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ABSTRACT

Since copper and lead are the most well-known heavy metals, eggshells were used to remove them from the aqueous
solution. In this study, it was used two species; Quail (Coturnix coturnix japonica) and Greylag Goose (Anser anser)
and three forms (pure, powdered and calcined forms) of eggshells. Using coupled plasma optical emission spectros-
copy (ICP-OES), Fourier-transform infrared (FTIR) spectroscopy, scanning electron microscopy (SEM) and energy
dispersive spectroscopy (EDS) methods, it was investigated whether copper and lead were adsorbed on eggshells;
in different species and different forms. According to ICP-OES results, it was observed that calcined eggshells re-
tained more amount of Cu and Pb than uncalcined eggshells. By analyzing the FTIR results, even if the eggshells
were in different forms, the characteristic bands of the eggshells were almost seen in samples. After the adsorption
process, hew bands arose in addition to the characteristic eggshell bands. These new bands are thought to be related
to the Cu and Pb loading in the eggshell. With SEM images, it was observed that metal loaded accumulated on the
outer surface of the eggshell. This result is also in good agreement with the EDS results.

Keywords: Copper, eggshell, lead, low-cost adsorbent

iki Farkli Tiir ve Ug Farkli Formda Atik Yumurta Kabugu Kullanilarak Agir Me-
tallerin (Bakir ve Kurgun) Uzaklastiriimasi

0z

Bakir ve kursun en iyi bilinen agir metaller oldugundan, bunlarin sulu ¢ézeltiden uzaklastirmak igin yumurta kabuklari
kullanildi. Bu ¢alismada iki tir kullanildi; bildircin (Coturnix coturnix japonica) ve boz kaz (Anser anser) ve yumurta
kabugunun ¢ formunu (saf, toz ve kalsine formlar) kullandik. Eslestiriimis plazma optik emisyon spektroskopisi (ICP-
OES), Fourier-dontsumla kizilétesi (FTIR) spektroskopisi, taramali elektron mikroskobu (SEM) ve enerji dagilimli
spektroskopi (EDS) yontemleri kullanilarak, yumurta kabuklarina bakir ve kursunun adsorbe edilip edilmedigi arasti-
rildi; farkli tirlerde ve farkl formlardaki yumurta kabuklarinda. ICP-OES sonuglarina gore, kalsine edilmis yumurta
kabuklarinin, kalsine edilmemis yumurta kabuklarindan daha fazla miktarda Cu ve Pb tuttugu gézlemlenmistir. FTIR
sonuglarl analiz edildiginde, yumurta kabuklari farkli formlarda olsa bile, drneklerde yumurta kabuklarinin karakteristik
bantlari hemen hemen ayni bolgelerde gériimustir. Adsorpsiyon isleminden sonra karakteristik yumurta kabugu
bantlarina ek olarak yeni bantlar ortaya ¢ikmistir. Bu yeni bantlarin yumurta kabugundaki Cu ve Pb yukli olmasiyla
ilgili oldugu distntlmektedir. SEM géruntileri ile yumurta kabugunun dis ylizeyinde metalin biriktigi gdzlenmistir. Bu
sonug, EDS sonuglariyla da iyi bir uyum igindedir.

Anahtar Kelimeler: Bakir, yumurta kabugu, kursun, ucuz adsorbent
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INTRODUCTION

