STEPHEN F. AUSTIN
STATE UNIVERSITY

COLLEGE OF SCIENCES
AND MATHEMATICS

Analysis of East Texas landfowl and waterfowl eggshells

Crystal Davis?; Dr. Alyx Frantzen, PhD?'; Dr. Franta Majs, PhD?
1Stephen F. Austin State University, 2University of Florida

Department of Chemistry and Biochemistry

_ Abstract Methods and Materials

(6) United States Environmental Protection Agency. (1996, December). Method 3050B: Acid Digestion
of Sediments, Sludges, and Soils.

SFA Poultry Farm
East Texas Hobby Farm egg donor

Introduction
Calcium carbonate naturally occurs and is a key component in Sample Preparation Fgas are a major component of the life cycle of avian species and
animalia structural physiology, land egg laying amniotes, fossil * Collected eggs and washed with a mild detergent the environment. The composition of the egg reflects the diet
deposits, pharmaceuticals, organic deposits in soil, and is the main » Carefully scored to divide eggs into sharp and dull ends then cleaned and consumed by the animal and can be used as an indicator of the
chemical component in limestone. Calcium carbonate is removed inner membranes. environment it lives in[1]. Proper calcium intake is imperative for
theoretically found to make up ~94% of the chemical composition in  Ground eggshells using a McCrone Micronizing mill and 200 proof EtOH the success of offspring and the production of eggs. Improper
chicken eggs with variations among different avian species, which for 3 minutes each to form an eggshell slurry, Greater Rhea egg was calcium intake or presence of heavy metals, like strontium, can
. «, o . . V4 )
translates to an approximate 40% Ca composition in eggshells in ground approximately 30 minutes disrupt the hatching success of the eggs[2]
commercial chickens. Eggshell formation is dependent on carbonic « EtOH was evaporated from eggshell slurry and dried at 1052C oven then Calcium carbonate is the main chemical component of eggshells and
anhydrase in the shell glands of egg-laying species and can be homogenous to a powder using an agate mortar and pestle makes up about 94% of the eggshells in poultry chicken eggshells
affected by environmental dietary factors. If the diet of the avian  0.1000 g of each sample was digested using modified EPA Method 30508B and about 92% in duck eggshells[3,4]. Other trace metals like Sr, Ba
. . . . L~") * ) )
species contains contaminants, such as strontium or other heavy for Sediments, Sludges, and Soils[6] Mn, As, Cd, Cu, Pb, Hg, Se, V, and Zn could also possibly be found in
metals, the calcium can be displaced by the contaminant and cause * Powdered samples used for STA Mo the’che’mic’al cénmr;osit’ion’of’the eggshells[2,5]. The presence of
malformations in eggshell structure. The contaminant can further * Preparation of 0.1 M HCl and 0.01 M NaOH — & some of these heavy metals can lead to egg ’malformation embryo
leach into the albumen and yolk of the egg. This is harmful to an izati i T )
e eggor o embgjgo e eg:; e Standardization of HCl and NaOH using KHP i ‘ }‘. death, transfer of the metal to the yolk and consumption by other
. ) . 2 species.
The eggshells of various East Texas landfowl and waterfowl| are being Instrumentation The CaCO, is monitored using STA-IR, following the decomposition
analyzed to determine calcium, strontium, carbonate, carbon, * Perkin ElImer STA 6000 coupled with Perkin ElImer Spectrum One FT-IR in . T “ ! of the carbonate to its respective oxi’de and CO,. The combustion of
nitrogen, and chloride composition of the shells. The shells are nitrogen and air backgrounds TS M R R Bl TR any organic material results in H,0 and CO, peaks would be seen in
j'zf'ded Into thﬁ sharpl and dulf ends to dletermlge Tthereis any * Perkin Emler ELAN DRC Il ICP-MS Figure 1. Cleaned and dried halves of eggshells before grinding. | the IR. ICP-OES, ICP-MS, and a LECO CN analyzer will be used to
ITference in chemical composition. Analysis is done using ICP-OES i i _ SFA White, Greater Rhea, SFA Brown, Bantam Seabright, , ,
-Omp naty 5 / * Thermo Fisher iCAP 7400 ICP-OES Dorking, Araucana Cross, White Leghorn, Duck, and Barred detect the percents of other possible chemical components of the
ICP-MS, LECO carbon nitrogen detection, STA, IR, and IC. e LECOCN 628 Rock(Top left to right descending). egashells
Results Discussion/Conclusion
Table 1. Percent CaCO;, %CO, 2, and %C by mass of various eggshells from avian species in East Texas using STA-IR in e The% CaCO3 found in the majority of eggShe”S was ™ 94%, which
air and nitrogen backgrounds, back titration, and LECO C N detection. < was to be expectec based on |iterature[3].
0 0 0 - 0 - %CaCO3 % COS & 0 0 - : ~ o) 1 ~ o) 1
Eggshell Sample nﬁfricgﬁ AC:iCrios Ai?rgz N/?tfigin - Bach Lg)é:o A)LcE:géz - CaC0. > Ca0 + CaCo. . The % CaCO.3 found in duck eggshells-(rotten) was ~ 91% which
