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Summary 

recent Washington Werks employees, Based en a crude analysis 
of these data,  t h e  teSUlt6 suggested t h a t  certain worker6 w i t h  
-tent 1.1 ammonium perf luorooetanoate p a )  exposure might be 
s h o w i n g -  l i y e r  effects. Also, &+vera1 ungubl&ehed an$mal s t u d i e s  
have shown t h a t  E-6 prduce6 l I v t r  damage when St $e g i v e n  at 
moderate or high doses. As a conseguenee of these f indings ,  CI 
more detailed m3aeSaasnt of C-8's health e f f e e t n  in Waohhqton 
Works emp3oyees was undertaken. 

Or .  Y.  L. Power a~sembled biochemical d a t a  on rome 

Data from r o u t i n e  b l o d  tests w t e  collected and 
compared among groups of Teflon* area and nnn-Teflonm area 
wrkers. LDR, AP, and Mlfrubin-vere ctrrdled, s i n c e  
these tests are generally good fot detectim l i v e r  disease. 
WithSn the Teflon. area, C-8 exposure groups ware def ined by 
vork Qistory and by brood organic fluoride l e v e l .  

occupationally related h e a l t h  problem awng w r k e r s  exposed 
to C-8-  
be l i ver  e f f e c t s  attributable to C-8 exposure, furFher analyses  
d id  not support t h i s  pesitfon. 

Backqround 

The Teflon. area consists of t w o  d i v i s i o n s :  
Teflon* Polymers DivIlion and the Teflonm Copolymer6 Dtvision. 
The Teflmne Polymer$ Division, produces tetrafluoroethylene 
(PFS) and hexafluaropropylene (HPP] ranomer6 and Teflon@ poly- 
merb. These pblymets are made by bstch processes. -nlum 
p@rfluorooetanoate [C -8 )  i s  a d i s w r s i n g  agent added te nearly 
a11 of the polymer prows,oes. The motKupers do not  contain 
c-8. 

. 

These data provided no conclusive e v i d e n e  of an 

although i n i t f r l  analyses  6u9gested that there might 

the 

The Teflon. Pchymers DivI6ion makes three type6 of 
polymer products: f f n e  peuder.. dispersion, 8nB granular- More 
C-8 i r  u&ed for discperdon than for f i n e  powder prorluets- 
Granular prcduets use less C-8 than Bo dfspersion products- 
Two continuous driers remove nearly a l l  the C-8 from f i n e  
m e r ,  and washing and drying proeesser remove e s sent ia l ly  
a l l  of the C-8 from granular products, 
contain roughly 0.3 percPnt C-B based on solids. 

The Teflonm Copolymers D S v i s f o n  produces four q o l y -  
mere, a11 of which contain  TPE, 
made by batch procesetr&* The fourth, Teftelm, i~ made by a 
COntinUOus process, C-8 3s added as a disperssng agent for  
all of t h e  copolymers except Tefae lm.  Fluorinated ethylene 
PrwYlene '(F&PlI the major clopolymer, makes up about 60 percent 
Of the eopalymer p r d u e e d ,  PEP eonsfsts of TPE urd hexafluaro- 
preupylehe (BFPJ - 

Dispersion products 

Three of these coplymers are 
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The FEP falymerlzatian process also generates an 2 
T h i s  change 

situ dispersing agent. In June, 3976 the phnr b g s n  sdding C-8 
S R n S h g  agent to inctesse the reaction rate. 
reduced +he amount of time needed for the  proceerr bnd also reduced 
t h e  amount of i n  s i t u  dlspersfw agent t h a t  ua6 formed. However, 
60- -- in situ d G p x n g  agent Sin 6t fIZ E o r m d  i n  a l l  PEP batchrb. 

t 

'Unti-1 the PEP plyme& teaches the  hmfd heat treating 
ovens, it eontrins in s i t u  as vel1 as C-8 d i s p t s i n g  agent. 
FEP p4lyner is very ducty,  So, i n  the processing steps betwen 
the PEP polymerizers and the ovens, there is s i g n i f i c a n t  p t e n -  
L i d  for exposure to C-8 and i n  s i t u  d i spers ing  agents. 
dispersion products eantain iraitu dispezsing agent and about 
O . ?  percent C-8 based on sal-idsc 

-- 
mP - 

In situ disprsim agent is hot -11 daraetsrized. 

