These data ind icate that  the ext ract ion method per formed

weI I  for  the three conpounds of  in terest  in  that  (1)  the recovery

o f  sp i ked  co topounds  was  sa t i s fac to ry  and  (2 )  t he  rep roduc ib i l i t y

of  the systen was very good for  compounds present  at  the 0.  I  ppm

Ieve l  i n  an ina l  t i ssues .

3.3 SAI{PLA AXALYSTS

A tota l  o f  103 separate analyses were per formed on the

var ious f ie ld-co l lected aninal  t issues to  determine whether  DNT

etas Present. The nunber and type of sarnples processed are l isted

in Table 1.  Each analys is  consis ted of  the ext ract , ion of  an

indiv idual  t issue sanple fo l lowed by HPLC and examinat ion of  the

eluent  for  2 ,4-DNT and 2,6-DNT. Each chronatogram was exanined

by Or. Lee Shugart. No DNT was observed in any of the BAAP-deer

sanp les  a t  o r  above  the  0 .1  ppn  l eve l .

10 .



TABLE 1. NIJMBER AND TYPE OF FIELD-COLLECTED

SN{PLES PROCESSED FOR DINITROTOLUENE

Sanple tYPe SampLes ' Contro lsb Soikes' TotaI

Deer  l i ver

Deer muscle

Deer heart

24  (  L2 )

24  (L2 )

24  (L2 )

2 (1 )

2 (1 )

2 (1 )

6 (6 )

1 (  1 )

1 (  1 )

L7

32

27

2?

Blank( no t i 'ssue )

TotaI 72 103

'  Indicates nurn^ber of  t issue preparat ions analyzed.

Nunber in parenthesis indicates nunber ot aninals fron

which these saurples were der ived.

D Sanples f ron aninals f ron non-contarainated si tes.

' Sanples to which known anounts of authentic compounds

rdere added before processing.

L7

25

11 .



3.4 STATTSTICAL N{ALYSIS OF DATA

In  the  resu l ts  repor ted  in  th is  s tudy ,  none o f  the  t i ssues

ana lyzed  was  found  to  con ta in  2 ,4 -DNT or  2 ,6 -DNT a t  o r  above  0 .  I

pprg.  The fol lowing exercise htas performed with the data obtained

f rom BAAP s i te  deer  t i ssue ( re fe r  to  Shugar t  e t  a1 .  1991 fo r

de ta i l s ) :

For  a  deer  popu la t ion  s ize  o f  N =  430;  a  random sanp le  s ize

of n = 12, and'* i th zeto observed nurnber of  aninals wi th an

indiv idual  conpound concentrat ions greater than the

detect ion l in i t  (DL) of  the analyt ical  procedure used; then

f ron  Wr igh t ' s  Tab lesr  H€ f ind  the  upper  95 t  con f idence I in i t

on the proportion of the population that exceeds the DL to

be o.22. we are 95t conf ident that  no nore than 222

(93/430) of  the deer populat ion exceeds the DL for an

indiv idual  cornpound).  This conf idence statenent about the

proportion of the population that exceeds the DL can be

converted to a confidence statenent about the proportion

greater than the CL if we assune the distribution of DNT-

related observat ions are lognorraal  wi th paraneters (P, o ' \

and that In CL is k 'o uni ts above ln DL. The uPper l in i t  on

the proportion > DL nay be converted to an upPer l init on

the proport ion > cL,  by f inding the proport ion of  the

d is t r ibu t ion

as  ( ( In  cL  -  l n  DL) /o l .  For  ?  =  0 .887  ( the  es t ina te  fo r  o

is  taken f rom Shugar t ,  e t  a l .  1991) ,  and CL and DL in  PPn,
k '  =  ( ln  1 .0  ln  0 .1 )  / .887  =  2 .302 / .887  =  2 .60 .  Then  f ron

standard stat ist ical  tables on the proport ion of  the normal

curve  (one- ta i led)  tha t  l ies  beyond a  g iven nor rua l  dev ia te ,

we can say  w i th  95 t  con f idence tha t  th is  p ropor t ion  is

O.OOO4.  Thus ,  Do  more  than  0 .04 t  o f  the  430  deer  exceed  the

cL  l i n i t ,  o !  l ess  than  I  deer .

