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ABSTRACT 

Adult male ringed turtle doz:es Streptopelia risoria receired lead acetate daily by intubation 01 the jo!lmring dosage lere!s: 0. :!5. 50 and 75 Jig of lead per gramme (equiralent to mg kg- 1
) body weight for 7 days. In the 75 flg g- 1 dose !ere/, the dares lost 17 ~/0 of their original body »'eight as compared with 5 to 8 ° o in other treatments; ho»·erer. this effect was not statistically significant. At sacr(fice (Day 7) haemoglobin was lower in the 75 11g g- 1 treated birds and blood concentrations were greatly elerated ( > 300 flg ~~). Measurement of the en::yme, delta-amino!erulinic acid dehydratase (ALAD), prored to be a sensitire indication of lead ingestion at 5 h after the .first lead dose. At 30h and 168 h after the beginning of the experiment blood ALAD 11·as also lowered by lead treatment. Lead concentrations in the firer, brain, and kidney were higher in the 75 flg g- 1 treatment birds than dares that receired 50 or 25 flg of lead per gramme of body weight. Brain lead areraged 12·41 11g g- 1 in the 75 flg g- 1 lead treatment and seizures 11·ere noted in these birds. 

INTRODUCTION 

Waterfowl often ingest lead pellets spent during hunting activities. experience lead poisoning and die (Bellrose. 1959). Upland birds. such as mourning doves Zenaida macroura. ingest lead shot and have also been reported to be victims of lead poisoning (Locke & Bagley, 1967). the symptoms reported being a moribund, emaciated condition with acid-fast intranuclear inclusions in kidney cells. In contrast to waterfowl, the extent of lead poisoning in mourning doves would be difficult to evaluate as they are probably dispersed widely on land and are readily consumed by predators. 

• Present address: Huxley College of Environmental Studies. Western Washington University. Bellingham. Washington 98225. USA. 

255 
Em1ron. Po//ur.Ser A 014:1-1471 82'0027-0255 $02-, < Applied SCience Pub!i,her' Ltd. England. 1982 Printed in Great Brnam 

• 

111111111111111111111111111111 
9418 



' ,:.1 

256 ROJ'ALD J. KD;DALL. PATRICK F. SCAJ'LON 

The exposure of mourning doves to lead may be further compounded by their 
occupation and visitation of the lead-contaminated environment of roadsides 
(Goldsmith eta/., 1976: Kendall, 1980) where they consume lead-contaminated grit. 
Rock doves Columba lit'ia were reported to have higher body burdens of lead when 
inhabiting urban compared with rural areas. Ohi et a/. (1974) attributed the 
difference to be due to the ingestion of grit particles from roadsides with heavier 
traffic volumes with associated lead-contaminated exhausts. Hutton & Goodman 
( 1980) also found rock doves had higher body burdens of lead when inhabiting 
urban areas compared with more rural sites. They attributed these increased body 
burdens of lead in rock doves to be primarily due to ingestion of food contaminated 
with roadside dust, particularly lead. Kendall & Scanlon (1979) reported that bone 
lead concentrations were higher in mourning doves when collected from areas of 
higher human population densities which included more roadside environments and 
higher traffic volumes using such roadways. 

Lead has been demonstrated to be extremely deleterious as related to haeme 
biosynthesis (Chisholm, 1971 ). The blood enzyme, delta-aminolevulinic acid 
dehydratase (ALAD), important in haeme biosynthesis, has been shown to be 
almost totally inhibited in avians with elevated blood lead (Dieter et a/., 1976; 
Hutton, 1980). Bates et a/. ( 1968) reported generalised hypochromic microcytic 
anaemia in peripheral blood of mallards Anas platyrhynchos poisoned by lead shot. 

A noticeable effect of lead shot ingestion is weight loss in avians. At death, most 
waterfowl will have lost from 30 to 35 °0 of their original body weight (Anderson, 
1975). Salisbury eta/. ( 1958) reported weight loss in lead intoxicated chicken hens 
Gallus domesticus. 