Environmental pollution significantly affects the health
of living things. Heavy metals, which have the feature
of accumulating in nature because they are not biode-
gradable, are dangerous for living things when they ex-
ceed certain limits (Veli and Alyuz, 2007). Adsorption
is an easy and inexpensive method for removing heavy
metals from aqueous solutions. The adsorption pro-
cess takes a very short time and is the most preferred
method to remove heavy metals by adsorption due to
its ease of use and simplicity (Alaba et al., 2018;
Musonge and Harripersadth, 2021). Biosorbents are
used effectively to remove heavy metals from the en-
vironment (Yang et al., 2021). In addition, biosorbents
do not cause additional harm to the environment and
do not release substances that may be harmful to the
environment. Egg is one of the most used, easily ac-
cessible, cheap and basic food sources in daily life.
Since their shells are sometimes rich in calcium con-
tent, they are used in the pharmaceutical and food in-
dustry as a source of calcium (Waheed et al., 2019),
as a bio-ceramic (Tangboriboon et al., 2019), compo-
site (Feng et al., 2014), fertilizer (King’Ori, 2011) and
biosorbent (Podstawczyk et al., 2014), while they are
often thrown away, especially in household use. How-
ever, the physical and chemical structures of the egg-
shells are very suitable as biosorbents. Specially, po-
rous structure and electronegativity due to CaCOs in
its chemical content are desirable and preferred ad-
sorbate property for adsorption (Wang et al., 2018;
Kaya Kinayturk et al., 2021). Adsorption process for
removing heavy metals from the environment is one of
the most preferred processes due to its strong affinity
and high loading capacity. Moreover, they are cost-
free as they are waste materials (Musonge and Har-
ripersadth, 2021). Since they have gotten porous and
layer-by-layer structure and they can adsorb heavy
metals, or they can trap many pollutants, dyes and or-
ganics. In addition, the calcined state can absorb much
more amount of heavy metals than its natural state
(Park et al., 2007). Pb2* is considered a potential car-
cinogen and associated with the cause of many dis-
eases, especially cardiovascular, kidney, blood, nerve
and bone diseases. Cu?* is an essential element, but
its high concentrations in food and fodder crops are
great concern due to increased toxicity to humans and
animals (Hashmi et al., 2013). It is important to remove
heavy metals such as copper and lead from the envi-
ronment before reaching irrigation water in agriculture.
At the same time, removing heavy metals from drinking
water can prevent living things from damaging organs
in their bodies. Therefore, many researchers have pro-
posed various methods to purify heavy metals from
aqueous solutions (Gebru and Das, 2017; Yu et al.,
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2021). Some of these are chemical precipitation, coag-
ulation, ion exchange, solvent extraction, filtration,
evaporation and membrane methods (Park et al.,
2007). The disadvantage is that most of these methods
require a few pre-processes and additional operations.
In this study, eggshell residue was used as a bio-
sorbent material. The aim is to remove Pb?* and Cu?*
from the agueous solution. At the same time, we recy-
cle the waste eggshell. We used two types of egg-
shells in three different forms. Types (species) of egg-
shells were Quail (Coturnix coturnix japonica (CCJ)
and Greylag Goose (Anser anser (AA)). Three different
forms were 1-pure eggshell, 2-powdered eggshell, 3-
calcined eggshell. We used CuCl: and Pb(NO3)2 as
metal salts in the experiments. After preparation in
aqueous solutions of copper and lead heavy metal
salts, we examined the adsorption phenomenon for
each sample in the respective eggshell type and form.
Abbreviations are made as follows:

CCJ: pure quail eggshell

AA: pure grey goose eggshell

C-CCJ: calcined quail eggshell

C-AA: calcined grey goose eggshell
Cu@CCJ: CCJ treated with CuCl2
Pb@CCJ: CCJ treated with Pb(NO3)
Cu@C-CCJ: C-CCJ treated with CuCl2
Pb@C-CCJ: C-CCJ treated with Pb(NO3)2
Cu@AA: AA with treated CuCl2
Pb@AA: AA with treated Pb(NO3)2
Cu@C-AA: C-AA with treated CuClz
Pb@C-AA: C-AA with treated Pb(NO3)2

MATERIALS AND METHODS
Materials and Chemicals

Eggshell samples CCJ and AA were obtained from
Isparta University of Applied Sciences, Education Re-
search and Application Farm. Eggshell samples were
taken from incubation wastes of this farm. The com-
pounds of Pb(NO3)2 and CuClz in solid form were pur-
chased from Sigma-Aldrich chemical company (USA)
and they were used without further purification.

Experimental

The cleaning procedure in our previous article was ap-
plied to CCJ and AA eggshells (Kaya Kinaytirk et al.,
2021). We used samples in three different forms: shell
form, powdered form, calcined form. Shell form
needed no further process on it. For powdered form we
ground samples in an agate mortar, for calcined form,
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this part was calcined at 900C® for 2 hours. The sche-
matic representation and photographs were shown in
Figure 1.

Cu(Cl,

Pure
eggshell

Calcined
eggshell

Powdered
eggshell

Figure 1. Pure, powdered and calcined CCJ of eggshells treated with CuCl2

0.05 M, 100 mL Pb(NOs)2 and CuCl: solutions were
prepared with ultra-distilled (18,2 Q) water. 1 g of each
eggshells samples were mixed with 0.05 M, 100 mL
Pb(NO3z)2 and CuCl: solutions in an ultrasonic bath. Af-
ter that, they were shaken from time to time and ad-
sorption was applied for 48 hours. Filter and dried egg-
shells samples were analyzed by FTIR spectroscopy,
ICP-OES and SEM. In addition to that, to investigate
the differences we used all analytical techniques for
pure eggshell samples.

