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Abstract: Scavenging and predatory wildlife can ingest lead from ammunition and become
poisoned when feeding on injured, or killed but unretrieved, game animals. Humans
can similarly be exposed to ammunition-derived lead when consuming wild-shot game
animals. Many studies have been performed to assess the degree of lead
contamination in the carcasses of game animals to inform this risk. This scrutiny has
not so far extended to Australia. Stubble quail (  Coturnix pectoralis  ) is the only native
non-waterfowl bird species that can be legally hunted in Victoria, Australia, and is
commonly hunted with lead shot. The aim of this study was to characterize lead
contamination in harvested stubble quail. The frequency, dimensions, and number of
lead fragments embedded in carcasses were assessed through use of radiography (X-
ray). From these data, the average quantity of lead available to scavenging wildlife was
estimated along with potential risks to human consumers. We radiographed 37 stubble
quail killed by hunters using lead shot (#9, 28 g) from 12-gauge shotguns in western
Victoria, Australia, in Autumn 2021. Radiographs revealed that 81% of carcasses
contained embedded pellets and/or fragments. We counted 60 shotgun pellets in 24
carcasses. In 14 birds, we detected both whole pellets and lead fragments; in 10, only
pellets; in 6, we found only small fragments; and in 7, we found neither pellets nor
fragments. On average, 1.62 embedded pellets were detected per bird. By excising
and weighing a sample of 30 shotgun pellets (all had a mass of ~0.75 grain or 48.6
mg), we calculated an average lead load of 78 mg/100 g of body mass. This was a
conservative estimate, because fragments were not considered. This level of lead
contamination was comparable to hunted bird species examined using similar methods
in Europe. The quantity and characteristics of lead ammunition residues found suggest
that predatory and scavenging wildlife feeding on Australian stubble quail will be at risk
of negative health impacts: health risks are also likely to extend to some groups of
human consumers.
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Abstract  25 

Scavenging and predatory wildlife can ingest lead from ammunition and become 26 

poisoned when feeding on injured, or killed but unretrieved, game animals. Humans can 27 

similarly be exposed to ammunition-derived lead when consuming wild-shot game animals. 28 

Many studies have been performed to assess the degree of lead contamination in the carcasses 29 

of game animals to inform this risk. This scrutiny has not so far extended to Australia. 30 

Stubble quail (Coturnix pectoralis) is the only native non-waterfowl bird species that can be 31 

legally hunted in Victoria, Australia, and is commonly hunted with lead shot. The aim of this 32 

study was to characterize lead contamination in harvested stubble quail. The frequency, 33 

dimensions, and number of lead fragments embedded in carcasses were assessed through use 34 

of radiography (X-ray). From these data, the average quantity of lead available to scavenging 35 

wildlife was estimated along with potential risks to human consumers. We radiographed 37 36 

stubble quail killed by hunters using lead shot (#9, 28 g) from 12-gauge shotguns in western 37 

Victoria, Australia, in Autumn 2021. Radiographs revealed that 81% of carcasses contained 38 

embedded pellets and/or fragments. We counted 60 shotgun pellets in 24 carcasses. In 14 39 

birds, we detected both whole pellets and lead fragments; in 10, only pellets; in 6, we found 40 

only small fragments; and in 7, we found neither pellets nor fragments. On average, 1.62 41 

embedded pellets were detected per bird. By excising and weighing a sample of 30 shotgun 42 

pellets (all had a mass of ~0.75 grain or 48.6 mg), we calculated an average lead load of 78 43 

mg/100 g of body mass. This was a conservative estimate, because fragments were not 44 

considered. This level of lead contamination was comparable to hunted bird species 45 

examined using similar methods in Europe. The quantity and characteristics of lead 46 

ammunition residues found suggest that predatory and scavenging wildlife feeding on 47 

Australian stubble quail will be at risk of negative health impacts: health risks are also likely 48 

to extend to some groups of human consumers.  49 
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 50 

