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Recent years  have seen the c r y s t a 1 1 i z a t i o n  and implementation of a 
s y s t e m a t i c  framework fo r  assess ing  the hea l th  r i s k s  a s soc ia t ed  
with exposure to environmental  t ox i can t s  (U.S. Environmental 
P ro t ec t ion  Agency, 1988a-e). While these  methods are o r i en ted  
toward human publ ic  hea l th  r i s k  assessment,  they can be adapted 
for  non-human (e .g .  w i l d l i f e )  environmental contaminant r i s k  
assessments.  Broadly,  r i s k  assessment includes  one or more of the 
fo l lowing components: hazard i d e n t i f i c a t i o n ,  dose-response 
assessment,  exposure assessment,  and r i s k  c h a r a c t e r i z a t i o n  
(National Research Council ,  1983). This paper d iscusses  two 
regress ion  methods for  eva lua t ing  avian food avoidance da ta  by 
determining an environmental  t ox i can t  d i s c r i m i n a t i o n  th resho ld  
concen t ra t ion  (DTC). This informat ion can then be incorpora ted  
in to  the exposure assessment component of environmental r i s k  
assessments.  

A s i g n i f i c a n t  component of an an imal ' s  t o t a l  exposure to a given 
environmental t o x i c a n t  i s  v ia  i t s  d i e t .  Exposure assessments can 
be enhanced by informat ion  obtained from s tud ies  of d i e t a r y  
avoidance behavior .  Die ta ry  avoidance s tud i e s ,  involving 
measurements of f r e e l y  exposed animals '  consumption of t r e a t e d  and 
un t rea ted  food or water a t  d i f f e r e n t  contaminant concen t ra t ions ,  
can i nd i ca t e  whether a given species  i s  able go d i sc r imina te  
between contaminated and uncontaminated d i e t a r y  sources.  I f  (1) 
an animal can de t ec t  (e .g .  by s i gh t ,  smell, or t a s t e )  d i f f e r e n c e s  
between contaminated and contaminant - f ree  d i e t a r y  sources,  and (2) 
given such d i s c r im ina t i ng  a b i l i t y  i t  can a s soc i a t e  c e r t a i n  adverse 
e f f e c t s  ( u n p a l a t a b i l i t y ,  nausea, e t c . )  with consumption of 
" t a in t ed"  food,~then (3) avoidance of the contaminated d i e t a r y  
source i s  poss ib le  (assuming a v a i l a b i l i t y  of a l t e r n a t i v e  un t a in t ed  
d i e t a r y  sources) .  Es t imates  of the l i k e l y  magnitude of d i e t a r y  
exposure 5o environmental  t o x i c a n t s  would be improved over those 
derived from blanket  assumptions of uniform d i e t a r y  consumption 
r a t e s  i f  a r i s k  assessor  knew t h a t  a given species  had the a b i l i t y  
to  de t ec t  and avoid food contaminated with a given t o x i c a n t .  

Send r e p r i n t  reques t s  to  Douglas W. Kononen, Operating Sciences 
Department, General Motors Research Labora to r i e s ,  General Motors 
Technical  Center ,  Warren, ~ ichigan 48090-9055. 
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The following definition of discrs behavior is proposed. 
Discriminating behavior (at a given dietary exposure level) occurs 
among a group os animals given free choice between equally 
available treated and untreated dietary sources if consumption of 
clean food exceeds consumption of treated food. The highest 
dietary contaminant concentration at which equal amounts os 
equally available clean and contaminated food are consumed is 
termed the discrimination threshold concentration (DTC). Dietary 
contaminant concentrations exceeding the DTC elicit avoidance 
behavior (the ratio os treated to total food consumption declines 
in a d o s e - r e l a t e d  manner). 