Before ICP-OES analyses, samples were prepared as
follows: 0,25 g sample + 4 mL 65% HNOs + 2 mL 40
% HF + 2 mL 98% H2S0O4 and Milestone Start D model
microwave digestion system used, with Perkin Elmer
ICP-OES The Optima 8000 in MAKU (Burdur Mehmet
Akif Ersoy University), BILTEKMER (Scientific and
Technology Application and Research Center) Burdur,
Turkey. FTIR analyses were performed with Perkin

Elmer Spectrum Fronter device using KBr pellet tech-
nique in the range of 4000-400 cm in BILTEKMER.
SEM and EDS analyses have been used to record the
morphological data and the elemental composition of
the samples with FEI Quanta FEG 250 in SDU (Suley-
man Demirel University), YETEM (Innovative Technol-
ogies Application and Research Center), Isparta, Tur-
key.

RESULTS AND DISCUSSION
ICP-OES Results

The ICP-OES were used to determine the amount of
heavy metal on eggshells after adding metallic aque-
ous solution on the uncalcined and calcined form of
eggshells. They are also listed in Table 1 as mg/kg. In
each type of eggshell, copper is less abundant on
specimens. When looking at the same eggshell spe-
cies, metals are more abundant in calcined eggshell
form than uncalcined.

Table 1. Amounts of copper and lead on powdered and calcined form of eggshells

Cu (mg/kg) Pb (mg/kg)
Cu@CCJ 9920,729 Pb@CCJ 329827,916
Cu@cC-CCJ 13496,012 Pb@C-CCJ 365295,926
Cu@AA 199743,213 | Pb@AA 318076,028
Cu@C-AA 203998,447 | Pb@C-AA 353325,416

When Table 1 is examined, it was seen that copper and
lead heavy metals were adhering to the eggshell in each
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form. More heavy metals were retained in calcined egg-
shells than in uncalcined eggshells. It is thought that the
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reason of this increase was that when the eggshells
were calcined, more heavy metal has adhered because
the surface area increases (Park et al., 2007).

FTIR Spectroscopic Results

Since metal is adsorbed on the different forms of the
eggshell, FTIR analysis can give an idea or clue about
the location of the metal ion. Figure 2 and Table 2 show
that the IR spectra and assignments list of CCJ, C-CCJ,
Cu@CCJ, Pb@CCJ, Cu@C-CCJ, Pb@C-CCJ, respec-
tively.

C 5
w0 Wa 20 A e w0 Bk

Figure 2. (A) CCJ and Cu@CCJ (B) CCJ and Pb@CCJ (C) C-CCJ and Cu@C-CCJ (D) C-CCJ and Pb@C-CCJ
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Table 2. IR assignments of different forms of CCJ eggshell

Assignments References CcCJ Cu@CcCJ Pb@CCJ Cc-CCJ Cu@C-CCJ Pb@C-CCJ
OH stretch 3688 (Park et 3690m
al., 1988)
OH stretch 3643 3641s
(Naemchan et
al., 2008)
COs? stretch- | 2516 (Kaya | 2516 w 2516w 2516w - 2515w 2511w
ing Kinaytirk et
al., 2021)
COs? stretch- | 1799 (Kaya | 1799 w 1799w 1799vw - 1797w 1794w
ing Kinaytirk et
al., 2021)
NO, stretching | 1727 (Bhatia 1728m 1735vw
et al., 1983)
Carbonyl 1645 (Tizo et | 1631sh 1631sh 1638sh 1632sh 1617sh 1632sh
group stretc- | al., 2018)
hing
CO3? stretch- | 1424 (Kaya | 1424 s 1435s 1444m 1435s
ing Kinaytirk et
al., 2021)
C-O stretch 1408 (Basaleh 1403s 1354s
et al., 2019)
CO3? stretch- | 1082  (Kaya | 1082 sh | 1082sh 1105sh 1093sh- 1093sh- 1093sh-
ing Kinaytirk et 1056m 1056m 1051m
al., 2021)
N-O stretching | 1072 (Zhang 1052m
et al,, 2021)
COs? in plane | 875 (Kaya | 875 m 872s 876w 872s 873s
deformation Kinaytirk et
al., 2021)
C-H out of | 802 (de Luna 822w 839m - 814m
plane et al., 2015)
CCl; stretch- 784 788w -
ing (Wallington et
al., 2000)
COs? out of | 713 (Kaya | 713 m 713m 713w - 711m 711s
plane defor- | Kinaytirk et
mation al,, 2021)
NOs;  stretch- | 721 (Reddy et 679s 677s
ing al,, 2015)
Ca-O 447 (Pandit 447m 468m 474s
and  Fulekar,
2017)

