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School of Resources and Environmental, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China;
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[ Abstract] To investigate the contents and pollution of heavy metals in calcium-containing biological minerals, 16 samples were col-
lected from three primary categories: eggshells, shells, and animal bones. Inductively coupled plasma optical emission spectrometry
(ICP-OES) was utilized to analyze the contents of seven metalloids and heavy metals (As, Cd, Pb, Cr, Cu, Zn, and Mn). The pol-
lution degree and risk of heavy metals were evaluated using single-factor, Nemerow comprehensive pollution index method, Hakanson
potential ecological risk index method, and health risk comprehensive assessment. The results show that As and Cd are not detected in
all calcium-containing biological minerals, meanwhile Pb is not detected in both eggshells and shells. Five heavy metals (Pb, Cr, Cu,
Zn, and Mn) are detected in the remaining samples, with their contents remaining below standard. Differences in heavy metal contents
are observed among different categories and species. Cu, Mn, and Zn have the highest contents of 14. 85, 21. 47, and 201. 99 mg/kg,
respectively accumulated in eggshells, shells, and animal bones. The risk assessment results show that the single-factor pollution index
of four heavy metals (Pb, Cr, Cu, Zn) in calcium-containing biological minerals is less than 1. 0 and the comprehensive pollution in-
dex is less than 0. 7. All samples are indicated as unpolluted. The potential ecological risk among three types of calcium-containing bi-
ological minerals is in descending order: animal bones > eggshells > shells. The non-carcinogenic total risk index of two exposure

pathways for minors and adults is less than the safety threshold of 1. 0. This finding indicates that five heavy metals in calcium-contai-
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ning biological minerals are unlikely to threaten human health. Overall, calcium-containing biological minerals can be used as potential

sources of fertilizers and soil conditioners in agricultural production. However, their usage should be controlled to prevent heavy metal

accumulation and pollution.
[ Keywords ]
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Table 1 Evaluation standards of heavy metal pollutants in calcium-containing biological minerals
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Table 2 Grade standards for single factor and Nemero comprehensive pollution index
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Table 3 Grade standards for Hakanson potential ecological risk index
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Table 4 Health risk assessment values of heavy metals in calcium-containing biological minerals
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Table 6 Statistics of heavy metal contents in different species of calcium-containing biological minerals
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St Cu Mn & 83K, 43514 0. 233 ~ 1. 808 mg/kg
FIND (R ~1.772 me/kg ;150G EAH L, 15
H5¢ Ca Ml Zn S LW 25, A ETH P Cu
FI Mn (& B 2 Th s X 0T RE S AW AR b Y
Cu Mn K P35 FHEXSEMAT X, Mn . Zn Fl1 Cu 55
SR I AR A 6 T SR JT 2, R U, AR AR N
Cu Mn S5 7o 2] fid g AR B e N R TORR, i 4
BELMED BT OMRERETPNESRE
Frik, ERESED Mora™ Rani %5 0 HF5E T H
HEFT I E 4R R B, A5 KR W AR M
XA ECTESBKEAREES /NAEE
TG R EMNESIBITEN Zn Cu, 5G4 SCHE
RERU AN ERRXE LR CER, HiExh
FERBWELEITEMF, K Zn Cu,

TEDL S Mn A& & 5, 7E 17.97 ~21.17
mg/ kg, FIKHAE P WSS R ARNLL, V52T Cu Fe Zn
TR F U, B Mn ST R & sl FH47KF, H Mn
St AR, D5 R 4 A B S KR R e
HE 4 19 i DDA DG Il K IR SRR T E AR
S, AR IR R A E AR A A Y Rl
FEAET RIS R B, A W R T AR AR DL 28 B R A
SUEN WA E A UA  F8 R B R F 4R 1Y
AR, 1 a0 A 25 sh W e s K i R HLTS e
Y1, Cu RERS SAHLIS YIS A i i WG 7E R K el
SUNISCE SRR TR b, P DL Fe 2R A X K AR i 4
R R T ARG YRR, AWEge T, D sedsrh
5 FPEE 4 JE 1 A K BN AR K R Mn (19,57
mg/kg) > Cr(7.89 mg/kg) >7Zn(6.52 mg/kg) > Cu
(2.23 mg/kg) >Pb(ND) , 5 Nour 2" {1y BF 5 AH
Lt , Dlse b 43 ) & AR