Introduction 51 

Lead (Pb) is a toxic non-essential metal that affects multiple body systems in 52 

vertebrates, especially the nervous system. No levels of exposure are considered to be safe to 53 

humans [1], and a similar situation is likely to exist for other vertebrates. Dietary exposure to 54 

lead of ammunition origin poses health risks to humans [2], scavenging wildlife [3], and wild 55 

birds including wildfowl that ingest grit (gastroliths) [4]. There is currently considerable 56 

global focus on the health and environmental risks resulting from the use of lead ammunition 57 

in hunting, and its replacement with non-toxic alternatives is increasingly being mandated or 58 

considered across the world [5], especially in Europe [6], North America [7] and Japan [8].  59 

Of conservation significance, the poisoning of wild birds following the ingestion of 60 

spent lead ammunition has been recognized for many decades, and in waterbirds and 61 

terrestrial gamebirds for over a century [9-11]. Also, many species of predatory and 62 

scavenging birds are affected across the world [3, 4]. Raptors are particularly exposed to lead 63 

poisoning due to the low pH values in their gizzard (1.2–1.4) that facilitates the absorption of 64 

metallic lead [12]. Long-lived species with a delayed sexual maturity and a low reproductive 65 

rate, such as eagles and vultures, suffer mostly because juveniles may accumulate a relevant 66 

burden of ammunition-derived lead before they start breeding [13], with possible adverse 67 

effects on their demography [14]. Indeed, the critically endangered California condor 68 

(Gymnogyps californianus) was driven to near-extinction as a result of lead poisoning [15]. 69 

  Of public health significance, numerous studies have revealed that humans can ingest 70 

elevated levels of dietary lead while consuming game animals killed by lead ammunition [2, 71 

16]. Ingested ammunition-derived lead is biologically available [17]: blood lead levels in 72 

people that frequently eat game shot with lead ammunition are generally higher than in 73 

people that do not, with levels increasing with the amount of game consumed [18, 19]. Those 74 
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groups of people most at risk from health impacts following exposure to ammunition-derived 75 

dietary lead include frequent consumers of game, and groups especially vulnerable to the 76 

effects of lead, including pregnant women and children. The high vulnerability of children 77 

results from them absorbing a higher proportion of dietary lead than adults, and the 78 

irreversible effects of lead on the developing nervous system. Reduced Intelligent Quotient 79 

(IQ) associated with such damage has been identified as a critical health endpoint for lead 80 

when assessing risks to children [20]. 81 

  Lead of ammunition origin can be readily ingested and absorbed from game meat for 82 

two main reasons. Firstly, bullets and pellets tend to fragment in the body of game animals, 83 

producing numerous particles too small to be detected and removed during food preparation 84 

and mastication [17, 21]. Secondly, cooking processes may facilitate the solubilization of 85 

lead particles in the flesh, and this may be enhanced by certain processes, for example in the 86 

presence of acid ingredients (wine, vinegar or marinades) [22-24]. 87 

  Given the importance of this issue, many studies have documented levels of lead 88 

contamination of wild-shot game meat. These include studies assessing the frequency, 89 

dimension, and number of lead fragments embedded in the carcasses of ungulates, waterbirds 90 

and ‘upland’ game birds to evaluate the risk related to the consumption of game meat [17, 91 

21]. Despite the popularity of hunting in Australia, previously no data have been available on 92 

game birds hunted on this continent [25]. 93 

  When compared to European practices, Australian recreational hunting is relatively 94 

poorly described in scientific literature [26]. Stubble quail (Coturnix pectoralis) is the only 95 

native grassland bird that can be legally hunted in Victoria, Australia. Stubble quail are a 96 

small (~100 g) ground-dwelling galliforms that exhibit nomadic behaviour, being capable of 97 

long-distance dispersal [27]. They display boom-and-bust abundance cycles [26] with a 98 

regular spring/early-summer breeding period and frequent second breeding known to occur in 99 
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late-summer/autumn if conditions are favourable [28-30]. They are commonly harvested in 100 

their tens or hundreds of thousands using shotguns and gundogs on privately owned 101 

agricultural land where cropping is the primary land use (Fig 1) and have been hunted in this 102 

way for over 100 years [31].  103 

  Currently, approximately 200,000 stubble quail are harvested each year in Victoria by 104 

approximately 28,000 licenced hunters [26], all are destined for human consumption, and 105 

most are hunted with lead shot. While lead shot has been banned for waterfowl hunting in 106 

many (but not all) Australian jurisdictions, its use continues to be permitted for non-107 

waterbirds including grassland birds [25], notably the stubble quail. A 2020 survey of 108 