s; strong, sh; shoulder, w; weak, m; medium means the intensity of the peaks

When Figure 2 and Figure 3 were examined, it wasn’t
clearly seen around 3640 cm which belonged to OH
stretching band in the uncalcined samples. It was ob-
served after treated with heavy metals on calcined

forms. This band was attributed OH band (Naemchan
et al., 2008; Putra et al., 2017). While after calcination
process, calcined eggshell shows the existence of OH in
Ca(OH)zin the peak of around 3643 cm-* (Naemchan et
al., 2008). It was formed during adsorption of water by
CaO (Renu et al., 2017). The bands around 3400—-3600
cm-were caused by the vibration of water molecules in

the uncalcined and calcined samples (Naemchan et al.,
2008). 2516, 1799, 1424, 1082, 875 and 713 cm™ are
characteristic peaks of eggshells (Kaya Kinaytirk et al.,
2021), (Anjaneyulu and Sasikumar, 2014; Awogbemi et
al., 2020). One of the studies, the band at 2506 cm-! was
assigned to carbonate vibration (Tatzber et al., 2007). In
this study, this band was seen at 2516 cm-! that was ob-
served at the same position, in our previous study (Kaya
Kinaytirk et al., 2021). The band at 1799 cm-! observed
in pure eggshells disappeared after calcination but it was
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clearly visible after treatment with aqueous metal solu-
tion. The weak band around 1799 cm-* and a shoulder
around 1084 cm! have corresponded to C = O bonds
related to carbonate and the symmetric stretching of
COs, respectively (Kazemi et al., 2017; Queiros et al.,
2017). The band at around 1640 cm-* can be attributed
to the carbonyl group vibration (Tizo et al., 2018). The
peak, which was the C-O stretching belongs to the sym-
metrical vibration of carbonate around 1424 cm-, was
seen as the deepest peak in all eggshell forms (Eletta et
al., 2016; Yusuff, 2017; Kaya Kinaytiirk et al., 2021). The
small bands around 874 and 712 cm-* were attributed to
the out-of-plane and in-plane deformation vibration
bands of CaCO,, respectively (Tsai et al., 2006; Kit, et
al., 2020; Kaya Kinaytirk et al., 2021). In addition, gen-
erally sharp vibration band at 872 cm-! was seen more
deeply, especially in calcined form eggshell and treated
with aqueous metal solution eggshell forms. This peak
is evidence of the CaCOs in the eggshell structure.

When Figure 2(A) is investigated, the weak vibrational
band at 788 cm-! in Cu@CCJ was thought to arise as a
result of the interaction of Cl between the surface of egg-
shell (Bae et al., 2006). The CH band at 802 cm in the
literature was seen as a weak band at 822 cm in our
study after treatment of copper aqueous solution (de
Luna et al., 2015).

When Figure 2(B) is examined, a new weak band in
Pb@CCJ was observed at 1728 cm(N-O) which was
thought to be caused by NO: (Bhatia et al., 1983). The
shift of C-O peak from 1408 to 1403 cm in the
Pb@CCJ spectrum might be ascribed to the interaction
between Pb(ll) ions and carbonate group on CCJ sur-
face (Basaleh et al., 2019). The CH band detected at
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802 cm-in the literature, which was not observed in pure
eggshell, was seen at 839 cm-! after treatment with Pb
aqueous solution (de Luna et al., 2015). A new medium
band in Pb@CCJ was arise at 1052 cm which was
thought to be caused by NO stretching (Zhang et al.,
2021). The CH and NOs" vibration bands were seen at
839 cm* (de Luna et al., 2015). and 679 cm! (Reddy et
al., 2015), respectively.

