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Abstract 

Introduction: Hard antlers of deer are unique bioindicators of environmental metal pollutions, but sampling methods 

presented in the literature are inconsistent. Due to the specific growth pattern of antlers and their histological structure, sampling 

methods described in the literature were reviewed, the suitability of using mixed samples of both antler layers as element 

bioindicators was assessed, and the codified method of antler sampling used for bioindication was described. Material and 

Methods: Lead, cadmium, mercury, arsenic, copper, zinc, and iron in trabecular and cortical parts of hard antlers of red deer 

(Cervus elaphus) were determined using different methods of atomic absorption spectrometry (depending on the element). 

Results: Mean mercury content in trabecular bone (0.010 ±0.018 mg/kg) was 5 times higher than in cortical bone (0.002 ±0.003 

mg/kg). Mean iron concentration was approximately 15 times higher in trabecular (239.83 ±130.15 mg/kg) than in cortical bone 

(16.17 ±16.44 mg/kg). Concentrations of other analysed elements did not differ statistically between antler layers. Conclusion: 

In mixed antler samples, concentrations of mercury and iron depend on the particular antler layer contents. This therefore 

warrants caution when comparing results across studies and specification of the sampling methodology of antlers is highly 

recommended. 
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Introduction 

Over the last two decades, the role of the 

environment in public health has increased, resulting in 

increased care for environmental protection. Lifestyle 

changes and pro-environmental activities call for 

appropriate monitoring of pollutant levels. Despite 

improvements such as wastewater treatment, gas and 

dust purification, metals production, and advances in 

processing and mining, significant amounts of toxic 

substances are still emitted to the environment (17). 

Persistent pollutants released in previous years remain 

of major concern as well (8, 22).  

Apart from current environment status evaluation, 

an important element of environmental monitoring is 

the assessment of the effectiveness of applied 

remediation methods and contaminant emission 

control. Observation of changes in the levels of 

pollutants in each environmental compartment is 

necessary for planning further activities. Chemical 

compounds which are non- or not readily 

biodegradable are of special concern. This group of 

pollutants includes toxic elements like lead (Pb), 

cadmium (Cd), mercury (Hg), and arsenic (As), which 

even in small doses can exert adverse effects on 

organisms (19). 

Biomonitoring provides information about 

changes in the environment over the years based on the 

analysis of biological material (21). Samples of ice (8), 

tree ring (3), raised bog (17), river and lake sediments 

(23), as well as crustaceans and molluscs (1) are used 

for retrospective studies. A limitation of such samples 

is the inability to determine their precise date of origin 

in order to observe annual changes in pollutant levels 

(29). 

© 2016 A. Giżejewska et al. This is an open access article distributed under the Creative Commons 

Attribution-NonCommercial-NoDerivs license (http://creativecommons.org/licenses/by-nc-nd/3.0/) 



468 A. Giżejewska et al./J vet Res/60 (2016) 467-471 

 

In contrast, cervid antlers have a number of 

advantages that make them a suitable and unique material 

for biomonitoring (6). Antlers are bony cephalic 

appendages which are cast and regenerated annually. 

During species-specific growing period, antlers 

accumulate environmental pollutants because of high 

demand for minerals (15). Sampling of naturally cast 

antlers is non-invasive, and antlers are also readily 

available when collected as trophies by hunters. Also, 

cervids have defined individual home-ranges and are 

widespread, so antlers are available over large areas and 

results of toxicological investigations can be applied to  

a particular region (24). 

Studies on roe deer (Capreolus capreolus) and red 

deer (Cervus elaphus) confirmed the value of antlers as 

bioindicators of metals (6, 11, 27) and radionuclide 

pollution in the environment (2). Furthermore, research 

demonstrated a decrease in antler lead and fluoride 

concentrations in recent decades correlating with their 

levels in the environment (9, 13), showed that element 

levels in antlers are associated with diet and physiological 

condition of animals (18), compared pollutants 

concentrations among regions (12), and analysed changes 

over time in one area (6).  