Victorian game licence holders revealed that an estimated 81% (95% CI = 76–84%) of 109 

stubble quail hunters still use lead shot [32].  110 

  As all harvested and retrieved stubble quail are consumed by humans, the continued 111 

use of lead gunshot may present a health risk to consumers, especially frequent consumers 112 

and vulnerable groups. An unknown number of shot and unretrieved stubble quail is also 113 

eaten by scavenging or predatory raptors, with potential negative effects on their population 114 

dynamic [14]. In spite of the long-term popularity of hunting stubble quail in southeastern 115 

Australia, no data relating to lead contamination have previously been available for this 116 

species. Here, we assessed lead contamination of the carcasses of stubble quail harvested by 117 

recreational hunters in Victoria using lead shot. This is the first description of lead 118 

contamination of Australian grassland game birds harvested with lead-based ammunition.  119 

 120 

Materials and methods 121 

 122 

Hunting methods 123 
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To produce results comparable to those of published international studies, we largely 124 

followed the methods employed in published studies of European game birds [33, 34]. Our 125 

study used hunter-collected birds harvested with lead shot (#9 (2.0 mm diameter), 28 g) from 126 

12-gauge shotguns on private property in western Victoria, Australia (Fig 1) in Autumn 127 

(April−June: the legally allowed hunting season), 2021 [35]. Hunting with shotguns is the 128 

only technique permitted for recreational hunting of stubble quail in Victoria [32]. No birds 129 

were expressly killed for this study.  130 

 131 

Fig 1. Typical methods used for recreational hunting of stubble quail (Coturnix 132 

pectoralis) in south-eastern Australia: shotgun with lead shot. This image shows the size 133 

of the birds relative to a firearm and a typical harvest for one hunter in one day: 20 birds. 134 

Photo: Heath Dunstan (HD). 135 

 136 

Radiography 137 

  Harvested birds were immediately labelled with unique numbered metal tags (Fig 2), 138 

placed in zip-lock plastic bags and frozen at -20 °C. Birds were thawed and radiographed in a 139 

lateral position using a portable veterinary radiography unit (Cuattro, Golden, US) [36] set at 140 

68 kVp and 1.0 mAs. From radiographs, the number of embedded pellets, their anatomical 141 

distribution, and the number and size of fragments [37] and their anatomical distribution were 142 

recorded (Fig 2).  143 

 144 

Fig 2. Embedded lead shot (large bright white objects) and fragmentation centers (red 145 

circles) detected via radiography in a harvested stubble quail (Coturnix pectoralis): 146 

three pellets and three fragmentation centers are visible in this bird.  147 

 148 
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  To describe the distribution of lead pellets and fragments, we subdivided the body of 149 

each bird into six sectors so that the anatomical parts normally consumed by humans or 150 

scavenging wildlife could be easily treated separately: 1) head and neck, 2) wings, 3) 151 

humerus and pectoral girdle, 4) thorax, 5) abdomen, 6) femur and tibiotarsus, and 7) tarsus 152 

and metatarsus [33]. We regarded Sectors 3, 4, 5, and 6 as corresponding to edible parts, i.e., 153 

those most commonly eaten by humans and scavenging wildlife. 154 

  From radiographs, we counted the number of whole shot pellets embedded in each 155 

sector. Thereafter, we assessed the frequency of lead fragmentation, recording the number of 156 

‘fragmentation centers’ (clusters of radiodense particles or single macrofragments >0.5 mm) 157 