MATERIALS AND METHODS 

Data were ob ta ined  from an experiment designed to  eva lua te  
northern bobwhite (Colinus v i rg in ianus )  avoidance of carbofuran-  
contaminated food ( ~ ,  e t  a l ,  lg87) .  For each of f i v e  
t rea tment  l e v e l s ,  two lO-day-old b i rds  wi th in  each of f i v e  
r e p l i c a t i o n s  (pens) were f r e e l y  exposed for  f i v e  days to  equal 
amounts os c lean  and carbofuran-contaminated food. Each pen ' s  
consumption of t r e a t e d  and c lean food was measured d a i l y .  Five 
day average food consumption da ta  (grams per b i rd-day)  fo r  each 
experimental  un i t  i s  l i s t e d  in Table 1. Table 2 summarizes Table 
1 data  by averaging ( for  each t rea tment  l eve l )  food consumption 
across  exper imental  u n i t s .  In Table 3, Table 1 da ta  are 
dichotomized to  r e f l e c t ,  fo r  each t rea tment  l e v e l ,  the number os 
pens where the r a t i o  of t r e a t e d  to  t o t a l  food consumption was l e s s  
than 0 .5 .  This d ichotomiza t ion  of Table 1 data  was necessary  to  
provide quanta1 response input  ( i . e . ,  did or did not  respond) to  
the p r o b i t  a n a l y s i s  method d i scussed  below. A l o g ( d o s e ) -  
log(response)  and a l o g ( d o s e ) - p r o b i t ( r e s p o n s e )  model were app l ied  
to each da ta  s e t ,  r e s p e c t i v e l y .  

RESULTS AND DISCUSSION 

The following simple linear regression model was applied to Table 
1 and Table 2 da ta .  

1. lOglO(Tr/T ) = lOglO(a ) + b[log10(dose)] 

where Tr = grams per bird-day treated food consumption 
T = grams per bird-day total food consumption 

dose = dietary carbofuran concentration (ppm). 

The r e s u l t s  of Equation (1) appl ied  to  Table 1 da ta  are ,  

2. lOglO(Tr/T ) = 0.2765 - 0 .2615[log10(dose)]  , 

R 2 = 0.57,  t b = -5 .52 (p < 0 .001) .  

Se t t ing  (Tr/T) equal to  0 .5  and so lv ing  for  the DTC r e s u l t s  in,  

3. DTC = antilog{[lOglo(0.5 ) - 0.2765]/-0.2615} 

= 162 ppm. 
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Using the l i n e a r  c a l i b r a t i o n  confidence i n t e r v a l  e s t imat ion  
procedure o u t l i n e d  by Snedecor and Cochran (1967), a c a l c u l a t e d  
n i n e t y - f i v e  percen t  conf idence i n t e r v a l  fo r  the above DTC (ppm) i s  
(23,8Ol). 

Equation (1) app l ied  to  Table 2 da ta  r e s u l t s  in,  

. 

. 

lOglo(Tr/T ) = 0.2868 - 0 .2642[ lOglo(dose) ] ,  

R 2 = 0 .97,  t b = -9 .64  (p < 0 .005) .  

DTC = a n t i l o g { [ l o g l o ( 0 . 5  ) - 0 .2868] / -0 .2642} 

= 168 ppm. 

Ninety-five percent confidence limits (ppm) for this DTC estimate 
are (65,333).  

Although i t  i s  always p o s s i b l e  to  so lve  fo r  a DTC r e g a r d l e s s  of 
the l eve l  of s t a t i s t i c a l  s i g n i f i c a n c e  of the r e g r e s s i o n  desc r ibed  
by Equation (1) ,  conf idence i n t e r v a l  e s t imat ion  i s  not  p o s s i b l e  
using the l i n e a r  c a l i b r a t i o n  method ou t l i ned  in Snedecor and 
Cochran (1957) un less  the s lope  of the r e g r e s s i o n  i s  s t a t i s t i c a l l y  
s i g n i f i c a n t  a t  the 5~ l e v e l .  This f a c t  i s  i l l u s t r a t e d  by f i t t i n g  
Equation (1) to  Table 3 da ta ,  r e s u l t i n g  in,  

. 