Fig. 1. Cross section of a hard red deer antler (photograph by  

Z. Giżejewski) 

Hard antler is made up of two structurally distinct 

bony layers: an inner part – trabecular bone, and an outer 

part – cortical bone (Fig. 1), similarly to skeletal bone 

(16). To our knowledge, there are no studies describing 

the relationships of element concentrations between 

trabecular and cortical antler bone. To address this 

research gap, we determined concentrations of Pb, Cd, 

Hg, As, copper (Cu), zinc (Zn), and iron (Fe) in inner and 

outer layer of red deer antlers, assessed the suitability of 

using mixed (both antlers layers) samples as bioindicators, 

discussed antler sampling methods described in the 

literature, and described the codified sampling method of 

antlers used for bioindication. 

Material and Methods 

Study area. Antlers from well-documented 

collection at the research station of the Polish Academy 

of Sciences in Popielno, Warmian-Masurian region, NE 

Poland (21°38’E, 53°42’N), were used. This station is 

situated on a peninsula, surrounded by three lakes. This 

traditional agricultural area is covered mostly by mixed 

coniferous forest with a predominance of Scots pine. 

Climate is typically temperate with significant 

influence of the continental climate of Eastern Europe. 

The region is a popular touring place, located away 

from the large industrial centres (7, 23).  

Sampling. Hard antlers were chosen randomly 

from 11 red deer stags. These antlers were cast between 

1953 and 2012, when animals were exposed to 

different levels of metal pollution (6). Two samples 

were collected from each antler: one containing cortical 

bone and one containing trabecular bone. Antler 

samples (about 5–10 g; Fig. 2) were taken after 

manually cleaning the beam with nylon brush from 

surface contaminants. For sampling, rechargeable hand 

drill with vanadium drill (6 mm in diameter) was used. 

Samples of trabecular bone were obtained by drilling 

through the central part of antlers previously cut 

transversally upon the burr. Samples containing only 

cortical antler bone were obtained by drilling few 

shallow holes at the basis of the antler. After sample 

collection, the drill was rinsed with distilled water to 

avoid any secondary contamination. 

 
Fig. 2. Differences between trabecular and cortical bone samples 

(photograph by A. Giżejewska) 

Chemical analysis. All samples were 

homogenised and then mineralised in a muffin furnace 

at 450°C (550°C for As) for 24 h. Ashed samples were 

dissolved in 1N HCl (4.5N for As). Atomic absorption 

spectrometer Perkin-Elmer PinAAcle 900T was used to 

perform graphite furnace atomic absorption 

spectrometry determining Pb and Cd concentrations. 

The wavelength for Pb analysis was 283.3 nm and for 

Cd – 228.2 nm. Limit of quantitation (LOQ) for Pb and 

Cd was 0.002 mg/kg and 0.001 mg/kg, respectively. 

Total Hg concentrations were determined by atomic 

absorption spectrometry method using direct mercury 

analyser AMA-254 (Altec, Czech Republic) without 

previous sample mineralisation. LOQ for Hg was 

established at 0.001 mg/kg with 253.7 nm wavelength. 

Hydride generation atomic absorption spectrometer 

PinAAcle 900T (Perkin Elmer, USA) was used for As 

determination. Arsenic analysis was performed with the 

wavelength set at 193.7 nm and LOQ was 0.002 mg/kg. 

Concentrations of Cu, Zn, and Fe were determined 

1 cm 
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using flame atomic absorption spectrometry with 

acetylene/air flame (AVANTA PM, GBC, USA). 

Wavelength for Cu, Zn, and Fe analysis was: 324.7 nm, 

213.9 nm and 248.3 nm, respectively. LOQ was 

established at 0.04 mg/kg for Cu, 0.12 mg/kg for Zn, 

and 0.11 mg/kg for Fe. 

Determination of the seven elements was based on 

calibration curves plotted from working standard 

solutions and blanks. Limit of detection and LOQ were 

calculated as 3 to 10 times SD from values for blank 

matrix measurements with a low content of analyte. 

Reagent blanks and control samples were prepared and 

run in triplicate. Calibration curves were verified every 

20th reading by analysing the standard.  

Quality control of the methods was performed 

using certified reference materials (CRM’s): TORT-2 

(lobster hepatopancreas), BCR 150 (skimmed milk 

powder), BCR 185R (bovine liver), and ERM-CD 281 

(rye grass). Results of CRM’s analysis are given in 

Table 1. 