[33]. ‘Microfragments’ (<0.5 mm) are not generally easily detectable to the naked eye on 158 

radiographs [38, 39], although this can vary with image resolution. The fragments were 159 

scored independently of their dimensions as follows: 0 = none visible; 1 = 1–2 160 

macrofragments; 2 = 2–4 microfragments; and 3 = >4 fragments (regardless of their size). 161 

The average level of lead contamination (mg of lead/100 g of body weight) was then 162 

calculated [33]. 163 

  To evaluate the quantity of the embedded lead and the proportion of the pellet mass 164 

fragmented into small particles, we excised 30 shotgun pellets from dissected shot quail. 165 

These pellets were washed, dried, and accurately weighed by means of a Hornady® G3-1500 166 

electronic scale (accuracy d = 0.1 grain) (Hornady, Grand Island, US).  167 

 168 

Statistics 169 

Descriptive statistics were used to assess the frequency and distribution of lead pellets 170 

and fragments in examined stubble quail.  171 

 172 
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Results 173 

We examined 37 stubble quail. Our sample size was limited by the donations of 174 

participating recreational hunters. The mean weight of the examined stubble quail was 101 g 175 

(SD = 12, range = 74–122, n = 37). Ammunition residues were found in the majority of 176 

carcasses: radiographs revealed that 30 birds (81.1%) contained either embedded pellets 177 

and/or fragments and 28 of these birds (75.7%) contained these lead residues in the 178 

anatomical regions most commonly eaten by scavenging wildlife or humans. In 14 birds 179 

(37.8%), we detected both whole pellets and lead fragments; in 10 (27.0%) only pellets; in 6 180 

(16.2%) we found only small fragments; and in 7 (18.9%) we found neither pellets nor 181 

fragments. Pellets and fragments were embedded in all body sectors.  182 

 183 

Shotgun pellets 184 

Radiographs (Fig 2) revealed 60 pellets in 24 stubble quail (mean = 1.62, SD = 1.67, 185 

range = 0–5, n = 37). Most of the pellets (65.6 %; n = 51) were located in the edible sectors 186 

(3–6) with the remaining 9 pellets (15%) found in the head/neck, with no pellets detected in 187 

the wings or distal parts of legs (Table 1). All shotgun pellets excised from dissected birds (n 188 

= 30) had a mass of ~0.75 grain (or 48.6 mg). 189 

Table 1 Distribution of lead fragment classes in different body sectors. Fragment scores: 190 

0 = none visible; 1 = 1–2 macrofragments; 2 = 2–4 microfragments; 3 = >4 fragments [33]. 191 

Score Head/ 

neck 
Wings 

Humerus / 

pectoral 

girdle 

Thorax Abdomen 
Femur / 

tibiotarsus 

Tarsus / 

metatarsus 
TOTAL 

Score 1 1 0 2 0 2 2 2 9 

Score 2 0 2 2 0 2 2 2 10 

Score 3 1 3 4 2 2 5 2 19 

 192 

Fragments 193 
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A minimum of 38 fragmentation centers (Fig 2) were detected in 26 stubble quail 194 

(mean = 1.0, SD = 1.3, range = 0–5, n = 37). Most of the fragmentation centers (n = 25; 65.8 195 

%) were located in the edible sectors (3–6) with smaller fractions found in the distal parts of 196 

legs (n = 6; 15.8%), wings (n = 5; 13.2%), and head/neck (n = 2; 5.3%). (Table 1). In 19 197 

cases (50%) of the fragments were assigned to Class 3 (>4 fragments), in 10 (26.3%) were 198 

Class 2 and in 9 (23.7%) were Class 1. 199 

 200 

Lead load 201 

We calculated an average number of embedded pellets per unit of body mass 202 

(1.61/100 g of body weight) and resultant lead load of 78.2 mg/100 g of body mass. This lead 203 

mass was similar in stubble quail to most hunted bird species examined using similar 204 

methods in Europe (Table 2). This estimate can be regarded as conservative because 205 

fragments were not considered. 206 

Table 2 Lead contamination in stubble quail (Coturnix pectoralis) from south-eastern 207 