When Figure 2(C) is investigated, characteristic bands
of C-CCJ were seen at 1632, 1444, 1093, 1056, 876 and
447 cm! (Pandit and Fulekar, 2017). The vibration band
at 447 cm was thought to belong to CaO (Pandit and
Fulekar, 2017). This band was shifted to 468 cm-tin
Cu@C-CcCJ.

When Figure 2(D) is examined, the C-O peak at 1408
cm-1in literature shifted to 1354 cm -1in Pb@C-CCJ. The
C-0 vibration band at 1056 cm-! in C-CCJ was observed
to shift to 1051 cm? in Pb@C-CCJ. The reason of this
shift may be caused by the interaction of eggshells and
Lead ions. The CaO vibration band at 447 cm-1in C-CCJ
shifted to 474 cm-1. The reason of this shift was thought
to be due to the interaction of the aqueous solution of
the lead and the eggshells. In addition, new bands were
seen at 1735 and 677 cm in Pb@C-CCJ. These bands
were attributed to result from NO: (Bhatia et al., 1983)
and NOs (Reddy et al., 2015), stretching, respectively.
The CH band observed at 802 cm in the literature was
observed at 814 cm* in Pb@C-CCJ (de Luna et al.,
2015).

Figure 3 and Table 3 show the IR spectra and assign-
ments of AA, C-AA, Cu@AA, Pb@AA, Cu@C-AA,
Pb@C-AA, respectively.
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Figure 3. (A) AA and Cu@AA (B) AA and Pb@AA (C) C-AA and Cu@C-AA (D) C-AA and Pb@C-AA

Table 3. IR assignments of different forms of AA eggshell

Assignments

References

AA

Cu@AA

Pb@AA

C-AA

Cu@cC-

Pb@cC-

OH

3643
(Naemchan
al., 2008)

et

3646m

COs7? stretching

2516 (Kaya
Kinaytirk et al.,
2021)

2516m

2516w

2516w

2516w

2516w

COs7? stretching

1799 (Kaya
Kinayturk, et al.,
2021)

1800m

1800vw

1800w

1796w

1796w

NO; stching

1727 (Bhatia et
al., 1983)

1729m

Carbonyl group stretching

1645 (Tizo et al.,
2018)

1630sh

1645m

1645m

1635m

1621w

1629sh

COs? stretching

1424 (Kaya
Kinaytirk et al.,
2021)

1424s

1424s

1441m

1435s

C-O stretch

1408 (Basalehet
al., 2019)

1397s

1356sh

COs7? stretching

1082 (Kaya
Kinaytlrk et al.,
2021)

1082sh

1104 sh

1091sh-
1055m

1090sh-
1056m

1092sh-
1052m

N-O stretching

1072 (Zhang et
al., 2021)

1051m

COs?2in plane deformation

875 (Kaya
Kinaytlrk et al.,
2021)

874s

872s

874m

877w

873s

C-H out of plane

802 (de Luna et
al., 2015)

849w

837s

814m

COs? out of plane defor-
mation

713 (Kaya
Kinaytlrk et al.,
2021)

712s

712w

712w

713w

713m

NOj stretch

721 (Reddy et
al., 2015)

677m

Ca-O

447 (Pandit and
Fulekar, 2017)

455s

467m

474s
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When Figure 3(A) was investigated, the peak at 849 cm-
1 was attributed CH out of plane in CU@AA, (de Luna et
al., 2015). When Figure 3(B) was examined, the charac-
teristic band of the C-O vibration at 1082 cm-! in Pb@AA
was seen to shift to 1104 cm-. The reason of this shift
was thought due to the loaded of lead on the surface of
eggshell. All other characteristic bands of eggshells
were seen. In addition, bands at 1729, 1397,1051,837
and 677 cm-1 were thought that it might belong to the
vibrations of NO2 (Bhatia et al., 1983), CO (Basaleh et
al., 2019), N-O (Zhang et al., 2021), CH (de Luna et al.,
2015), NOs (Reddy et al.,2015), respectively. When Fig-
ure 3(C) is investigated, characteristic bands for cal-
cined goose eggshell; 1635, 1441, 1091, 1055 and 877
cm! were also observed. The vibration band at 455 cm-
1in the C-AA and thought to belong to Ca-O which was
shifted to 467 cm! in Cu@C-AA. When we investigated
the peaks in Figure 3(D), the shoulder band at 1356 cm-

. Vo 7 T g

1 was attributed to C-O stretching in Pb@C-AA. In addi-
tion, newly band arose at 814 cm! in Pb@C-CCJ. This
band was thought to result from C-H out of plane vibra-
tion (de Luna et al., 2015). The vibrational band of Ca-O
at 455 cm in C-AA was seen to be shifted to 474 cm-!
in Pb@C-AA (Pandit and Fulekar, 2017).