Longcore eta/. ( 1974) determined that a lead concentration exceeding 3/lgg- 1 

wet weight (approximately 15/lg g- 1, dry weight) in the brain and a range of 6 to 
20 11g g- 1 (approximately 24-80 11g g- 1 dry weight) in the kidney or liver, was 
indicative of acute lead exposure. A mourning dove dying of lead poisoning had 
72/lg g- 1

, wet weight lead in the liver (Locke & Bagley, 1967). 
It is apparent that mourning doves have considerable potential exposure to lead 

from spent lead shot and from areas contaminated by exhaust of leaded gasoline. 
More information is needed concerning the toxicity of lead in this species. 
Information on the clinical signs, blood characteristics and tissue lead concentration 
in lead-poisoned ringed turtle doves could be of diagnostic value in identifying lead
poisoned mourning doves. Additionally, more information would become available 
on the toxicology of lead ingestion in avian systems. The present study was 
conducted to satisfy the above needs. 

MATERIAL AND METHODS 

Twenty (five birds per treatment) adult male ringed turtle doves (X= 150·5 g body 
weight) from a captive colony in the Department of Fisheries and Wildlife Sciences, 
Virginia Polytechnic Institute and State University, Blacksburg, Virginia, USA, 
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were used in this experiment. Lead was administered in the form of lead acetate (Fisher Scientific Co., Pittsburgh, PA, USA). Lead dosages to the birds were calculated as 11g of lead per gramme of body weight and were as follows: (I) 0·0, (2) 25·0, (3) 50·0 and (4) 75·0. Birds given no lead received a sodium acetate solution (25 Jlg of Na per gramme of body weight). The experiment was a completely randomised design. Each bird was dosed daily between 0900 and 0930 h. Body weights were taken on days I, 4 and 7. 
The birds were housed individually in suspended 6· 35 mm mesh stainless steel cages (24 x 18 x 18cm). Quail Laying Mash and water were provided ad libitum. The laboratory was maintained at 21 o ± 2 oc with a controlled light regimen ( l4L: IOD). 
For the lead treatments, lead acetate was dissolved in deionised water at a concentration of 10,000 11g of lead per millilitre (corrected for acetate moiety) and confirmed by atomic absorption spectrophotometry. Dosage was accomplished with a I cc syringe equipped with an 8 em stainless steel stomach pump needle (Popper and Sons, Inc., New Hyde Park, NY, USA). The smallest dosage was 0· 36 ml while the largest was I· 3 ml (2 x 0·65 ml). These volumes were tolerated by the doves. 
Blood samples, at 5 and 30 h after initial lead treatment, were taken by venipuncture (brachial vein). The blood collection technique involved removing the feathers from the brachial vein area, cleaning the area and carefully puncturing the vein with a 22 gauge needle. The blood came out of the vein in droplets which were readily collected in small, plastic heparinised Unopette blood collection systems (Becton-Dickinson, Rutherford. NJ, USA). Blood flow was terminated by compression. Approximately 0· 50 ml of blood was collected from each bird at each of the first two bleedings. At sacrifice (Day 7) all birds were decapitated and blood was collected in heparinised test tubes. 

Delta-aminolevulinic acid dehydratase activity (Burch & Siegel, 1971) was determined for each blood sample. With sufficient blood available, at sacrifice haemoglobin was determined colorimetrically by the formation of cyanomethaemoglobin with Hycel, Inc. (Houston, TX, USA) reagents (No. 116) and standard (No. 117). Lead concentrations in brain, liver and kidney were measured by atomic absorption spectrophotometry as previously described in Scanlon eta/. (1980). Lead in blood was measured by the Delves cup technique (Delves, 1970). A multivariate one-way analysis of variance (Morrison, 1976) was performed on weight and ALAD activity data. I fan initial profile analysis on these variables (Wilks' Criterion Statistic) indicated a significant treatment x day interaction. an analysis of variance (one-way classification; Steel & Torrie, 1960) was performed on data collected on each individual day. Blood, kidney, liver and brain lead concentrations and haemoglobin data were analysed utilising analysis of variance (one-way classification). Duncan's Multiple Range Test (Steel & Torrie, 1960) was used to locate significant differences in treatment means. Multiple comparisons between days of weight and ALAD data within treatments were accomplished using 
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Hotelling's T2 statistic. Means ( ± SE) were computed on all variables. Statistical 
tests attaining an alpha level of p < 0·05 were considered statistically significant. 
Data were analysed using the Statistical Analysis System (SAS76, Barret a/., 1976). 