. 

lOglo (R/N) = -1.0429 + 0.3498 [ loglo  (dose) ] ,  

R 2 = 0.67,  t b = 2.48 (p > 0 .05) .  

DTC = antilog{[lOglo(0.5 ) + 1.0429]/0.3498} 

= 132 ppm. 

Equation (1) app l ied  to  the summary food avoidance da ta  l i s t e d  in 
Tables 1-3 r e s u l t s  in th ree  comparable d i sc r imina t ion  th resho ld  
concen t ra t ion  e s t ima tes  ( i . e . ,  162, 168, and 132 ppm, 
r e s p e c t i v e l y ) .  These r e s u l t s  i n d i c a t e  t h a t ,  under the  cond i t ions  
of the avoidance t e s t ,  nor thern  bobwhite do not begin to  avoid 
carbofuran-contaminated  food u n t i l  concen t ra t ions  are g r e a t e r  than 
130 ppm. 

Strictl~speaking, the quantal response data required by probit 
analysis preclude application of this method to the type of data 
presented in Tables 1 and 2. An earlier paper (Kononen, et al, 
1986) described an effort to determine a DTC (termed a food 
avoidance concentration 50 or FACbO) using a Iog(dose)- 
probit(response) methodwhere the response variable was the 
proportion of total food consumption which was treated food. 
Although the non-quantal nature of this response measure violated 
the probit method assumptions, this application can yield 
acceptable point estimates of the discrimination threshold 
concentration. However, statistical confidence interval estimates 
c a l c u l a t e d  with t h i s  type  of response informat ion may be suspec t .  
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Using the p r o b i t  technique (SAS I n s t i t u t e ,  1984) and the r e s p o n s e  
va r i ab l e  desc r ibed  in Kononen, e t  a l ,  1986, we ob ta in  the  
following model, 

8. {~-l(y) + 5} = A + B[lOglo(dose)] , 

where y = Tr/T and ~-1 = inverse normal distribution. 

Equation (8) appl ied  to  Table 2 da ta  r e s u l t s  in,  

9. {~- l (y)  + 5} = 6.3369 - 0. 6074 [lOglo (dose) ] , 

Chi-square = 0.0261 with 3 d.f. (p = 0.9989), 

FACSO = DTC = 159 ppm. 

With these  data ,  no confidence i n t e r v a l  es t imates  are c a l c u l a b l e  
for  the DTC. This i l l u s t r a t e s  the major d i f f i c u l t y  of the FAC50 
method. In Table 3, the da ta  from Table 1 are dichotomized in to  a 
quanta1 a l l  or none response .  I f  the r a t i o  of t r e a t e d  to  t o t a l  
food consumption was l e s s  than 0.5 wi th in  a given d i e t a r y  
t rea tment  r e p l i c a t i o n  (pen), then the b i rds  in t ha t  pen were 
assumed to  have responded to  the t rea tment  (by demonstrat ing a 
preference  fo r  c lean over contaminated food) .  Appl ica t ion  of the 
p rob i t  technique [Equation (8)] to  these  da ta  r e s u l t s  in,  

10. {~- l (y )  + 5} = -6.2703 + 5 .0120[ lOglo(dose)]  , 

where y = R/N (cf .  Table 3) ,  

Chi-square = 0.2286 with 3 d . f .  (p = 0.9895).  

The p r o b i t  method y i e l d s  a 177 ppm DTC es t imate  with approximate 
95~ confidence i n t e r v a l  (ppm) given by (0,294) .  Comparing the 
poin t  e s t ima tes  of the  DTC obta ined  with the  p r o b l t  method with 
those obtained with the simple log-log regression (Table 4), we 
see that both methods yield similar results. The advantage of the 
simple regression method is that it may be used with any of the 
levels of data aggregation summarized in Tables 1-3 while use of 
the probit technique requires the unabridged results (Table i) 
which must be dichotomized to yield a quantal response variable. 