On B 
It fs . b l G e d  to ,be a mixture of homologs of low mmlseuXar 
weight TFE - BFP compounds, eOme w i t h  acid ehd groups- 
uelght k s i s  It is less surface active than C-8. 

Corporation and a t  Drl Pont have found tha t  -derate and high 
dose levels of C-8 produaed liver damage, 
irreversible l i v e r  damage, elevated l iver enzyme tests, an8 
enlarged l i v e r 6  were found. 

' l e v e l ,  exposure router sex nnd species tested. 

current Wushington Works employees who had had company physical 
emn€nat ions  In 197%. Based on a prelbinary  analysis of these 
data, the results &ugge8ted tha t  eertain wrkers  with potenthi1 
C-8 exposure might k showing l iver effects. 

A 6  a Consequence of the previous animal s t u d i e s  of C-8 
aird of Dr. Pouer.8 p r e l h i n a r y  findings, a amre d e t a i l e d  e~sess-  
rent of c-8'~ b e a l t b  affects in Washington Works employees vu6 
undertaken. 

Several unpub5Ssbed a n b a l  toxicity studies done at  3M 

Both reversible ahd 

Study results depended on t b e  dose 

_' 

D r .  Y .  L, Pwer assembled biochemical data on 6 0 ~ ~  

Study Objective 

exposum to t -8  adversely affects l iver Eunetions as measured 
by blood levels  of g lutamic  oraloaeetic transaminase /SCbT), 

The objective va@ to deternine whether occupational 

lactic dehydrogenase (LDH) I alkal ine p k p h a t a ~ e  (AP), and' - 
b il i r ut, in. 

Hete: !fhese blood test6 are neither 1QOR s e n e i t b e  nor ;toor 
q ~ e c i f i e  for detecting l iver disease. mare are a nmber of 
ci3etaastancee under vhich the test may gave false positgve of 
f a l s e  negatfve r e s u l t s -  These efrcumstances are d i s c u s s e d  ut 
the end of the papet undet Liver function tests:. limitations, ( 

. . __. . . . . 
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yethuds 

1, General design 

Recent blood t e s t  results far PGQI, AP, LDH, and 
bilirubin were compared betveen C-8 erpoaed slld non-exposed 
vorkers st Washington yOrk6. 
spedffc Teflon, area Job end by blood fluoride l evt l .  

Te6t results v e r ~  s tud ied  by 

2- . Selection of study groups 

The i n i t i a l  group consisted of 96 Washington Works 
employee6 who uefe in one of the following Teflon. area jobs 
as of October, 1979t 

0 TFB prom88 operator 

w PEP promess operator 

* TFE service operator 

PEP 6 e E V i ~ e  operator 

Laboratorian; monomer operatort Teflon? area 
engineer, ehemist, or forernha. 

This group included 7 8  workers who had been tested earlier in 
the year fbr blood fluoride levels.  

Only TFEIPEP process end service operetot6 were eon- 
sidered to have had s igni f icant  potential- for exposure to C-8. 
Homer operators, 6@m$-WOrk8 laboratorian$, and Teflonm m e a  
foremen were kept  nl; a separate cmpazisoh group, since they 
mrked In the Teflon area but bad only l i m i t e d  C-8 exposure 
potential. 

The number In t h i s  graup was later Bcopwd te 88.  
6fnm 8 workers had not Wrked i a  the  Teflon. area prior- to 
t h e i r  mst recent blood test. These 0 wrkers were bdded to 
the non-exposed group t i  .e. 

deta i l ed  Teflon. area wprk histories fron plant records and 

sheets ( table  I ) &  4 

the control group). 
For these 88 employees, J. P* Doughty gathered 

personal intervieus. Work historses were copied to d e  

3. Selection of a nonexposed control group 

The oontrol group eonshted trf a I O #  systematic sample 
Of al l  nctive Washington Works employees who, us Of AUqUstr 1979, 
had trever worked in t h e  Teflon%rea. Wechanics and laborstorians 
yere excluded from the cotlttoLs, s ince  their expo~ure potentials 
tould not be well dacumented. 