L2 .
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4. DISCT'SSION Al{D COXCLUSIONS

The main  ob jec t ive  o f  the  work  de ta i led  in  th is  repor t  was

to deterrnine whether deer on the Badger Arrny Anrounition Plant

s i te ,  Badger ,  I , I i scons in ,  con ta ined the  two isoners  o f  DNT in

var ious  t i ssues  (1 iver ,  musc le ,  and hear t )  a t  concent ra t ions  tha t

nould be unsui table for  hunan consunpt ion.

On January  10 ,  1991,  sanp les  o f  l i ve r ,  nusc le ,  and hear t

f ron twelve deer taken at  the BAAP si te were received at  ORNL.

Over a per iod of  several  nonths,  these sanples were analyzed for

DNT content.

The extract ion procedure used for the isolat ion of  the two

isomers of  DNT fron the deer sanples was a nodi f icat ion of  one

developed previously for  other rouni t ion- l ike coupounds (Shugart

e t  a l .  1991) .  I t  p rov ided the  fo l low ing  advantagres :

t .  Enr ichnent of  the coupounds of  interest  wi th a ninirnun of

coextraction of extraneous rnatter that night interfere with

the  HPLC ana lys is .

2.  Acceptable and reproducible recover ies of  spiked authent ic

conpounds.

The HPLC procedure h,as deruonstrated to be satisfactory for

the detect ion of  the DNT conpounds at  the level  of  sensi t iv i ty

regu i red  fo r  th i s  work  (0 . f  ppn  in  the  t i ssue  sanp le ) .

No DNT cornpounds were found at or above the detection l init

i n  a l l  o f  t he  t i ssues  o f  t he  twe lve  dee r  taken  f ron  the  BAAP s i t e

13 .



1 .

o r  i n  dee r  f r om the  con t ro l  s i t e .  The  s ta t i s t i ca l  ana l ys i s  o f

the  da ta  sugges t  t ha t , ,  w i th  95 t  con f i dence ,  DO no re  than  93

an ina l s  f ron  a  to ta l  popu la t i on  es t i na ted  to  be  abou t  430  a t  t he

BAAP s i t e  have  l eve l s  o f  have  these  compounds  i n  excess  o f  0 .1

ppn  i n  the i r  t i ssues  and ,  f u r the r ,  t ha t  no  no re  than  0 .04?  o f

the 430 aninals  would have these conpounds at  a  concentrat ion

tha t  exceeds  1 .0  ppn .  f n  essence ,  t he  s ign i f i cance  o f  t he

s ta t i s t i ca l  ana lys i s  i s  t ha t  l ess  than  one  dee r  f ron  the  to ta l

populat ion at  the BAAP s i te  would be contarn inated wi th  DNT at  the

1 .  o  pp r !  l eve l .

Regard ing the s tat is t , ica l  analys is  of  the data generated in

this work i t  should be noted that

A CL (a  tox ico log ica l l y  s ign i f i can t  leve l  tha t  wou ld
preclude hunan consumption) has not been deternined for DNT

in deer t issue. However,  based on previous studies wi th

rnuni t ions-I ike coupounds ( t r in i t rot ,o luene and i ts

netabol i tes) conducted for the U.S. Arny (Shugart  et  a l .

1991) ,  a  CL o f  about  I  ppu (1 .0  ng /Rg)  o f  DNT in  an ina l

f lesh  appears  reasonab le .

fn the absence of DNT coupounds in sanpled aniuals at the

DL, the stat ist ics were designed to quant i fy the conf idence

concerning absence of  excessive contaninat ion at  the CL in

the renaining populat ion.  In th is regard,  supplenentary

data analysis was used (Shugart  et  a l .  1991) to support  the

assumption that the rnagnitude of o (standard deviation of

the distr ibut ion of  a chenical  in a populat ion of  exposed
an ina ls )  can  be  descr ibed by  a  lognormal  d is t r ibu t ion .

2 .
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ABSTRACT

A strategr for sampling of animal tissues and a statistical approach for analping

data on body burders of a parent chemical and its mctabolitcs is prcsented such

tbat the data mav be evaluated in relation to thc detection limit(s) of the analytical

tecbniques rscd and the criterion levels established for acccptable tissue

concentratiors.

Key Words:

Body Burdens; Analpis Decision: Nondetecrable Values
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I. TNTRODUCNON

Often it is desirable to analrae the tissue of animals. eirher *'iid or domcsricated. liring in

an area polluted *ith known chemicals ro establisb whether or not they are free of excessive toxic

contamination. especially if a potential exisa for ingestion of meat containing these chemicab.