Australia in comparison to published results from European game bird species. This 208 

table is updated from a past study [33]. Mean body mass and pellet sizes were taken from 209 

standard ornithological texts and from hunting sources, respectively. 210 

  211 
Game bird species n birds n 

pellets/

bird 

Reference 

for n of 

shot 

Body 

mass 

(g) 

Reference 

for mass 

n 

pellets

/100 g 

Shot 

size 

Shot mass 

per pellet 

(mg) 

Pb mass 

(mg)/100 g 

Stubble quail (Coturnix 
pectoralis) 37 1.62 This study 101 This study 1.61 9 48.6 78.2 

European starlings 

(Sturnus vulgaris) 196 0.65 [33] 70 [40] 0.93 

10–

11  29.1 27 

Red-legged partridge 

(Alectoris rufa) 64 3.67 [23] 500 [41] 0.73 5–6 130.1 95 

Thick-billed murre (Uria 

lomvia) 50 3.7 [42] 900 [43] 0.41  4 175.6 72 

Common eider 
(Somateria mollissima) 25 10.40 [44] 2000 [45] 0.52  0–6 219.2 114 

Eurasian woodcock 

(Scolopax rusticola) 59 3.64 [34] 304 [34] 1.20  

7.5–

12 37.3 45−52 

 212 
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Discussion 213 

To our knowledge, this is the first study to report embedded lead contamination levels 214 

in a harvested Australian game bird. The embedded lead load in harvested stubble quail was 215 

comparable to most European game bird species studied (Table 2). This is also broadly 216 

similar to results from the UK, where radiography was carried out on 121 oven-ready 217 

gamebirds of 6 species [21]. Even though the examined birds were without feathers, viscera 218 

and head, 65% of them contained at least one large fragment (estimated to be at least the size 219 

of half a pellet) or whole pellet. The mean number of shot/large fragment per bird ranged 220 

from 0.95–3.32 with an overall mean of 2.17 pellets per bird.  221 

  In game carcasses, lead particles may derive from both lethal shot and old wounds 222 

that have subsequently healed. In some game species, the proportion of apparently healthy 223 

birds with embedded pellets may be unexpectedly high (often around 25% in wildfowl) [46] 224 

and has been reported to increase with age [47]. In apparently healthy birds, larger Australian 225 

duck species tended to contain proportionally more pellets than smaller species [47]. 226 

Similarly, a UK study found that the number of shotgun pellets embedded in six species of 227 

dead gamebirds was significantly positively correlated with body size [21]. Apparently 228 

healthy stubble quail, with a weight of approximately 100 g, are unlikely to carry as high a 229 

proportion of embedded shot (from surviving previous shooting) as the commonly shot duck 230 

species in Australia, as these ducks have an average body weight about 7 times greater [48]. 231 

This conjecture is also supported by a European study that did not find a higher prevalence of 232 

embedded shot in adult Eurasian woodcock (Scolopax rusticola) than in juveniles (mean 233 

weight around 300 g) [34]. Game ducks in south-eastern Australia are harvested using non-234 

toxic (usually steel) shot which is ballistically different to lead, but rates of shot retention 235 

(embedded shot) are likely to be similar [49]. Nonetheless, a small proportion of embedded 236 

shot found in stubble quail may have been carried from previous shooting seasons. 237 
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 238 

Risks to human health  239 

The weight of a game meal is generally considered to range from about 100–200 g of 240 

meat per person [2, 18, 21, 42]. Assuming that about half of the weight of a stubble quail is 241 

edible meat, a single portion for an adult consumer would comprise approximately 2–4 oven-242 

ready stubble quail. In practice, it is more common for people to consume 4–6 stubble quail 243 

in a single meal (H. Dunstan, S. Toop, personal communication). Our study reveals a high 244 

probability that at least one bird in a meal could be contaminated by whole pellets or visible 245 

fragments; more are likely to contain tiny fragments. Most whole pellets or large fragments 246 