. - 
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The group was selected i t r  the following manner: 
Dr- Y- L. Power p u l l e d  every t enth  tecord Prom the  plant's 
clphabetixed medical  f i l e r  for a c t i v e  employees. These workers' 
nanle6 were then g iven  to 5 .  P. Doughty, 
through personal interviews, Doughty ebtained these workere' 
work histaries. Workers who had worked in the Tef lon+ m e a  Or 
who had worked a6 nechades m r  laboratorlane uer& then dropped 
frqm the list. The rernainsng workers eclnstituttd the control 
group. Eight- more wrkers were later transferred ftm t h e  
exposed to the Eantrol group, because these  8 had had hm paten- 
t i h l  C-8 expesure prior ta their mast meetit blood test- 

t: From plant  records and 

1. liochemicsl blood t e s t s  

As a part of toutitte physical e r d n a t i o n s ,  each 
wrker's blood f s  tested for I2 biochemieai markers. 
tes ts  are c a l l e d  the SHb.12. 

exposed and control uarkcrs vas capled to code sheets ( t a b l e  
2 ) -  
a d  by t h e  same m e t h d 6 .  Very feu SU-ltms bad been done 
hefore 1971-75. Every m r k e t ' ~  mest recent 6M-12 had h e n  
done s ince  1977. only . tests pertaining to the lPver were 
s t u d i e d .  These included the $GOT, AP, LDB, and bfligubin- 

These 12 . 

From plaht rnedicql re-fds, ewery SM-12 on the 

All $MA-12 t e s t s  had been performed by the  same l a h r s t o r y  

5 ,  31ood f l u o r i d e  levels 
C '  

Prior to this 6tUdyI blood fluoride levels had k e n  
measured on 7 &  of the plant's Teflona area workers and On 25 
W i l d n g t o n  office workerg. 
heen made a t  Jackson Labratory by the  OH (bo&) method. l b S t  
of the workers tested ut the plant  hadl had potential C-8 expo- 
Sure. 
blood fluoride l e v e l s .  

Blood f luor ide  measurements had 

Lioe t  function test results were arlalyted according to 

6. Statistical methods 
S M - 1 2  results w e r e  studied by erpasure status, by 

specfg€c Teflon. area job, and by blood fluoride B e d l e .  
Analyses were based on (1) t e s t  Mans m d  (2) the preportion 
f a l l i n g  into the highest l iver f u n e t h t l  t e s t  deeile. 
highest deeile was defined a6 the  range in which the top 10 
percent of a11 control and exposed gro~~pc' test values lie. 
On the afrrmgell then, one would erpect t h a t  10 pertent of the 
control gTOUP'6 values would fa11 i n t o  this d e d l e .  Unless 
Stated atherwise, test values were from the worker's most 
recent SM-12. 

Group Bifferenees in SPo&hemistty test means were studied by 
analysis a€ covariance and least s i g n i f i c a n t  difference tests 
(LS), 
Dk 6er- 
t h n 6  was assersed by FiGher's exact te6t.  
Perfmmped, and p-values less than 0-10 were reported. 

me 

This analysis adjusted for any group d i f f e t e n e s  in age 
The statistical signiflean= of differences in propor- 

*+tail keet6 were 
(J 

, . . _. ... 
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R e s u l t s  

I 1. , T e s t  validation 

Dr. Y. LL Power provided preliminaty data On the bm-12 
resul ts  fot 1978 ( tab le  31. 
population as & whole had an unusually large percentage of 
elevated Em'S. W0T'b; were e levated  i n  19 percent Of the 
workers whereas e l t v a t i a n s  would only have been erpecked i n  
a b u t  59 based on random 6 t a t i s t i e a l  variation. 
and LbH t e s t 6  showed plant-wide elevations t m  8 ,  4 ,  b d  3 
p e r e n t  of the workers, respectively. 

One nf two th ings .  
affecte0, or the plant'g SGOZ t e s t  was invalid. 