A statistical design is presented *ith the objecrive of deciding whether a cbemical and is

metabolites are likely to be present in the tisues of an animal population at or above a

designated criterion level when only a ponion of the population has becn sampled- In thc

absencc of such compounds in sampled animals at rhe detection level, rhe statistics are designed

to quandry the confidcnce concerning absence of excessive contamination at rhe criterion level io

the remaining population. A Sampling and.{nallsis Decision Tree is prescnred tbat takes rhesc

constrains into accounl

Altbough animal tissue is highlighted as the chemically contaminatcd matrix for study in

this paper. it should be emphasizcd that other environmental samples may be appropriare

candidates for anall:is b3r the statistical design introduced.

Z STRATEGY FOR SA},{PLING A},iD A}.IALYSIS

LL Definitions

N popularion size

n number of animals anallzed (sample)



o A n,"nb€r of animals in population with levcls of a chemical and/or is merabolites

excccding CL

a ntrmber of animals in sample with leveis of a chernjcal and/or its

merabolites exceeding CL

a' number of animals in sample with leveh of a chemical and/or is metabolites

excccding DL

P' proportion of population exceeding CL of chemical (= A/I.D

CL crirical level of chemical and/or its meubolites in animals

DL dctection limit for quanrifuing chcmical and/or its metabolites

B proponion of distribution covered by tolerancc interval

? confidence level

p and o pcrtain to the unknown mean and standard deviation, respcctively, for thc

oetabolite distribution

f and v pertain to sample estimates of p and a respecrively

Y random variable associated 'r'ith the distribution of metabolites. r.rsually a

logoormally distributed variable

k' @nstant multiplied times v, wed in determining rhe upper limit of a p+onrent

tolerancc intcwal, i.e., thc orlmber of standard deviations above rhe mean

k' diflerencc between lo CL and ln DL expressed in o units

tq conccntrarion of compound(s)

2.2 Sampling sccnarios and statistical corsiderariors.



Tbc objcctive of the sampling of animab is to estimate P'. rhe propor.ion of rhe rotal

population of a spccics at a particular site that contairs body burderx of a chemical and,br is

metabolitcs above a "critical level' (CL). A statemeut about P' derived from a srarisrical anall:is

of the data collccted should have a stated deEce of con6dencc based in parr on the derecrion

linit (DL) of the analytical tecbniques employed Therefore, rwo sampling scenarios are

described that allow for statistical analy:es to be performed on the data in relation to rhe DL

2.2.1. Scenario #1.

If the tissue levels of the chemical and metabolites are suflicienrly high relarive to the

detection limit (DL) of the analytical technique employed, then thc distribution of rbc merabolite

conccntrations can frequently be characterized by a oormal or lognormal distributioD. P' cao be

estimated from the obscrved sample proponion >C[., i.e., by ain. Using rbc sample estimares I

and v, a tolerancc interval can then be constructed for the proponioa of the population >CL

(i.e.. P'), and a statement can be made that we are l\O1Vo conr'ideat rhat the proponioo of the

population >CL is no more than 1-rg (Guttman 1970). In this sccnario. ir is assumed rhat the

population size (N) is large relative to tbe sample size (n). If the normaliry assumption is

appropriate for the observed or transformed (e.g., log) metabolite concenrrarions, rhen f and v

are the sample mean and standard deviation, rcspectively, calculated from rhe obscn'ed or

transformed obscrvations. The one-sided p<ontent tolerancc interval is of the form (-co,f*k,v)

and. for the appropriate value of k'. a sutemenr of thc following form can be made:

We are l}O1vo cont'ident that at leut L\\pVo of the distribution of y is less rhan f + k'v.



o,, Tablcs gt\ing tbe values of k' for differcnt combinatioru of 7 and 3 are given iu Gurtman (1970.

Tablc 4.6) or Odch and Oyen (1980. Table 1.1).

\lheo some of the obscwatioos in the sample are censored (i.e., rhe observed value is

known onlv to be less than a known detection limiq !u1 is actual value is unknown), it is

neccssary to use alternatives to lhe r:sual sample mean and variancc to obtain esrimates of tbc

population Parameters needed in the prerioulydescribed rolerancc interval. Many alteroadve

methods are available to estimate the parametes-ranging from Eaphical mcthods (Traris and

Land 1990) and ad hoc computational methods (Haas and Scbeff 1990, Helsel and Cohn 19gg.

