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he kvel, mean microbial  counts,  mean mutant counts, and mean mutant
frequencies.

‘Due to the voluminous nature of the dominant lethal reports, it will
not be feasible to present all the data for each compound. We have chose,,
to present data on two indexes only: implantations per pregnant female
and dead implantations Per pregnant female. These comprise pre- and
postimplantation  loss and as such constitute the most relevant indexes.

As noted, in the protocols, toxicity (LD,,) was determined for each
substance Prior to testing. We
exclude this information also.

have chosen for the sake of brevity to

The Publication of these protocols by the FDA should not be viewed
as an endorsement or recommendation for their use.
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UBLETHAL  EFFECTS OF CHRONIC LEAD
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~~,,~r,j  drojvzs  (Anas  platyrhynchos)  f e d  I, 5 .  Or 2 5  PP’” lead “irr~fe  were pIed
o”d racr/,jced  of 3_,,a  j”~e,w,,s.  N o  mortolify  o c c u r r e d .  and the P.lh”@lC  ‘eS’o”s
oruo,,,,  oSsocioted  ,,,irh ,eod  p o i s o n i n g  w e r e  “ol  f o u n d .  Cho”ges  i” be”Wocrif  o”d
,,emoglobi”  CO”Ce”l,o~,o”  did ““l DCCYI.  After 3 wk ducks fed 25 w” lead exhibited  a
4os  i”hibif+,”  of blood  6+m,“,g/evo/i”ic  a c i d  dehydrotose  artivit~  d~at  persisted
th,oush  j2 ,& exposure.  After 12 wk treofmenl  s i m i l a r  enl~me  inbibi’io”  ws Present
i” [be  ducks  fed 5 pPm /end.  AI 3 & there  was  (I WVJN accumulori””  of lead (fess than ’
pp,“,  i” d,e  ,jver  o”d kidneys  of d,,cks  fed 25 ppm lead; “0 fU,Iher  i”Creoses  occurred
rbroushour  ‘b e  exposu,e,  N” rig”ifico”,  acclrmo~o~i~”  of lead  occurred  i” rbe  ‘ibide 0’

~~~~~~  “f ducks  fed 5 o”d 25 ppm diets for 12 x’k Were  placed 0” C/e,=”

;“,’ ;,y;;om,“ed  ,braogb  o 12 ,vk posu,eo,me”f  period.  A f t e r  3  wk 0” cko”  die,
b_,,mi”olevo~;“ic  oc,d debydro,ose  octrvrty  o”d lead concenfrotionr  1” the  b/ox+  bad

,e,reOfmenf  ,eve,s.  tve”  rhough  lead co”ce”froflo”s  i” ‘be bk4 J0f’

;r~o;s~do;;  b:“e  were ,“,+,,  0 ,,;g,,,y  s,g”,fico”t  “egoove  correlation between  blood  lead
o”d b,o”d  enzyme oc,,v,ty  was obtained.  rhis e n z y m e  biooss~  should  provide  a
se”sirive a”d prec,se  est,,,mte  for mo”itar,“g  lead in the blood  for  mterf”wf.

.  INTRODUCTION

Interpretation of the biologic effects of environmental coltaminatipn bY
lead is controversial and identifying the source of contamination for wddllfe
species remains a ‘major problem. Experimental studies with waterfowl
showed that ingestion of high levels of lead,

either as lead shot (Bates et al.,

1968. Irwin and Karstad 1972; Longcore et al., 1974) or as inorganic lead
salts \Coburn et al., 195’1),  resulted in tne highest residues in bone, lower

We thank L_ young for preparlng [iswe) for hirtologic  examination. We al=thankT. Long and
L. Kolankiewicr  f o r  t e c h n i c a l  aSSiSta”Ve  and  L.

Ludke  a”d R. Sw”*ell  for critIcal  r e v i e w s  of  [be

manu~$~s,s  far  repri”fs  Should  be  sent  1o  Mack  T. Finley,  U.S. Fish and Wildlife Service,  Patuxe”t

Wildlife  ~esearrb  Center, Laurel, Ma4a”d  208”.