will probably be removed during food preparation or at the table, although occasionally 247 

pellets may be inadvertently ingested and some associated lead solubilized. Due to the small 248 

surface area to volume ratio of lead pellets and large fragments, only a small proportion of 249 

the lead mass is likely to be absorbed into the bloodstream. Rare exceptions include cases 250 

where lead shot or bullets are retained in the intestinal tract resulting in elevated blood lead 251 

and/or appendicitis [50-52]. However, two factors mean that the risks are higher than this 252 

would otherwise imply. These are the presence of very small fragments that cannot readily be 253 

removed during food preparation [53], and the solubilization of lead from pellets during the 254 

cooking process. Consequently, health risks from consuming stubble quail will be related to 255 

lead concentrations in the meat after removal of whole shot and large fragments, and the 256 

frequency of consumption of stubble quail over time. 257 

  During the passage of shot through gamebirds, many micro-fragments are widely 258 

distributed throughout the flesh and tissue lead concentrations are frequently highly elevated. 259 

High lead concentrations have been found in all meals prepared from gamebirds found by X-260 

ray to contain many lead shot, and also in some meals prepared from birds with few or no 261 

shot visible on X-rays [21]. This probably resulted from the presence of tiny radio-dense 262 

Highlight

Sticky Note
Why do you need to make any assumptions here, you had the carcasses. Would it not have been more accurate for the human health risk assessment to just weight the meat. 

Highlight
this implies the average meal is 160-300 g, yet you cite papers suggesting it's 100-200 g, can you explain this discrepancy



 

 

12 

fragments, (presumably lead), seen on X-rays of the carcasses of 76% of the 121 birds 263 

analysed, including most of those in which all gunshot had passed through the body. Most 264 

such fragments were very tiny (i.e. less than about a tenth of a shot in size) and too small and 265 

scattered to be detected or removed by a consumer.  266 

  The coarse resolution of two-dimensional radiographic studies makes it difficult to 267 

identify lead fragments smaller than about 0.1 mm [2] and other authors have suggested that 268 

unambiguous identification of lead fragments is hampered at sizes below 0.4 mm or 0.5 mm 269 

[38, 39]. However, many lead particles in animals shot with lead ammunition may be 270 

considerably smaller than this. Inductively coupled plasma-mass spectrometry in single-271 

particle mode (spICP-MS) has been applied to meat from wild boar/feral pigs (Sus scrofa) 272 

and roe deer (Capreolus capreolus) [53] and has found numerous lead particles ranging from 273 

40 to 750 nanometres (nm) in size within 10 cm of the bullet wound channel. Even the largest 274 

of these, at 750 nm, were over 100 times smaller than the smallest particle detectable by 275 

radiography.  276 

  The implications of studies on ammunition fragmentation are that even if whole shot 277 

and large lead fragments in stubble quail and other game species are removed at the table, 278 

numerous tiny lead fragments are likely to remain in the majority of birds. These are likely to 279 

be more readily solubilized and absorbed than whole shot due to their larger surface 280 

area/volume ratio. This is supported by studies that have observed that the concentration of 281 

bioaccessibile lead in cooked red-legged partridge (Alectoris rufa) meat is significantly 282 

related to the presence of X-ray visible pellets and/or fragments, irrespective of their 283 

dimension and number [23]. Similarly, previous studies have demonstrated that lead 284 

contamination in game meat is more closely associated with the presence of small particles 285 

scattered throughout tissues, rather than whole pellets [42, 54].  286 
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  Past studies have found that both the number of shotgun pellets/large fragments 287 