Gilliom and Helsel 1986. Newman et al. 1989, Helsel 1990, Newman and Dixon 1990) all rhe way

to comPurationallv-intensire maximum likelihood merbods developed by Cohen (1963, 1976) for

progressivcly cerxored samples. Although the graphical and ad hoc procedures are easy ro

implemcnt they do not make the most efficient use of the data wheo it is reasonable to assume a

particular form for the underlling distribution of the data, e.g.. normal or lognormal. C.omputer

Programs (e.g., the LIFEREG procedure in S,\S [1939]) are rerdily availabtc to obrain rhe

maximum likelihood estimates. Therefore, the maximum likelibood merhod or some modiEcation

of it is recommended for obtaining estimates of rhe mcan and variance when cerxored data are

availablc. Oncc these estimates are obtained, rhey can bc subsrituted in rhe placc of / and v in

tbe above rolerancc limit corutruction and in rhc subscquent calculations.

Bcforc determining $e sample sizc required to cstimatc P'wirh a spccified coolidence, it

is neccssarv to determine the relation between,i, u, k', and CL If CL is a critical or action level

for y-, tbeo oDcc we have a random sample, we may solve

, i+k ' v=CL



o for

cL'v
k '=

v

From this value of k'. for a lued value of y wc cir determine the proportioo of rhe population

that is greater thau cL Forexample, if cL = 4,y = 2" andv = 0.75 from a samplc of sirc

n = 10. then

4-2
k, =- = 2.67

0.75

If 7 = 0.95 and n = 10, then from Guttman (1970, Table 4.6) or Odeh and orpen (1980, Tablc

1.4) we havc

(1) for F = 0.90, k' = 2.355

(2) for F = 0.95, k' = 2.911

Sioce the observed value of k'(=L67) falls benpeen these two values, a lowcr bound on p is given

by0.90.  i .e . .F >0.90or  l  -F <0.10.  Inas imi larmanner .  i f  7  = 0.90.  theoalowerboundondis

0-95, i-e.' P >0.95 or I ' P <0.05. Therefore. io the first case, we would say wc arc gSVo

confident that no morc rhar l}Vo [= 100(l - 6)] of the distribution is greater than CI- i.e..9SVo

confident that 100 P' <l!Vo. In the sccond case, we arc X)Vo confident that no more than 596

[=t00 (1 'P)] of the distribution is greater rhan CL i.e.,frVo confident that 100 p' <Svo.

In order to cstimare the sample size required to draw conctusions about P', r.sing p, *irh

acccptablc stadstical confidence. it is neccssary to determine a range on f and v from which a

range on k' can be obtained. From the minimum value of this range on k'. *,e can t'ind. for a



o, ['xcd value of 7, the sample sizc needed to have 6 greater thao a specified value. For example, if

we assume. or have reason to believe. that the ranges o[ f and v will yield a minimum anricipated

value of k' to bc 3.0, and if 7= Q.95. then lor

(i) t >0.95. from Guttmau (1970, Table 4.6) or Odeh and O*'en (i980, Table

1.4) we have for n < 9 that k, >3.0, and for n 2 10 that k, <3.0.

Thcrefore. a sample size of n = 10 would be needed for this combination

of k'.y, and 3.

(ii) t >0.99, similar steps result in u = 35.

Similar catculations 
"r" 

,.p."r.d for orher combinations of k',7, aad p to producc rhe resuls in

Table 1. Thc follo*ing example shoua how Tablc 1 may be rsed ro csrinarc the samplc sizc

nccded to esrimate P'.

Ezruple: Assume that we anticipared rhe cL to be not more rhan 3 (= k,) standard

deviation units above y-, i.e- CL - Y is < k'v. From Table 1, a minimal sample of

6-7 animals would be rcquired if we *'ant to be x)vo confidcnt (r = 0.90) that no

more than SVo (l-p = 0.05) of the distribution of mctabolite concenrrations (in

log-unis) would be above f + 3 v, i.e., if we want to be X)Vo conlident rhat

P '<0 .05 .

Whcn a = 0, it is possible that the upper roterancc limir S + k'v) would bc >CL Wheu a >0. it

is unlikely that y- * k'v sould be <CL.



o,
l.1Z Sccnario #2.

When the conccntratioos of chemical an&br mctabo[tes of conccrn in the rissues of rhe

animals are below the DL of the analytical tecbnique employed io morc than 50va of rhe sample

obscrvations, it is difEcult to obtain precise estimates of p aad o. [n that case, rhe objective of

the sampliog is to demonstrate that, with somc statistical ccrtaintv, no more thaa xVa of the

population excceds CL (e.g., P'should probably be no morc rhan 570). Wright (19g1) presenrs

the development of a method, along wirh the neccssary tablcs, to obtain confidencc limis on p'

*'hen we e<ume we are sampling from a hwergeometric distribution. Therefore. we can

approach this problem based on the tables of Wright (1991) for sampling from finite populations.