Dr, Power took two  step6 to  va l idate  the SGOT test* 
F i r s t r  he took blood samples from a b u t  100 worker8 and sent 
half  of each blood sample to  the standard laboratory lGeher81 
Consultants, Ine,) and the other half  t o  an Upjohh Laboratory 
te h tested. When tbe results of the standard laboratory were 
plotted against the results of Upjohn {figure 11, the kY4 
laboratories were correlated. High SCOT'S et  the standard 
laboratory w e r e  high at Upjohn, and low SCOT'& at the standard 
were l o w  at Upjohn, 

sowewer, at a l l  S6OT l e v e l s  the standard lahratory's  value was 
higher than Ppjahn'r, 
s t a h h r d  laboratory's values were mrbnormal whereas -ne from 
Upjabn f e l l  in the *abnormal* range. 

method (manual entymatie) t o  rearralyxe samples that  showed 
e levated &GOT's by the fl#st m e t h d  {automated colorhetrfcl. 
Xn the 22 retested samplesr only one saiuple was faund t o  k 
e levated by the seeend method ( t a b l e  4) .  Uben the results of 
the f i r s t  method were plotted against the cemnd, the  results 
were correlated ( f igure  21. 

The interlaboratary and int+rmettrod eompari$;ans 6ug- 
gested t h a t  

S O T ' S  measured a t  the standard laboratory by t h e  
etandatd methad w e r e  systematioally higher than the 
true blood levels. 

These data showed that  the  plant 

AP, bilirubin, 

*he large, plant-wide elevation8 i n  $GOT'& Suggested 
Either  wrkers in msny different areas were 

d 

Furthermare, about 16 p e r e n t  of the  

L I  

Dt. Power also had the standard laboratory Use c 6emd 

I 

a 

f, . 

Bp the standard meghad the standard laboratory's 
observed range E-ot mnomal* SGOT va lues  was con- 
siderably higher than t h e  stated normal range. 

Va l id  SGW leveL forrrparirsons can be made between 
exposed and nonewpasd groups. pravided t h a t  t e s t  
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means of t h e  proportion fs11iaq i n t o  the highest 
test d e r i l e  sre u6ed. 
correlated k t w e e n  labrptor ie s  and between 
arethoda, v a l i d  betweerrgroup comparisons are 
possible. 

Since GGQT levels were 

2. Liver t e s t s  by jeb 

the clontrol group'e mean of 39. 
uockera' mean AP's of 101 and 81, respect$vely, were bigher 
than the control group's mean of 64. 
statigtlcslly significant a t  the  0.05 probability level (table 
5). 
nifieantly (p<O.OS) larger proportions of the AP values f a l l i n g  
h t o  the  highest test becile { table  6 } .  

There were ne other 6IgnifScant Bifferenms between 
Teflon. area w o r k e r s  and controls 4 t h  respect to %Of, AP, 

TFb process workers' mean EGOT of I S  was hlghet  than 
PEP ServOee and process 

These difference6 were 

Sfrsilsrly, FEP process and FEf service workers had C i g -  

bilirubin, LDR, 

3, L iver  tests by b l o d  fluoride level 

The mean S6OT. for the highest b l o d  organic fluoride 
decile YBO siqfiif icnrtly higher than the mean far t h e  lower 
nine Bedleg  ( 5 2  vs 10, respect5vely)- flewever, when the data 
were broken down i n t o  indiv idual  erganif fluoride d e d l c s ,  t h e  
data did not shew a typical, steadily rising dose-response 
curve ( tables  7 and 81, In feet, the second and third htghest 
mean SGOT's were found i n  the  fLrst and third deciles.  I t  f S  
still,possible, however, t h a t  the h i g h  SCOT'S teen in the 
h ighes t  decile axe somehow related to these workerst organic 
fluoride levels -1 the highest d e c i l e  could be the effectho 
effect threshold. 

f '  

AP, LDEl, rnd b i l irubin  showed no unusual, elevations 
when ronpated by organlr fluoride dee i l c .  
&DHr an8 b i l i r u b i n  the-d no relationship to Snorganir fluoride 
levels. 