(which were removed after cooking gamebirds and before analysis for lead) and the number 288 

of small fragments (which were not removed) have significant separate effects on lead 289 

concentration in a cooked gamebird meal [21]. This suggests that lead in game meat meals is 290 

solubilized from both whole/large pellets during the cooking process and from small 291 

fragments. Collectively these results suggest that the availability of lead from ammunition 292 

particles is strongly related to their surface area and not just their mass, since the larger 293 

surface areas of small particles facilitates lead solubilization during cooking or digestion. In 294 

addition to fragmentation, certain game storage and cooking methods may also influence the 295 

availability of lead in game meat meals [22-24]. 296 

  One UK study found lead concentrations in edible gamebird tissue, after the removal 297 

of shot and large fragments, to be on average 1.181 ppm (wet weight) for six species of 298 

gamebird (n = 121), with no significant variation in tissue lead concentration across the 299 

species [21]. This mean level is approximately twelve times the Maximum Levels (MLs) 300 

permitted in domesticated meat (cattle, sheep, pigs and poultry) marketed in the EU (EC 301 

2006) and listed in the Codex Alimentarius General Standard for Contaminants and Toxins 302 

(2019) for commodities moving in international trade [55]. While MLs for lead have not so 303 

far been set specifically for game meat within global standards or EU law, it has been 304 

recommended that such standards be set [56] and the profile of this issue is increasing 305 

internationally. 306 

  Although, as discussed, a greater mass of lead gunshot relative to body weight is 307 

generally found in large gamebird species rather than in small species like the stubble quail 308 

(Table 2) [21], this does not necessarily translate to the lead concentrations found in meat 309 

consumed by humans [21]. This is because tiny fragments left by the passage of lead 310 

projectiles may be responsible for much of the final lead loads to which human consumers 311 
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will be exposed. In six UK gamebird species, while body size was positively and significantly 312 

related to the number of retained shot, lead concentrations in gamebird meals, analysed after 313 

removal of shot and large fragments, thus simulating realistic human exposure, did not vary 314 

significantly between species [21].  315 

  Therefore, given both the frequency of whole pellets and fragments recorded in 316 

stubble quail it can be inferred that the people who eat stubble quail in Australia are likely to 317 

be comparably exposed to lead to those consuming birds shot with lead ammunition in 318 

Europe, including partridges, seabirds and songbirds. The elevated lead levels found in 319 

gamebirds shot with lead ammunition are of concern for the health of human consumers, 320 

especially those who consume such meat frequently, or are especially vulnerable to the 321 

effects of lead, such as children and pregnant women [2]. Additional work analysing lead 322 

concentrations in the edible meat of stubble quail following the removal of readily visible 323 

ammunition particles, to simulate realistic human exposure, would further confirm this. 324 

 325 

Risks to scavenging and predatory birds 326 

  In addition to human health risks, considerable risks exists for scavenging and 327 

predatory raptors that feed on shot game species that are wounded or killed but not recovered 328 

by the hunter [4]. The lead loads in Table 2 are more directly relevant to scavengers and 329 

predators than humans. In contrast to human consumers, scavenging and predatory wildlife 330 

will ingest whole shotgun pellets along with fragments [57]. Raptors ingesting lead shotgun 331 

pellets may eliminate them rapidly through defecation or regurgitation, or retain them for 332 

days or weeks and their highly acidic stomach conditions can result in considerable 333 

erosion/solubilization of ingested shot [58]. Consequently, the lead loads from shot found in 334 

stubble quail and other shot species (Table 2) along with the numerous lead fragments, 335 

together present considerable risks. Among raptors preying on stubble quail, the wedge-tailed 336 
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eagle (Aquila audax) is known to accumulate relevant amounts of lead in bone [59] as a result 337 

of the ingestion of lead-based ammunition [60]. Given that this eagle species is a K-strategist, 338 

with a high adult survival rate and a low productivity [61], lead poisoning probably exerts 339 

adverse effects also at the population level.  340 

  We conclude that the lead load in harvested stubble quail was similar to most game 341 

bird species studied in Europe. The quantity and characteristics of ammunition residues that 342 

were found suggest that game meat consumers, including humans and scavenging and 343 

predatory birds and other wildlife, are exposed to considerable quantities of lead. The use of 344 

lead shot for stubble quail hunting presents avoidable health risks to both people and wildlife 345 

which could be eliminated through a transition to lead-free shot as is increasingly happening 346 

in other jurisdictions and has already occurred in Victoria for game ducks. 347 
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