RESCLTS 

Lead treatment did not significantly affect ringed turtle dove body weight (Table 1). 
Treatments did not interact with time over the three weighing periods. Ringed turtle 
dove weight data were pairwise tested; Days I and 4 and Days I and 7 mean weights 
were compared. A significant difference was indicated (Table I) in ringed turtle dove 

TABLE I 
MEAN ( ± SE) BODY WEIGHTS ON DAYS I, 4 AND 7 OF RINGED TURTLE DOVES THAT RECEIVED SEVEN DAILY DOSES 

OF LEAD ACETATE ( !Jg OF LEAD PER GRAMME OF BODY WEIGHT) 

Lead N Weigh1 Jb Weight 4b Weight"? 
treatment' 

0 5 161·2 ± 7·0 147·2 ± 7·2 146·8±8·1 
25 !Jgg- 1 daily 5 149·2 ± 3·3 136·2 ± 8·0 139·2 +4·9 
50!Jgg- 1 daily 5 142·6± 3·7 133·4±3·7 135·2 ± 4·3 
75!Jgg- 1 daily 5 149·6 ± 4·7 131·3 ± 13·1' 125·3 ± 9·6' 

• No significant treatment effects. 
b Ringed turtle dove weight data were pairwise tested to elucidate any time effects: weights on Day 4 were 
significantly (p < 0·05) lower than dove weights on Day I: weights on Day 7 were significantly lower(p < 
0·05) than dove weights on Day I. 
'N=4. 

weight data on Day I compared with Day 4 (p < 0·05) and Day l compared with Day 
7 (p < 0·05). Both controls and treatment animals lost weight during the experiment. 
However, the 75 11gg- 1 birds had approximately a 17% weight Joss by Day 7 of the 
experiment as compared with 9% in controls. The 25 and 50 p.g g- 1 treatments had 
losses of 7 and 5 ~~.respectively. Thus, there was a trend towards increased weight 
loss in the 75 11g g- 1 treatment. These latter birds exhibited seizures and appeared 
not to be consuming food. 

There was a highly significant (p < 0·001) lead effect on ALAD activity over the 
three blood collection times (Table 2). The ALAD values of control birds varied little 
over the experiment. At the 5 h blood collection, ALAD was found to be 
significantly (p < 0·05) lower in lead-treated birds. The ALAD activities of lead
treated birds were decreased (p < 0·05) at the 30 hand 168 h blood collection times 
(Table 2). At 168 h (sacrifice), ALAD activity was 7% of that of the controls in the 
25p.gg- 1 treatment. Those of the 50 and 75p.gg- 1 treatments were 7 and 7·5%, 
respectively. Apparently, the units of activity had reached a minimum value as all of 
the lead treatments approached activity that was 7% those of controls. 

Haemoglobin was lowered (p < 0·05) by lead dosing in the ringed turtle doves 
given 75 p.g g- 1 daily (Table 3). Blood lead increased (p < 0·05) in all treatment 
groups when a determination was made at 5 h after the first lead dose (Table 3). 
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TABLE 2 
BLOOD DELTA-AMINOLEVUUNIC ACID DEHYDRATASE ACTIVITY (ALAD, X± SE) OF RINGED TURTLE DOVES 

THAT RECEIVED SEVEN DAILY DOSES OF LEAD ACETATE ( pg OF LEAD PER GRAMME OF BODY WEIGHT) 

Treatment N ALAD at'"' 5h ALAD at•• 30h ALAD at•• 168 h 

0 5 213·50 + 44·71' 221·42 ± 52·16' 218·23 + 55·22' 
25 pg g- 1 daily 5 51·63± 11·67" 24·62 ± I· 32" 14-42 + 1·23" 
50 pg g- 1 daily 5 45·50 + 6·54" 22·30+0·98. 14·73+1·74" 
75pgg- 1 daily 5 39·96 ± 3·26" 22· 38 ± O· 78•· 16-41 ± 1·25"' 

• Units of ALAD activity expressed as the increase in absorbance of 0·100 per hour per millilitre of 
erythrocytes measured at 38C at 555 Nm. 
b The ALAD data were pairwise tested for any time effects: ALAD at 5 h was not significantly different 
from the 30 h reading; ALAD at 5 h was significantly (p < 0·05) higher than the 168 h reading. 
'·• Means in the same column with different superscript letters are significantly different (p < 0·05). 
• Sample size= 4. 