Likevise SEW, AP, 

4. BPboB fluoride level by job 
TFE procearr operators Bade up about o n e  th ird  of the  

78 workers tested for b f o d  fluorides. B u t  when t h e  16 worker6 
from the two top organic fluoride deeiler were l isted by 
Teflon. axear 12 of tbe uorkers had been 'PPE process aperators 
8t the  time they were tested. Pour athers bsd werked as TFE 
proms8 operators within I to 2 years prlox to the time they 
were  tested- The number bf y t a t s  of warking with C-8 or, Of 
warking i t r  the  Teflon* area d i d  not appear to be related to 
organsc fluoride l e v e l  (table 91. In fact, t h e  third h i g h e s t  
organic fluoride Ievel was messured i n  a usrker having l e s t  
than 3 years a*periemce with C-8, t 
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These data suggest thrt  TPE proee66 operators hawe 
the h ighes t  potential for erposure, and thst o d p  3 Years of 
C-8 c e n t s e t  may be sufficfent to e levate  blood organic fluoride 
Jewel&- 
TFE 6eWiCe oparLtOr8. 

ment appear& t o  be unrelated. 
l e v e l s  occurred i n  TfE and PEP process operatarsf monomer 
eparsbrs,  am3 semiworks laboratorians (table lo] .  
office uorkef6' blood fluoride levels have k e h  included for 
-atison; t h e i r  
who are not aecupationslay exposed to  fluorides (table I l l -  

5, Liver tests by job? dl f f e tenees  between before an8 

proceea operators usually have -re seFv5Ce than 

Bl-d inorganic fluoride level and Teflon are4 assign- 
The highest inorganic f l u o r i d e  

Mlmington 

awe16 should tepresent t h e  nerm for mrkers 

a f  tet exposure 

Very feu workers had l iver tests  that vere done before 
Since the wrker6 havfng b t b  before a d  after exposure began. 

and after tests  ray have h e n  8 select group, the resul ts  Of 
these cwaparisons should be treated witb cautbn. 

8UggeSt that PEP precess and PEP service Wrkerkz' hP levels may 
have r i sen  following C-8 exposure [ table  121. Tbir result 
JupPotts the  earlier observatioh thst PEP workers' aokt recent 
AP Xevels were higher than the control mean- EOUeVef, these 
tw observa t i e n s  are not independent. 

before and after differences with respect t'o SCOT, APr LPH, or 
bilirubin- 
that SCOT was elevated tn TPE procese mrkers. 

The before 4nd after C-8 exposure tmnparisonri wbk3Y 

TFE process and TFE service operators s h w e d  no unusual 

The result  does not support the earlier observation 

All .after' tce ts  vere based on the mrhf'b mOSt 
recent phyaleal e x a d n a t i o n .  €or cxposcd ~ b r k e r 6 ,  the .hfofem 
tests were based on the -rht,'o most recent physical exai5lrb- 
tion prior te mving into tbe CI-8 exposed job. fn the Control 
graup, the *beforeu tests  u w e  based en the wtket% physical 
exminat ion immedLately prior to h i s  1979 physical.  

Dlseussioa 
Based on the data abve ,  there i s  no conclusive evidence 

of an aeeupationa& related health problem among workers expbsed 
to c-8, 

come of the SCOT data 6uggested that there might be 
a l5vcr effect among cer ta in  C-8 exposed workers.  The mean 
S G ~  feg the process operator6 was significantly (pC0-05) 
higher than the non-Peflea. area c o n t r o l  =an. TF'E prOCeS6 
opetator6 as a group bad considerably higher organic fluoride 
b l d  levers than athet *Elon+ area mrkers. Worker6 i n  the  
highest organic f lbor ide  deeile had a s i g n i f i c a n t l y  bfgher SGOT 

than workers in the lower nine d ~ i Z s ~  
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However, in othet respects $GOT showed poor Eotrelhtfon 

Te€lon. area uotkers with Sittle or no C-8 
exposure h8d a -an MOT that  V I S  nearly 16 
high 86 t h e  T F E  proees~ operltor6' mean- 
Teflon. area workers uitb little or hD C-8 expo- 

h V t ? 1 6 ,  t h e i t  elevrted SGOT could not realis- 
tically be caused by C-B exposure. 