FEEEIET, Zn 5 s, 7E 76. 85 ~201. 99
mg/ kg , 66 KT H AL 4 8 0 3, X T B sh 0B %
AR R Zn EZEA K BT R
Zn XTI B T R & Bl & S HEVE, Bk =
Zn TTRESEEYEAE 2R L W, B E Zn
BREAEAR T, USRI Zn BER i 4 sl e = i, 1
REMEAEAE RIS B2 Zn'* T Cu 7 315 B 1 &5
AR, AR P E P Cu & HE N
2.73 mg/kg , 5 Zetzsche 252" Blavi 25 BUHFS5EHH
L, R Cu Ik, B4 Cu U0 i, 2
eI | R = i SR - SN 1 e o
b, & BRI Cr & s, 48. 55 mg/kg , fii Cr
E R ET o, /T LR & & i Kt gE, ik
e i L IR S o TR i e e R
K B RS, ZE DR A N Cr, R BB B Cr
RN, T E SRS E A Ak

WINE AR WS RERS B 4AEEGFP G &
i N IS N A V=3 X ik SR S R B I I S E S
AR EREE R FENESESE
SRR | AR5 U B A5 3 AU

AR A YT Y)W E 4 JE 5 Y S
FR RS, S5 G A F 22 oK i T B ES FE A )
W WpAe H2e 4 R PE A & e AR R TR
ROV GEEVE 22 A6 —AF DUAE B AR A 28, WS 3 AR
VI Z SR R TR (2K AER
SERRAL A T SR ) 14T BRI AR M Ph
Cr.Cu . Zn B AT 13810 & 4 A FH AT BR 52 i 557N
AT 20 e AR FHAR R ly 592 4F, fihvaij e 25 1)
38 25 43 A7 A SR BRI 6 R R B A [ 1 4
PRI = i o EE 4 g e R 0 B AR AL F A X 2 4
F KSR, (B ) R 3 BRI As Pb Cr
TCRATAE—E i [0, JEHJE Ph oo R, 1 T 8L
AR PTH RORE B AL R AW e B A BEE A+
Bk 55, At WE ST A DL AR N TR AE i rh
S E MK PR) Ph Cr FEER, IR A S SA
() /0 4 T R AR MEAE A= 7= Hh i B, K H T
eGSR IR EEA BT Y ARG R,
B E T DLSE2eM Bl h Ph SR K, BB 26
B Ph Cr Cu.Zn Mn SFHE &8 S EHARB L
- HEE N A SR AR ME (NY/T 3935—2021 ) FlIfE
] i A A A v BR AL, LB AV 7 A 25 KU AR /DN
L, RIS DL5eds & B RS A w1k
SRy SRk AR 7 A SRR B ], BE A8 HE E A b B IR F R
H LA B e IR ER

4 Hig

(1) ZBF5E T RAE 1Y 16 405 5 24 Wi Wy R
I E&H Pb Cr.Cu.Zn Mn FHE4BICE, AH2E
A [RI b5 56 A= Wy i ) =2 B 19 B 4 R 7 & 0 A AT
TE—E MR B E 4R & R E/NF
4 Cu>Zn>Cr>Mn>Pb, 115724 Mn > Cr > Zn >
Cu>Pb,&HHZHN Zn>Cr>Mn>Cu>Pb, [, &
4 )& Cr.Pb Cu Zn % 76 B L 58030 & 4
JRARME(NY/T 3935—2021) | & [ Ji 24 FE AL A 1 BR
(EE

(2)16 FHESEAEYH Y h E 4 )& Pb Cr Cu. Zn
() ERLPR V5 e 8 BOR 255 5 G R B i R 42 B 1
b F ARG YK, I AV T Y E AR L AT Y
FEENK B NHET . BB 2 > D5Eds > Hoe k.
5L ) R AR T A A S KB RS B (RY) Sk
2. 156, /NT 150, J A JXURS: 2 B i T e A 25 XU
PR & B2 > Eeds > Ik,
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