Furtbermore, we will assume that the body burdens wirhin tbe population are disuibuted

logaormally.

For cxample, let us 2q'umc a population sizc of N = 400 and a random sample of sizc

n = 10; then if tbe observed number of aoimats witb merabolite concenrrations greater rhau rhe

DL is zero, we may use Wright's tables (with a'=0) to find tbe uppcr 95Vo qnldencc limit on

the number in tbe population that excceds DL ro be 101 whicb translates inro a corresponding

lirnit on tbe proportioo of the population tbat exceeds thc DL to bc 0.26 (102/400) (i.c.. *'e are

95Vo €,tfident that no more than 26Vo of the popularion exceeds DL). Funhermore. by assuming

knowlcdge about tbe differencc benvecn DL and CL we can @nvert the confidencc sraremenrs

about tbe proportion greater than DL to sratemens about the proportion of rhe population

greater than CL For a lognormal distribution. Y = ln X is assumed to have a normal disrriburion

uith mean p and variance d and the point rhar cus off 0.36 (the above upper confrdence limir)

9



of the uPPcr ponioo of this distribution mav bc obtai-ocd from any tabtc of area for the normal

distribution and is given by (p+ 0.6t0). If the addjtional assgmption is madc that ln CL is k.o

units above ln DL then the upper limit on rhc proponioo > DL may be converted ro an uppcr

limit on the proportion >CL by finding rhe proponion of tbe distribution >p+(0.64+k')o. Tbe

valuc of k'is deFrsed as ((ln CL - ln DL)lo). Forexample, if k'= 1, rhe proponion of the normal

distribution >p * (0.64 + 1)o is equal to 0.05. Othcr combiaations of n. a', and k' are 'sed to

rePeat the above proccdure and produce the valucs in Tablc Z Other values of N could also be

considered by using a different entry in rhe tables by wright (199l).

This formulation demonstrates that rhe suristical ccrtainry of any sratcmens about

estimares of P' will depend on the follo*'ing variabres (Table 2):

1. Tbe numbcr of animals sampled (n) and rhe number excccding the DL or CI;

Z Thc magnitude of the difference benpecn CL end DI; and

3. Assumptions about rhe magnirude of o.

Ezmplc: As an illrstration of $c rsc of Tablc 2, assume that the variancc is one log unit

(o = 1) aud the cL is onc log unit Eearer than DL then k' = 1. If rhe DL is

lowered an addirional log unil rhcn k' = z Assumc that we sample l0 (= s;

animals from a population of {00 (= N) anirnals and find none (a'= 0) *ith

chemical levels above the DL If k' = 1 (i.e., cL is one tog unit >DL), then.

r.rsing the resulg in Table 2. *e can srare witb 95vo er.ainry that p'is not more

than 5%. If we decrease the DL by one tog unit. k' becomes 2.0. and rhere still

10



o. were Do (a'= 0) animab above $e DL we are assr.red rhat oo morc thao 0.4Vo oE

the popularion is above cL If. however. rhe lower DL enables rx ro derect

measuable levels of merabolites in one animal (Table 2. n=10, a,=1, k'=2.0),

then we ate 95Vo confident that P' is no more thao LVo of tbe popularion. In this

formulation. the abiliry to make statcncDs abour P' depcnds on rbe nqraber of

animals sampled and the differencc benpeen CL and DL

This analpis is also sensitive to assumptions abour rhe magnitudeof o,whicb cannot bc

experimentally determined if only a small proportion of the population exceeds DL Therefore.

prior knowledge about the magnitude is required. This information may be obtained from dara of

animals or chemicals anticipated to respond in a similar manDer.

In thc dcsign of this sampliog stratesf for eirher sccnario. rwo key variables can be

coutrolled:

t. Nuober of animab collectcd For large auimals such as decr, rhere is, realisrically, an

uPPcr limit on the "reasonablc" number of aninals that cao be sampled. The number of

animals that need to be sampled to provide acceptable tolcrancc limis on p'cannot be

detersrined 3 oriori. but preliminary cstimates suggct thar approximately 10-20 aninals

may be sufficient (Table 2), and rhis is a numbcr that secms reasonablc from a logistical

pcnpective. However, much larger numbers of small animals can be sampled.