TABLE 3 
MEAN ( ± SE) BLOOD LEAD (Pb) CONCENTRATIONS ( pg PER CENT) AND HAEMOGLOBIN (Hb, g dl- 1

) OF RINGED 
TURTLE DOVES THAT RECEIVED SEVEN DAILY DOSES OF LEAD ACETATE ( pg OF LEAD PER GRAMME OF BODY 

WEIGHT) 

Treatment N Blood Pb** Blood Pb*** Blood Pb* Hb*** 
(5h) (30h) (168 h) (168 h) 

0 5 18· 75 ± 6·84(4)' 11·40 ± 2 66(5)' 18·50 ± 3·50(2)' 14·94 ± 0·31(5)' 
25J<g g- 1 daily 5 169·00 ± 22·19(3)' 88·00 ± 12· 70(4)' 80·67 ± 19·80(3)' 14·43 ± 0·47(5)' 
50J<gg" 1 daily 5 187·50 ± 31-43(4)' 211-40 ± 29 29( 5)' 121·67 ± 38·52(3)' 15·15±0·26(5)' 
75 11gg" 1 daily 5 311·80 ± 63 76(5)' 324 75 ± 26·92(4)' 395·00 ± 100·56(4)' 12·08 ± 066(4)' 

'·' Means in the same column followed by different superscript letters are significantly different p < 0·05 (Duncan's New 
Multiple Range Test). 

• Significant treatment effect (p < 0·05). 
•• Significant treatment effect (p < 0·01). 

••• Significant treatment effect (p < 0·001). 
( ) Numbers in parentheses indicate sample size. 

TABLE 4 
MEANS ( ± SE) OF LIVER, BRAIN AND KIDNEY LEAD CONCENTRATIONS ( pg g- 1, DRY WEIGHT) OF RINGED 
TURTlE DOVES THAT RECEIVED SEVEN DAILY DOSES OF LEAD ACETATE (pg OF LEAD PER GRAMME OF BODY 

WEIGHT) AND WERE SACRIFICED 

Treatment N Liz·er* Brain** Kidney** 

0 5 1·17 ± 0·32' 3·03 ± 1·02' 8·23 ± 3-61" 
25 pgg- 1 daily 5 10·71 ± 3·36" 4· 15 ± 0·59" 84-47 ± I 7 52" 
50 pg g· 1 daily 5 10-49 + 1·51" 6·13 ± 0·90" 186·38 + 27 75" 
75 pgg- 1 daily 5 28·59 ± 10·71b 12-41 ± 3·36. 456·91 ± 153-86. 

•·• Means in the same column followed by different superscript letters are significantly different p < 0·05 
(Duncan's New Multiple Range Test). 

• Significant treatment effect (p < 0·05). 
•• Significant treatment effect (p < 0·01 ). 

• 
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Table 4 presents lead concentrations (pg g · 1
• dry weight. X± SE) in liver. brain 

and kidney. Lead concentrations in all three tissues were increased significantly by 

lead dosage. 

DISCLSSIOS 

Measurement of ALAD indicated that, 5 h after the first lead dose. treatment birds 
had at least a 76 "o reduction in A LAD activity of that of controls. Dieter eta!. ( 1976) 

showed that canvasback ducks Aythya ralisineria exhibited a 75 "o reduction in 

ALAD activity when blood lead was elevated. Hutton ( 1980) reported that rock 

doves with elevated blood lead had reduced blood ALAD activity. At 5 h after the 

first lead dose, ringed turtle doves had 169·00 f.ig '~o mean blood lead in the 25 f.ig g- 1 

treatment group. It was apparent that lead was capable of entering the system very 

quickly and that ALAD activity was rapidly reduced. 
Elevated blood lead disrupts ALAD activity in humans and can induce a 

reduction in haemoglobin (Goyer & Rhyne, I 973). At sacrifice, ringed turtle doves in 

the 75 f.ig g- 1 treatment group exhibited highly elevated blood lead ( > 300 ttg ~~)and 

lowered haemoglobin. Roscoe (I 978) detected reduced haemoglobin in lead 

poisoned mallards. Since lead can impair a number of steps (e.g. ALAD and haeme 

synthetase) important in the biosynthesis of haeme and can cause red blood cell 

destruction. anaemia is a characteristic symptom of lead poisoning cases (Beliles, 