Statistical analysis. Element concentrations were 

expressed in micrograms per gram of dry weight 

(mg/kg d.w.) and reported as arithmetic means, 

standard deviations (SD), median, and range (Table 2). 

Concentrations below LOQ were assigned a value of 

half the LOQ for that element. 

For each element, differences in concentrations 

between inner and outer layer of antler were tested 

using pairwise Wilcoxon test. This analysis was 

performed on 22 samples (11 compact bone and 11 

trabecular bone paired samples). Statistical significance 

was set at P < 0.05. All statistical analyses were 

conducted using R statistical software (version 3.2.0). 

Results  

To confirm the suitability of using mixed antler 

samples for bioindication research, the concentrations 

of seven elements between the two bony layers of 

antlers were compared. All results are presented in 

Table 2. Higher concentrations in trabecular than in 

cortical layer were found for Hg and Fe. Mercury 

content in trabecular bone (0.010 ±0.018 mg/kg, 

<0.001–0.062 mg/kg) was five times higher than in 

cortical bone (0.002 ±0.003 mg/kg, <0.001–0.010 mg/kg; 

T = 0.0; P = 0.012). Iron concentration in trabecular 

layer (239.83 ±130.15 mg/kg, 123.87–556.57 mg/kg) 

was approximately 15 times higher than in cortical 

bone (16.17 ±16.44 mg/kg, 6.37–54.84 mg/kg; T = 0.0; 

P = 0.003). Concentrations of Pb, Cd, As, Cu, and Zn 

in both antler layers were similar and did not differ 

statistically (Table 2). 

 
Table 1. Results of certified reference material analyses 

Reference  

material 
Element 

Assigned value 

(mg/kg) 

Measured value  

(mg/kg) 
Recovery (%) 

TORT-2 

Pb 0.35 ±0.13 0.324 91 

Cd 26.7 ±0.6 24.47 92 

Hg 0.27 ±0.06 0.305 113 

As 21.6 ±1.8 20.86 96 

Cu 106.0 ±10.0 102.44 97 

Zn 180.0 ±6.0 197.19 110 

Fe 105.0 ±13.0 101.3 96 

BCR 150 

Pb 1.000 ±0.040 1.050 105 

Cd 0.022 ±0.001 0.021 98 

Hg 0.009 ±0.002 0.011 117 

BCR 185R 

Pb 0.172 ±0.009 0.174 102 

Cd 0.544 ±0.017 0.537 98 

As 0.033 ±0.002 0.035 106 

ERM-CD 281 

Pb 1.670 ±0.110 1.551 93 

Cd 0.120 ±0.007 0.109 91 

Hg 0.016 ±0.002 0.017 107 

As 0.042 ±0.010 0.034 82 

Table 2. Concentrations (mg/kg) of selected elements in trabecular (inner) and cortical (outer) layers in red deer antlers and results of pairwise 

Wilcoxon tests. Statistical significance was set at P < 0.05 

Element n 
Trabecular bone  Cortical bone 

T P 
Mean ±SD Median Range  Mean ±SD Median Range 

Pb 11 0.551 ±0.21 0.554 0.260–0.945  0.558 ±0.199 0.49 0.279-0.924 19.5 0.415 

Cd 11 0.006 ±0.002 0.007 0.003–0.009  0.008 ±0.004 0.008 0.005-0.019 19.5 0.415 

Hg 11 0.010 ±0.018 0.004 <0.001–0.062  0.002 ±0.003 0.001 <0.001-0.010 0.0 0.012* 

As 11 0.018 ±0.009 0.014 0.010–0.037  0.024 ±0.027 0.017 0.005-0.103 22.0 0.953 

Cu 11 1.82 ±0.6 1.74 0.99–2.54  1.74 ±0.81 1.64 0.49-3.04 28.0 0.657 

Zn 11 62.31 ±8.5 63.09 51.36–78.9  63.43 ±10.99 63.43 50.33-90.04 32.0 0.929 

Fe 11 239.83 ±130.15 197.02 123.87–556.57  16.17 ±16.44 9.09 6.37-54.84 0.0 0.003* 