Z' Tbe DL of the analysis for the chemical can be improved by iocrcasing rhe votume of

tissue ercracred. This approach is applicable to animab of large sizc. Howo'er. the e)irenr

11



o, to which the DL couJd bc improvcd for small species is qucstionable. and depends mainly

upou thc amount of tissue required for the analyrical recbniques rsed.

3.0 SA},{PLD{G .dYD ANALYSIS DECISION TREE

Based on the corsideratioru discussed above. we propose rhe following strate5/, which is

summarizcd as a "Decision Tree" in Figrrre 1:

Collcct appropriate samples from designated animals. Extract and analpc chemical and/or is

metabolites rsing appropriate methodologics. Evaluatc rhe resuls:

1. If more than 50Vo of the samples >DL (sampling sccuario #1), thcq cstimarc p aod i for

each population and tissue. Btimate proponion of tbe populatioo grcater rhan CL and

estimate tolerancc limit on population:

If the ponion of thc popularioo >CL is acceotable (e.g.,P' <SVo

of the population), and tbe tolerancc limis are acc€prable, then

conclude that no health dangcr cxiss and end rhe study.

If tbc ponion of tbe population >cL is unacceotable and the rolerancc

limit arc acccptable (e.g higb confidencc that P' >Sva of the popuration)

acc€pt that thc animals present a porential healrh danger and end thc

studv.

r2



o If tbc con6dencc in an estioate of rbc P' is low (e.g., t <0.9), rhen the

statistical confidcnce of rhe csrimatc can be improved only by increasing

tbe samplc sizc. If addirional animal samples are available. rbesc can be

analped to increasc the confidcncc of the estimate of p'. It mr:st bc

rwgnizca rhat a cosvbene6t decision mr.rst be madc prior to sampling: a

balancc must be achieved ber*'ecn the effort involved in collccting (and

potentiallv not needing) additional animals. compared to the benefits of

bcing assured rhat rhe final analyses will permit staristically acccptable

statemens about P'-

L If more than 50vo of the samples <DL (sampling scenari o #2), but the uppcr lirnit oa p'

is acceotable (i.c., there is greater than gSVa confidence rhat p' <SVo ot.tbc population,

given a scientifically defersible assumption on rbe value of o and based oo an analpis as

illrxtrated in Table 2), then concludc rhat no health da;':ger cxisu and end rhc srudy.

3' If more than 507o of the samples <DL (sampling scenario #2), but the upper timit oa p'

is unacccptablc (i.e., it cannot bc stated wttb 95Vo confidencc rhar p' <SVo of the

population), then rwo choices exisc accept that rhe anirnals mav present a potential health

daoger and end the study, or improve confidencc io thc conclusion by garhering more data

to improve sratistical power.

If more dara need to bc analped, different strategies are employed

for different species (Table 2):
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o., For sma[ animab. the mass of tissue available for analpis is limited. but morc

animab are available for analysis. Therefore. rhe sratisrical power *ill be increased

by analging some or all of rhc animals hetd in reserv-e.

For large animals. sample volume is not limite4 so we will dccrease

DL by extracting the larger volume tissue samples held in reserve.

Animals held in reserve can also bc analpcd to increasc sample

number. but irupection of Table 2 suggess that a decrease in DL

(which increases k') wiU have a greater effect in improving

statistical confidence

4.0 SUMT{ARY

Pollutans in the environment may pose risks to human health via contaminated food

sourc6- Sincc many PollutanB may be presented in biota at concentrations below the detection

limis of existing methods. analytical anall:es could providc oondetectable values. A stratery for

sampling and statistical analpis is present that accommodatcs the detectioo limis of rhe analrtical

technique used and the criterion leveb established for tissue conccntrarions.
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Table 2. Uppcr 95Vo C-oofrdcncc I;mit Ou P'

for a Population at Sizc N = 4Od

k'a '

1.00.5 2.0

0.13

0.22

0.61

0.05

0.14

0.50

0.03

0.11

0.46

0

1

)

0

2

i0

10

20

30

O, 0.05

0.10

0.41

0.m1

0.m5

0.07

0.02

0.05

0.31

0.01

0.04

0.?3

0.004

0.01

0.11

0.0004

0.003

0.06

0

J

l 5

I Derived from informarion in Wright (l99l).
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o LEGEND

Figrue l. Graphic rcprescntation of a sampling and aoalysis decision trec.
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