Two simple r e g r e s s i o n  methods are proposed which, when appl ied  to  
the type  of da ta  commonly recorded during food avoidance 
experiments,  can y i e l d  po in t  e s t ima te s  along with g5~ confidence 
l i m i t s  of the minimum concen t ra t ion  of d i e t a r y  contaminant which 
w i l l  r e s u l t  in an avoidance response by exposed animals.  This 
concen t ra t ion ,  termed the d i sc r imina t ion  th resho ld  concen t ra t ion  
(DTC), may prove u s e f u l  in e f f o r t s  to  a s se s s  w i l d l l f e  s p e c i e s '  
" rea l  world" d i e t a r y  t o x i c a n t  exposures .  
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Table 1. Northern bobwhite food avoidance da ta  s e t  I 

Dietary 
Carbofuran 

Concentrat ion 
(ppm) 
154 

278 

500 

900 

1620 

Treated Food Total  Food 
Consumption^ Consumption^ 

Pen S _ ~  (g/b-d) z (g/b-d) ~ 
1 2/2 3.3 5.6 
2 2/2 2.7 5.6 
3 2/2 3.2 6.0 
4 1/2 2.8 4.9 
5 2/2 2.1 5.6 

1 2/2 2.8 5 .4  
2 2/2 2.9 6.0 
3 2/2 2.1 7.1 
4 2/2 2.9 6.3 
5 2/2 2.6 5.5 

1 2/2 1.9 6.5 
2 2/2 2.3 6.4 
3 2/2 2.3 5.5 
4 2/2 1.9 6.O 
5 2/2 3.2 7.5 

1 1/2 3.3 7.9 
2 2/2 1.9 6.5 
3 2/2 2.0 5.8 
4 2/2 1.5 6.8 
5 2/2 2 .4  4.0 

1 2/2 1.7 6.1 
2 2/2 1.5 5 .6  
3 2/2 I .  7 7.1 
4 2/2 1.9 6.4 
5 2/2 1.7 6.9 

1S/N = No. b i rds  surv iv ing  t e s t  period/No, b i rds  t e s t e d .  
2 g/b-d = grams per b i rd-day .  
3 Total  = t r e a t e d  plus c lean food consumption. 

Table 2. Northern bobwhite food avoidance data  s e t  I I  

Die tary  Carbofuran 
Concentra t ion (ppm) Tr 1 T 2 

154 2.8 5.5 
278 2.7 6.1 
500 2.3 6.4 
900 2.2 6.4 

1620 1.7 6.4 

1 
2 Tr = Mean t r e a t e d  food consumption (g/b-d) .  

T = Mean t o t a l  (clean plus t r ea t ed )  food consumption (g /b-d) .  
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Table 3. Northern bobwhite food avoidance data  s e t  I I I  

Die tary  Carbofuran 
Concentra t ion (ppm) R I N 2 

154 2 5 
278 4 5 
500 5 5 
900 5 5 

1620 5 5 

1 R = No. pens where the ratio (treated/total consumption) 
was l e s s  than 0.5.  

2 N = No. pens per t rea tment  l eve l .  

Table 4. Discrimination threshold concen t ra t ion  estimates 
(plus 95~ confidence i n t e r v a l s )  c a l c u l a t e d  with 
two separa te  methods 

Method Data Set DTC (ppm) l 95~ CI (ppm) 2 

Linear c a l i b r a t i o n  

Log-probit 

I 162 (23,801) 
II 168 (65,333) 
I I I  132 NC 

I NC NC 
I I  159 NC 
III 177 (0,294) 

1DTC = Discrimination threshold concentration (ppm) 
2 Approximate 95~ confidence interval for DTC. 

NC = Not calculable with the method used. 
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