£ 8N titration titration - - with approximately near the expect literature range of the %
Barred Rock 1 sharp end . L, -
(rotten) 9471 9594 6457 6377  93.87 5628  10.64 53.16 | 3 | CaCO; of duck eggshells[4].
Barred Rock 1 dull end . . | \ * There was significant mass loss event present in the eggshells to
(rotten) 9425 9401 6370  63.90 94.04 56.38  10.14 50.65 “ _— . 0 o :
Ao T \ R exhibit a thermal event between 200 °C and 600 °C in all the
Barred Rock 2 sharp end 93.85 93.71 64.59 64.47 92.96 55.73 10.82 54.04 g esoshells but cannot be identified through STA-IR
Barred Rock 2 dull end 9338 93.66 6452 6441  93.35 5597 1141 5703 . m : B5- ' L 5 '
White Leghorn 1 sharp T e e S ° DU”ng STA-IR ana|y5|5 N alf, there was no detectable HZO peak
end 95.62  95.62  63.19 63.20 93.82 56.25 10.26 51.28 Figure 2. Decomposition of CaCO, using Thermal Figure 3. STA plot of the thermal gravimetric mass Figure 4. Weight percent of mass '955 f.rom the thermal between 4000-3500 and 2000-1200 cmtin IR.
. Gravimetric Analysis by TGA. CaCO, decomposes to CaO loss of the Greater Rhea full end in nitrogen(blue) event of the Greater Rhea full end in nitrogen(blue) : : : :
White Leghorn 1 dull end 96.99 97.24 62.45 62.38 95.18 57.07 9.65 48.21 2nd CO. between 600 °C and 950 °C and air(green) backgrounds. and air(green) backgrounds. The percent mass loss in ° The first thermal event is probabiy a Combination Of Mgco3 and
S 2 both nitrogen and air were the same. The weight rotein decomposition. Both processes produce CO,, with
end 9453 9409 6433  64.16 93.16 55.85  12.56 62.74 percent loss in the first thermal event was 4.828%. The P | P 'ton. p. . .p 27 |
White Leghorn 2 dullend  93.98 9397 6463 6448 8831 5295  12.57 62.82 weight percent mass loss in the second thermal event protein decomposition producing additional water or ammonia.
Profile | @ Spectum = 41. %. . . .
Araucana Cross 1 sharp - oo | was 41.533% If present, both are below the detection limit of the IR.
end 9330 93.12 6493  65.07 91.18 54.67  12.53 62.58 . " (6a) nitrogen background _ .
Araucana Cross1dullend 93.28 9321 6459 6455 9152 5487 1225 6120 i f R 1 0w * |nconsistencies were found between LECO and STA data for
Araucana Cross 2 sharp LS o e ol £nd it several eggshells due to drift in the LECO columns. These will be
end 93.05 93.01 6459  64.50 90.74 54.40  12.22 61.05 < o
Araucana Cross 2 dullend 9298 9270  64.54  64.56 92.35 55.37  12.34 61.64 o rerun.
Dorking sharp end 89.50 94.13 64.30 61.46 92.74 55.61 13.20 65.93 :gi;‘évwﬂw Ji\
Bantam Sebright sharp o
end 92.33 9257  64.98 65.13 90.48 54.25 13.46 67.23 < % : : :
Bantam Sebright dullend ~ 91.68 91.10 6556  65.39 87.63 52.54  13.78 68.84 o * Analysis of digested eggshell samples using ICP-MS and ICP-OES
Duck 1sharpend (rotten) 90.92  91.26  66.18 6594  89.28 53.53  14.19 70.91 b TV | G A instrumentation to determine the concentration of any trace
Duck 1 dull end (rotten) ~ 91.15 91.06 6575  65.84 91.71 5498  14.00 69.96 | Figure 6. Stack plot of the accumulated FT-IR spectra of heavy metals and contributing chemical components to the
Duck 2 sharp end 91.80 9162 6537 6562  83.99 5035  13.96 69.73 rigure . FT-IRfour plot screen of the spectra of Greater Rhea Hea hole end dur vsis ..
hole end captured during STA analysis. Time Profile showing G.reater Rhea ho e.en uring STA analysis in Figure 7. FT-IR spectra of the Greater Rhea hole end comp05|t|on of the shell.
Duck 2 dull end 92.85 92.76 64.83 64.89 91.51 54.87 13.67 68.31 o : : nitrogen(6a) and air(6b) background collected over . L. . ] ]
étransmittance over time length of spectra taken (top left) - - - during STA analysis in nitrogen background(top * Confirm % CaCO, from the STA-IR using standardized carbonate
Duck 3 sharp end 93.22  92.69 65.18 64.97 91.95 >5.13 13.22 66.06 Spectrum of sample collected at one frame(top right). False time. CO, peaks Were seen du.rmg the first thermall : spectra) at max absorption time of 3541.03 sec, ] .o 3 5
Duck 3 dull end 9329 9288 6455  64.93 91.35 5477 1293 64.62 color shows intensity of peak over time taken(bottom left). event and more intensely during CaCO, decomposition, &0 <o ond thermal event, compared to NIST CO determining procedures: XRF and XRD.
Stack plot is the 3D accumulation of spectra collected over second thermal event. No H,0 peaks were seen during hase referen tr (’b ttom tra) at 2 i i
Greater Rhea hole end 93.64 93.44 63.40 63.36 94.12 56.43 10.69 53.40 - . the run in air. gas phase e.e ence Spectra (bottom spectra) at a ° Confirm presence Of MgC03 u5|ng XRF and XRD
Greater Rhea full end 94.47 9449 6323  63.07 95.84 57.46 11.27 56.29 time(bottom right). 96% match hit.
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