SEM-EDS Results

Figure 4 shows SEM images for eggshells in different
forms. The SEM images were taken as a cross section.
Thus, it was investigated whether the contents of the un-
powdered eggshells and heavy metals were included.
When Figure 4 is examined, bright parts show areas
covered with metal in Figure 4A-C-E-F. In Figures 4A
and D, the eggshells were seen as 4 layers.

ey -

D) AA

) -

Figure 4. SEM photographs of CCJ, Cu@CCJ, Pb@CCJ, AA, CU@AA and Pb@AA
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Outer layer
Inner Layer

Holes
Outer layer

Cuticle crystal layer
Palisade layer
Mammillary layer
Shell membrane layer

Figure 5. Eggshell layers

These layers are cuticle crystal layer, palisade layer,
mammillary layer and shell membrane layer from top to
bottom (Figure 5) (Hincke et al., 2008; Pérez-Huerta and
Dauphin, 2016). Heavy metals were seen to accumulate
on the outer surface of the eggshells. On the holey sur-
faces, it was observed that heavy metals penetrate in-
side, but unsurprisingly, heavy metals could not pene-
trate into the smooth surface of the eggshells. While the
Cu residues in Figure 4B and E were 2 layers on the
cuticle crystal layer of the eggshells, the Pb residues in
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Figure 4C and F were seen as a single layer accumula-
tion. In Figure 4C, the bright parts in the palisade and
mammillary layers are copper residues smeared from
the outer part of the eggshell when taking SEM images.
These results were also proven by the EDS results in
Figure 6. The EDS results from inner and outer layers
upon the cuticle crystal layers of Cu@CCJ and Cu@AA
were shown in Figure 6.
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Figure 6. EDS results for Cu@CCJ and Cu@AA at inner and outer layers upon the cuticle crystal layer

According to EDS results, copper and lead residues
were accumulated on outer layer of eggshells. Regard-
less of the type of eggshell in SEM images, copper was
accumulated in two layers and lead was accumulated in
a single layer on the cuticle crystal layer of the eggshell
that was determined by EDS. When comparing the cop-
per-accumulating layers, copper amount was found
more on the cuticle crystal layer as a percentage. In ad-
dition, it was observed that heavy metals could not pen-
etrate into the eggshells unless there was a hole reach-
ing the palisade layer.

CONCLUSION

According to ICP-OES results, amount of loaded metal
was higher in calcined eggshells. After the eggshells
were calcined, the characteristic bands of CO3z? at 2516,
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1799 and 713 cm! disappeared, while a new band
thought to belong to Ca-O appeared at 447 and 455 cm-
1 for C-CCJ and C-AA respectively. In Cu@CCJ,
Cu@AA, Pb@CCJ and Pb@AA, some physical adhe-
sions were observed on the eggshells as a result of FTIR
and SEM analysis. In the spectra of Cu@C-CCJ and
Cu@C-AA, there were some shifted bands around 400
cml. According to the SEM results, 2-layers adhesion
was observed on the smooth surface of the Cu@CCJ
and Cu@AA. It was seen that both layers formed ac-
cording to the EDS spots belong to Cu residue. An irreg-
ular adhesion was on the holey surface of the Pb@CCJ
and Pb@AA.

Lead uptake is higher in both goose and quail eggshells
than copper. That is, when these two species are com-
pared, it is seen that lead uptake is higher.
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Regardless of the species, the calcined form facilitates
metal uptake. After calcination, the surface of eggshell
can mediate to load the metal cations, easily. Calcined
form of eggshell may help more porous surface as well
as bigger surface area.

When we evaluate the amount of copper and lead over
species, the amount of lead uptake shows little differ-
ence in almost both species. While copper uptake is less
in quail species, it is seen to be higher in goose egg-
shells. These results reveal two different interpretations.
First one, the goose eggshell might be more porous, and
second one, the copper atom is smaller in diameter than
the lead atom.

In a study, it was concluded that the eggshell pore area
decreases with egg size (Chen et al., 2019). If we com-
pare the quail egg size with the goose's one, the infer-
ences are quite meaningful.
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