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TABLE  I. 6-Aminolevulinlc  Acid Dehvdratare Acwifya and Lead Residues (pPb) in al,,,,*  ,,f Mallard
Ducks Fed Different Concentrations of Lead N,trate

0 171.0t 13.0 173.7 t 11.9I 172.1 f193.2 17.8
5.0

172.7? 19.1
t 172.8 + 21.85 166.4 t164.3 15.0

28.5
169.2?

t 179.0
,a.,

? 22.825 102.3
7.1

rb 170.0 t 27.7 110.8 t
f 121.1

11.2’
? 16.0’ 126.5 t 21.7 94.0 f a.2*
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RESULTS

Analysis of lead-treated feed revealed means of 1.76, 5.13, and 21.63
ppm lead in the three respective diets (1, 5, and 25 ppm lead). Control feed
contained a mean of 1 .lO ppm lead, indicating rather high background levels
of lead in feed material. These results are based on calculations using wet
weights of feed that contained an average of 10.4% moisture and are within
the range of detectability of the analytical methods used.

No mortality occurred during the study that could be attributed to lead
ingestion. Body weights and food consumption did not differ among
treatment groups or controls. During the 12.wk  treatment period, ducks
consumed an average of 119 g feed daily. Body weights of sacrificed birds
averaged 1,162 g. Necropsy of sacrificed birds failed to reveal any tissue
lesions commonly associated with lead poisoning in waterfowl. Ducks
exhibited no muscular or liver atrophy and contained heavy fat deposits.
Microscopic examination failed to reveal any acid-fast intranuclear inclusion
bodies in kidney tubular cells of treated or control birds.

No differences were found in hemoglobin concentration or hematocrit in
any treatment group when compared with controls. Means for erythrocyte
ALAD activity and concentration of lead in the blood are given in Table 1.
An overall mean of 172.6 units and 20 ppb blood lead was found in controls

0 c 20 t 01 22 f 227
t 7

20 t 0
20 f 05 28 f 655 * 9* 22 i 2
41 ? 1025 26 f

13at22* 6 66 f 13’
135 * 21’ 142 f 14* 154 f 28’

“Unit ewme XtiVilY  defined ds 0.100 increased I” absorbance/ml ervthrocyfes per hour (38°C)
at SSS nm With  1 1.0.cm  llaht  path. Mean t SE, N = 5.

bAsterirk denotes significantly different from cantrols, p < 0.01, Students f test.
‘afaod SamPIes  were not analyzed. valuer were chosen at random fro,,, the 15 contra,  sampler

COllected throuahaut the study to test for rlantficant  differences.
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during the 12-wk treatment period. After 3 wk ducks fed 25 ppm lead

,,hibited a 40% decrease in blood ALAD activity and contained a mean of
138 ppb lead in the blood. This magnitude of inhibition and level of blood
lead remained through the 12-wk treatment period. Ducks fed 5 ppm lead in
the diet for 12 wk exhibited a similar degree of enzyme inhibition (36%).

Enzyme activity returned to normal within 3 wk following 12 wk of lead
treatment. After 3 wk on clean feed ducks fed diets of 5 and 25 ppm lead
exhibited normal ALAD levels of 161.3 and 192.7 units, respectively. These
values were associated with blood lead levels of 66 and 46 ppb. ALAD
activity remained normal throughout the 12-wk posttreatment period. Blood
samples collected at 6, 9, and 12-wk intervals following lead treatment were
notanalyzed for lead.

The relationship between blood lead concentration and ALAD activity
was examined further by comparing individual values obtained after 12 wk
for all treatment levels and controls. When the variables are plotted on a
logarithmic scale, a significant negative correlation (p<O.Ol) was found
between ALAD activity and lead levels (Fig. 1). Values shown range from 20
to 220 ppb lead and from 66.1 to 255.0 units of ALAD activity. It seems
that ALAD activity is significantly reduced in ducks when blood lead

approaches 100 ppb. This inverse relationship between erythrocyte ALAD
activity and blood lead concentration is clearly illustrated in Fig. 2 when
treatment means are plotted against dietary lead levels after 12 wk on lead
diets.

Lead concentration in livers and kidneys was low for all treatment levels
(Table 2). Residues ranged from less than 0.10 to 0.31 ppm in livers and
from less than 0.10 to 2.67 ppm in kidneys. Feeding 1 and S_ppm lead for
12 wk did not cause a significant accumulation of lead in the krdney or Irver.