Worker8 frm the  t h i n 3  lowst blood organic 
fluoride declle had an 6GOT mean t h B t  V I S  
nearly as bfgb as the  top dteile's mean- 

Other puet l ing  ,f$ndinge wete tbnt neither &PI LDB, 
mt b i l t r u b i n  means were e levated  8 ~ n g  TPE operators. 
patient t r u l y  had a chemicully h d u c e d  ISver dfsease, one w w l d  
expect one or more of these other b l e d  tests to & elevated. 

re rv iee  ah4 PEP procecs operators, 
tes ts  were elevated eetrg these uorkers, and AP d i d  not corre- 
l a t e  w i t h  blood organic f luor ide  levels.  

with  organic fluoride level ahd with e-8 exposure. 
(. 

E i m e  

.-sure also had the lowest blood organic fluoride 
A 

f f  I 

Hean hP w a s  s ign i fScant ly  (pC0.05) higher among PEP 
Y e t  none of the other blood 

€t seems Yew unlikely that a single material Would 

More l i k e l y  explanation6 for 
rafse only 8- l eve ls  in one worker greup and raise e n l p  A? 
l eve l s  in another workex group. 
the S60T and AP eleveations &re: 

I The exevations resulted from chance events  and 
were not causally related to e-8 expasum- 

Certain umeasured confounding factors such 15 
alcohol consumption or drug use may have inf lu-  
m e e d  tbe blood t e s t  m s u l t 6 .  

It i s  also possible, hovever remote, t h a t  occupational cgposures 
to other toxle materials w e r e  rcrponsible for the  observed 
efevations- For instance. aeute and chronic exposure to 
Imgganfe fluorades eah produa esteamslac5sr a . b n e  diae&se, 
This bone dioease is often sssoeiated vltb elevated levels Of - '  

' LCmm AP, I 
1 d 

fiiver function tests: limitationg 

ES{liablfi, SGm, AP, and LDB aS6e66 d f f f e t t n t  mWOe 
qentr; of a 1 i v e r . i  h e a l t h  and function, Only e e r u m  hixirubin 
fs b. true l i v e #  function test. SOT,  AP, and LDE &re actually 
enzymes that are nomefly present a t  d e r a t e  levels f n  the  
serum, They m a y  s t t a l n  higher l e v e l s  aftet vm~.ious typeS Of 
l iver damage have occurred. 
l i ver  e l l e  bnd in to  the b l a d  etrem. Elevated AP levels, 
on the other hand, spmar to tesul t  from damaged l i v e r  cells 
6Ynthe6it fng and rt lebs ing  more enzyme, 

. 
SGOP amd LB8 Leak out af damaged 

- . . . ., , . . .., 
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men assessing positive and negative t e s t  results ,  
several paints should be kept $ti mind: 

The Ziuer ha6 CL large f u n c t h n a l  reserve and a 
great oapaefty to regenerate itself crfter 5 t  ha6 
been damaged. 6tuUieo h w e  shown that  within 8 h U t  
a week after having removed ever 80 percent of a ' 

_ -  ta t1& l i v e r ,  one can find a liver of ec6entlally 
nprlarl weight and function. Consequently, mild  a d  
sometimes -derate l iver injury ofteh mcy hot k 
aeeurately reflected by changes in l iver function 
tes ts .  

e 

a 

m 

1 

some l iver functions are muck more sensitive to 
injury t h m  others. Thus, 8-e l iver  fUnCtSOn8 
(and function tests) may show changes while others 
do not, 

There i s  no one single telst or procedure t h a t  
e f fect ive ly  m e a s ~ e s  the  total function of the 
Iiver. 

There i s  no direct quartitative correlation hetween 
the amaunt of liver -11 injury and t h e  height bf 
serua enzyme leoels, 
generally found with more severe injury.. 

Woweuerr, higher levels are 

T f  the 6erum enzymes are measured t i m b t h e  U f t e Y  
the acute i n s u l t  of gnjury, the i n i t i a l  rise may 
have been missed.  Thns, norma1 at lou serum 
enzyme leuels may be faund hs a eonsequence of 
a decreased f uhetioning l i v e r -  cel l  mass. Simi- 
lar ly ,  certain types of eirrhosh are associated 
with only slgghtly elevated or even normal SGOT 
i e v e i ~ .  