T - value of pairwise Wilcoxon tests 
*P < 0.05 
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Discussion  

The most common method of antler sampling for 

studies regarding environmental contamination analysis 

is described by Tataruch (28). It consists of drilling  

a hole into the back of the antler beam at the height of 

the brow tine, and collecting approximately 1 g of 

cortical bone. This method was modified by Kierdorf 

and Kierdorf (13), who drilled deeper into the main 

beam obtaining both antler layers, or drilled several 

holes in the antler basis collecting only cortical bone as 

a result (12). In previous studies, authors included the 

information about the height of drilling on the beam but 

not about sample composition (11, 26, 27). The 

described methods of antler sampling provide the 

potential differences of element contents between the 

outer and inner antler part. This needs to be taken into 

account for accurate interpretation of the results and 

precise comparison of data available in the literature. 

To our knowledge, this study is the first describing the 

impact of the antler sampling method on element 

concentrations. 

We demonstrated higher Hg and Fe levels in 

trabecular than cortical antler layer. Bone tissue is not 

the target accumulation place for Hg in organism. 

Higher concentration of this element in trabecular 

antler bone is probably the effect of specific blood 

supply in a growing antler, and Hg present in blood 

during this period as well as limited transfer to cortical 

bone. Consistently, significantly higher Fe 

concentration in trabecular bone than cortical one is 

likely caused by the presence of blood residues (Fe 

being a component of haem). Muir et al. (20) 

hypothesised that fluoride and Pb transport to the 

forming antler is not a continuous process but is more 

intense in the last phase of growing. During the last 10 

weeks of antler growth, when tissue mineralisation is 

the most intense, approximately 65% of the total 

amount of the mineral is supplied (14, 20). 

Blood is supplied to a growing antler in two ways. 

The major blood source of the antler are the vessels 

situated under velvet; negligible blood is supplied 

through the pedicle and is maintained until the 

ossification of the basis is finished (10). Nevertheless, 

after velvet shedding both trabecular and cortical bone 

of the antler main beam are still supplied almost until 

casting by vessels and capillaries at the basis (25). This 

is probably the reason for higher Fe and Hg 

concentrations in trabecular bone. Contrary to other 

analysed elements, Hg and Fe transfer less into 

mineralised tissue (5, 6).  

There are few studies concerning antlers as 

bioindicator of environmental Hg contamination. In 

antlers concentration of this element is low; however, 

in roe deer antlers from north-western (5) and south-

western Poland (4) Hg levels were higher than those 

detected in our study. This likely reflects animal 

exposure to Hg-containing pollutants during antler 

growth. 

Landete-Castillejos et al. (18) compared chemical 

composition of red deer antlers collected in central and 

southern Spain in areas under different management 

regimes. These authors showed similar Fe values to 

those obtained in our study in the cortical bone samples 

in all compared areas. Jabłońska et al. (9) pointed to a 

wide range of Fe concentrations (from 99 mg/kg to  

553 mg/kg) in roe deer antlers from southern Poland, 

likely due to various content of trabecular antler bone 

in mixed samples. 

The differences in the levels of other analysed 

elements were not significant between inner and outer 

antler layers. This indicates the ability to determine the 

concentrations of Pb, Cd, As, Cu, and Zn in any type of 

antler samples, i.e. mixed samples (containing both 

parts), samples of trabecular bone, or samples of 

cortical bone only. Therefore, accurate interpretation of 

results and comparison with the literature data can be 

obtained. This conclusion is especially important for 

monitoring of toxic elements. We suggest analysing 

those two layers separately for Hg and Fe 

concentrations, since in the case of mixed samples the 

content of these elements will depend on a particular 

layer of the antler.  

Further investigation of other contaminants in 

cervid antlers, comparison between trabecular and 

cortical layers, and relations among them is necessary 

to draw further conclusions about the impacts of the 

sampling method on the bioindication value of antlers. 

Due to the specific patterns of growth in different antler 

parts and their particular chemical composition, it is 

also important to investigate variability of element 

concentrations in samples taken at different heights of 

the beam. 
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