Ducks fed the 25 ppm lead diet contained significantly higher (p<O.OS) lead
residues in livers and kidneys after 3 wk when compared with controls or
the two lower treatments. Residues did not significantly increase with the
number of weeks birds were fed lead. Residues were not analyzed in organs
of ducks fed clean feed following the lead treatment. Analysis of liver and
kidney weights when expressed as a percentage of whole body weight
revealed no significant difference among any treatment group

for any

sampling interval.
Lead residues in tibiae and radii-ulnae bones did not differ among

treatment groups or with time (Table 3). Residues ranged from 0.87 to

14.43 ppm in tibiae and from 0.73 to 14.66 ppm in radii-ulnae bones.
Regression analysis revealed a direct correlation between lead concentration
in the tibiae and in the radii-ulnae (r = 0.98; p < 0.01). The higher tibiae
residues were accompanied by equally high wing bone residues m at)
lead-treated ducks.
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. et al., 1973; Tomokuni, 1974). The value of this parameter as an
of environmental lead has also been demonstrated with pigeons and

oack  ducks. Ohi et al. (1974) reported that pigeons from urban areas
.ed an average of 330 ppb lead in the blood, compared with only 29 ppb

birds from rural areas. The birds with higher lead levels exhibited 77%
tower ALAD enzyme activity. Wild canvasback ducks exhibited a 75%
decrease in ALAD enzyme activity when blood lead concentrations exceeded
200 ppb (Dieter et al., 1976). Experimental studies with mallards given
sublethal levels of lead shot revealed that 200 ppb lead in the blood resulted
in SO-75% inhibition of ALAD activity that remained up to 3 months
following dosage (Dieter and Finley, 1975;  Finley et al., 1976). In all of
these studies enzyme inhibition preceded changes in hematocrit or hemoglo-
bin values.

The maximum ALAD enzyme inhibition attained in this study was only
40%. No mortality or gross lesions usually associated with lead poisoning in
waterfowl (Karstad, 1971; Locke et al., 1966) occurred. Treated ducks did
not accumulate lead residues in bones when compared with controls, and
only the group fed 25 ppm showed significantly increased lead concentra-
tions in the liver and kidneys; these concentrations in soft organs seldom
exceeded 1 ppm. Acute lead studies with waterfowl demonstrated that 6-20
ppm lead in the liver and lo-20 ppm in the kidney were required to cause
pathologic changes (Longcore et al., 1974). Coburn  et al. (1951) found that
the critical lead level for mallard ducks was 6-8 mg/kg  daily when dosed
with lead nitrate. Those ducks exhibited characteristic signs of lead
poisoning, including lowered hematocrits and hemoglobin concentrations. In
our study ducks fed 25 ppm dietary lead consumed about 2.5 mg/kg lead
daily, accummulating up to 210 mg lead within 12 wk. Our data show that
ingestion of lead up to 25 ppm accompanied by a nutritionally adequate diet
does not cause appreciable lead accumulation.

We have found that the only indirect way to detect the level of lead
ingestion that approximates the amount encountered through the food chain
is to measure blood ALAD enzyme activity. We obtained an excellent dose
response after 12 wk on the low-lead diet, indicating the extreme sensitivity
of this enzyme to lead concentrations in the blood. The rapidity of the
enzyme response was evident in the recovery phase of the experiment, where
after 3 wk on lead-free diets blood lead concentrations decreased to 50 ppb
and ALAD  enzyme activity returned to normal. Although it is difficult to
distinguish the effects of chronic indirect lead accumulation through the
food chain from that of acute direct lead accumulation after ingesting lead
shot, ALAD enzyme inhibition from a recently ingested lead shot is usually
unmistakable. Mallard ducks dosed with only one number 4 shot exhibited
88% ALAD  inhibition (Finley et al., 1976) as compared with 40% in this
study, and inhibition after lead shot dosage persisted for 3 months (Dieter
and Finley, 1975) instead of only 3 wk. The sensitivity and rapid
responsiveness of the ALAD enzyme bioassay should aid in distinguishing
the source of environmental lead contamination in waterfowl surveys.
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