. 

SGOT, AP, and ZADB may k elewntgd f r o m  cause6 
other than 1i-r damage. 
the present i n  eomal serum i s  derlved ftm 
the bone. s i g h  levels of AP oecut in patients 
u l t h  bone diseabes chmraeterized by asteoblastie 
activity- These include rickets, o$teonafacia, 
and healing Eracturts, Grew$kg ehildren and 
pregnant uomen in the t h i r d  trimester have e levated  
serum Ap levels. 

For inetrnce, w s t  of 

SGOT hnd m8 nay a l s o  k elevated in pat ients  

cmrdiae atrhythmlas, congestive beart fa i lure ,  
perlccrdith, and pulmonary infatation. 

There are other enzyme tests that  &re more send- 
tive to  e r t r i n  types of . I f v e t  disease than are 
660T. AP1 and tall, One of these 16 gsmaglutamyl 
transpeptidase I-]. This tnzyare fs elevated in 

during e p l s d e ~  O f  acute myocetdid inE&rCtfBe, 
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A l iver testis sensitivity can be def ined  a6 t b e  
ability t o  correctly Ldentffy persona who have 
l i ver  disease. Specificity cab b defined LS 

. - t h e  c b i l i t y  to eotreetly Sdentify prc6ns who 
do not have liver ditiease, S e n s i t t v t t y  and 
speCifk$ty  have not been sdeqoatelp ctudied 
for 1 i ver  funet i o n  tests. 

While a large amount of I~form~tfan is a v a f h b l e  conmttting 
biochemical measures a€ acute hepatic injury, w have l imited  
data about the effects of chronlc leGions on the biochemical 
tests and on the rensitgvitv of these test6 in 4eteCtfW chronic 

a 

t r i jua  or the sequelae of acute injury. IpuidelSncs for-tbe 
h t e c t i o n  of BepatetowicJty Due to D r u g s  and' Chemicals. HI€! 
Publication lo. 79-313. Oet .  '1979. pp. 93-31). 

Liver  funct ion t e s t s  are most use fu l  if they ean 
be used ser ia l ly  to assess health before, during, 
and after exposure- So-called mabhomal* values 
for one individual  r a y  be anermalw fof another. 

Homal/abnormaL diehotqmy vs the continuous approach 

et abnormal can h e i t h e r  funct iona l  or s t a t i s t i c a l .  On a fune- 
tlonal basis. any value could be EDnsideted normal S f  there 
YeKe no itrcreased r i s k  aseociated with it* On a s tat i s t ica l  
ba6I6, a n o ~ a l  value could be any one tbat f e l l  u5thin the 
linitE in whzch X percent (e-g,, 95%) oE the population fell .  

measurements as normal or nbnormal: it oversimplifies a -- 
plea problem- Disease and hea l th  1Pc alow a eOntinuuta. For 
instme, .feuen within the e b t r a l  951 af the total range of 
blood preseures, there is a gradient such that persons at the 
upper end ate s t  I greater r i s k  of rdnary henrt disease of 

alsb  hold for l i v e r  function tests.  *us, analyses  based on 
group means mort often w e  the data mre efficiently than 
ana2yses based on the percent "rbnomrlm. 

The bsais for elas~ifying a liver t e s t  value as normal 

There is a major digadvantage to classifying v n t i n b o u s  

Ltroke than those a t  the lower end. I" IC s h i l a r  si tuat ion may 

A possible theoretical advantage t o  the dichotomous . 
approacb i 6  +hat it might be more sensitsve to *OJtl ier#*,  
values on the high si-ee af normal, than 16 an analysis  Of 
M8ns. However, in anha1  toxicity studies ptaet5celly a l l  
statistieel  analyses of biochemicsl test6 are based on means 
rather thna o n - t k  proportion above et klopr a e e c t a i n  ucrlue. 
Furthermore, the nmkr of trpergrwhthl observatlons needed to 
detect a real effect is considerably l t ~ s  uben t h e  analysis is 
based on means than when it 1s based on propartions ( a l l  else 
b i n g  equal and acsmlng an underlying eontihumus vsrf able}. 

- 

I 

- .  
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