I 975). 
Ringed turtle doves of the 75 f.ig g- 1 treatment group exhibited seizures and 

probably reflected a toxicological threshold as related to the other lead treatments. 

Mean brain lead was elevated to I 0 f.ig g- 1
• dry weight. in the 7 5 f.ig g- 1 treatment 

group. Presumably, these lead concentrations in the brain were associated with the 

seizures observed. Longcore et a/. (I 974) have proposed that brain lead 

concentrations of 3 f.ig g- 1
, wet weight, or greater be considered as indicative of an 

advanced state of intoxication. Conversion of 3 f.ig g- 1
, wet weight, to a dry weight 

basis indicates a concentration of approximately I 5 Jlg g- 1
, dry weight, which is very 

similar to the brain lead concentrations of ringed turtle doves experiencing seizures. 

Many investigators have determined that liver lead concentrations provide an 

accurate measure of acute lead intoxication. A bald eagle Haliaeetus leucocephalus 

that was reported dying of lead poisoning had 22·9 f.ig g- 1 liver lead, wet weight 

(Jacobson eta! .. 1977), Canada geese Branta canadensis had 0·5-32pgg- 1, liver 

lead. wet weight before succumbing to lead poisoning (Cook & Trainer, 1966) and 

mallard ducks had 0·6-20 J.lg g- 1 liver lead. wet weight. having experienced lead 

intoxication (Longcore et a/ .. 1974). Locke & Bagley (1967) reported that a 

mourning dove dying of lead poisoning had 72 f.ig g- 1 wet weight liver lead. Ringed 

turtle doves in the 75 f.ig g- 1 treatment averaged 28·59pg g - 1 dry weight liver lead. 
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In this group, one of the treatment birds succumbed to lead poisoning. These liver lead data appear to be diagnostically important in identifying lead poisoned ringed turtle doves. 
Ringed turtle doves that ingested lead acetate provided important diagnostic criteria for identifying lead poisoning in avians. Activity of the ALAD enzyme was rapidly reduced a short time after ingestion of lead while blood lead increased. A 7-day period of elevated blood lead in the 75 fig g- 1 treatment group resulted in 

reduced haemoglobin. Liver and brain lead concentrations were of diagnostic significance in identifying lead poisoned avians. Body weight loss does occur during lead poisoning in doves but this characteristic is of questionable importance for 
diagnostic purposes. 

ACKNOWLEDGEMENTS 

This project was supported by the Department of Fisheries and Wildlife Sciences, Virginia Polytechnic Institute and State University, Blacksburg. Virginia. USA. and constitutes a portion of a dissertation submitted by the senior author. The National Rifle Association provided a grant-in-aid to help defray publication costs. The National Wildlife Federation provided the senior author with an Environmental Conservation Fellowship. 

REHREt'<CES 

AND! RSON, W. L. (1975). Lead poisoning in waterfowl at Rice Lake, Illinois. J. Wild/. Mgmt, 39,264-70. BARR. A. J .. GooDNIGHT. J. H .. SALL, J.P. & HELWIG, J. T. ( 1976). A user's guide to SAS 76. Raleigh. NC. SAS Institute. Inc. 
BATES, F. Y .. BARNES, D. M. & HIGBEE, J. M. ( 1968). Lead toxicosis in mallard ducks. Bull. Wild/. Dis. Ass .• 4. 117-25. 
BELILES, R. P. (1975). Metals. In Toxicology. the basic science of poisons. ed. by L. J. Casarett and J. Doull, 477-81. New York, Macmillan. 
BELLROSE, F. C. (1959). Lead poisoning as a mortality factor in waterfowl populations. 1/1. Nat. Hist. Surr. Bull., 27. 235-88 
Bt.:RCH, H. B. & SIEGEL, A. L. (1971). Improved method for measurement of delta-aminolevulinic acid dehydratase activity of human erythrocytes. Clin. Chern .. 17: 1038-41. CHISHOLM. J. J. (1971). Lead poisoning. Scient. Am. 224. 15-23. CooK, R. S & TRAINER, D. 0 (1966). Experimental lead poisoning of Canada geese. J. U"i/dl. Mgmt. 30. 1-8. 
DELvEs. H. T. ( 1970). A micro-sampling method for the rapid determination of lead in blood by atomicabsorption spectrophotometry. Analyst. Lond .. 95. 431-8. DIETER, M. P .. PERRY, M. C. & MULHERN. B. M. (1976). Lead and PCBs in canvasback ducks: Relationship between enzyme levels and residues in blood. Arch. em·iron. Contam. & Toxicol.. 5. 1-13. 
GoLDSMITH, C. D., JR., SCANLON, P. F. & PIRIE, W. R. (1976). Lead concentrations in soil and vegetation associated with highways of different traffic densities. Bull. em· iron. Contam. & Toxico/ .. 16. 6fr. 70. GOYER. R. A & RHYNE, B. C. ( 1973). Pathological effects of lead. Rer. exp. Pat hoi .. 12. 1-77. 

• 



262 ROI'<ALD J. KE~DALL, P-\TRICK F. SCA:"LOI'< 

Ht:TTON, M. (1980). Metal contamination of feral pigeons Columba liz·ia from the London area. Part 2. 
Biological effects of lead exposure. Environ. Pollut. (Series A), 22. 281-98. 

HuTTON. M. & GooDMAN, G. T. (1980). Metal contamination of feral pigeons Columba lil'ia from the 
London area. Part I Tissue accumulation of lead. cadmium and zinc. Enuron. Pollut. (Series A). 
22. 207-17. 

JACOBSON. E., CARPENTER, J. W. & NovtLLA, M. (1977). Suspected lead toxicosis in bald eagle. J. Am. 
Vet. Med. Ass., 171, 952--4. 

KENDALL, R. J. and SCANLON, P. F. (1979). Lead concentrations in mourning doves collected from 
middle Atlantic game management areas. Proc. S.E. Ass. Fish Wild/. Agencies 33, 165--72. 

KENDALL, R. J. ( 1980). The toxicology of lead shot and enl'ironmentallead ingestion in a!'ian species with 
emphasis on the biological significance in mourning dove populations. PhD dissertation, Virginia 
Polytechnic Institute and State University, Blacksburg. 

LocKE. L. N. & BAGLEY, G. E. (1967). Lead poisoning in a sample of Maryland mourning doves. J. Wild/. 
Mgmt, 31, 515-8. 

LONGCORE, J. R., LOCKE, L. N., BAGLEY, G. E. & ANDREWS, R. (1974). Significance of lead residues in 
mallard tissues. U.S. Fish Wild/. Sen·., Spec. Sci. Rep. Wild/., No. 182, 24pp. 

MoRRISON, D. F. (1976). Multiwriate statistical methods, 2nd edn, New York, McGraw Hill. 
0HI, G., SEKI, H., AKIYAMA, K. & YAGYU, H. (1974). The pigeon, a sensor oflead pollution. Bull. enL'iron. 

Contam. & Toxicol., 12. 92-8. 
RoscoE, D. E. ( 1978). Pathology of plumbism in waterfowl and development of a simple diagnostic blood 

test. PhD dissertation, University of Connecticut, Storrs. 
SALISBURY, R. M., STAPLES. E. L. & SUTTON, M. (1958). Lead poisoning in chickens. N. Z. Vet. J., 6, 2-7. 
SCANLON, P. F., STOTTS, V. D., 0DERWALD, R. G., DIETRICK, T. J. & KENDALL, R. J. (1980). Lead 

concentrations in livers of Maryland waterfowl with and without ingested lead shot present in 
gizzards. Bull. em·iron. Contam. & Toxico/. 25, 855--60. 

STEEL, R. G. D. & ToRRIE,J. H. (1960). Principles and procedures in statistics. New York, McGraw-Hill. 


