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Quantifying Concentration of Trace Elements,
Heavy Metals in Hair of Pére David’ s Deer and
Its Application in Environmental Monitoring

CHENG Zhibin, BAl Jiade®, ZHONG Zhenyu, ZHANG Yuchen,
ZHANG Shumiao, ZHANG Qingxun, SHAN Yunfang, GUO Qingyun, ZHANG Pan

(Beijing Milu Ecological Research Center, Beijing, 100076, China)

Abstract: Life conditions and habitat status of mammals could be reflected by trace elements and heavy metals in animal
hair which is also a key biological-chemical indicator. To explore the feasibility of monitoring the habitat environment through
the content of trace elements and heavy metals in hair of Pére David’ s deer ( Elaphurus davidianus), we studied 34 trace el-
ements and 10 heavy metals in hair of Pére David’ s deer from Beijing Milu Park (BMP) and Lin” an City of Zhejiang Prov-
ince (LAZJ). The results showed that except Re, the other 43 elements were detected in the hair of Pére David’s deer. 34
elements were the characteristic elements such as Li, Be, Sc, V, Co, Ga, Rb, Ir, Mo, Cd, Cs, Ba, La, Ce, Pr, Nd,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, TI, Bi, Th, U, Nb, Ta, Zr and Hf. Concentration of six trace elements includ-
ing Sr, In, Sb, W, Bi, U and five heavy metals including Zn, Cu, Cr, Pb, Cd in hair of LAZJ were lower than those in
BMP, concentration of the other 32 trace elements in LAZJ were higher than those in BMP. Independent sample t-test
showed that among the 43 elements, only six elements including Cr (p=0.064), Ni (p=0.769), Mo (p=0.129), TI (p=
0.065), Zr (p=0.138) and Hf (p=0.057) did not differ significantly between BMP and LAZJ, thereby regional difference ex-
isted in hair of Pére David’ s deer. Habitats and food resources of Pére David’s deer in BMP and LAZJ were not affected by
Zn, Cu, Cr, Pb, Cd, V, Co, Ni, Sb and Tl heavy metals pollution. Itis concluded that the content of trace elements and heavy

metals in hair of Pére David’s deer can serve as non-invasive indicator materials for heavy metal pollution in their habitat.
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M0 pg/g. BREEDEICER & i E NI at R
T AN VT 22 36 20 (R AEAS Y290 . R R 2R
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Ce.Zr.Li.La.Nd.Co.Ir.U.Ga.Th.Sc.Pr.Nb.Cs.
Gd.Sm,Cd Mo Dy W .Sh Er.Be Bi.Yb . Hf .Eu.Th,
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[ i & T F A Zn. Sr F1 Ba, 43 % & (107. 385+
19. 144) ((7.893+1.304) . (7. 694+2. 741) pgl/g; JFi it
S EHEA G 3 I T ZR A T Lu Al In, 43 518
(0. 005+0. 002) (0. 004+0. 002) (0. 002+0. 002) pg/g
(R, BESIGEREN, BEWHEMETCES
Al Ay 425 (1) KT 100.0 pglg, Zn; (2) 6. 0~
8.0 pg/g, f135 Sr.Ba Ml Cu; (3)1.0~2. 5 pg/g, fL 45
Cr.Pb.V.Rb.Ni Ce.Zr; (4)/NTF 0.8 wg/g, (495 Li.
La.Nd.Co.Ir.U.Ga.Th.Sc.Pr.Nb.Cs.Gd.Sm.Cd,
Mo.Dy W .Sb.Er.Be .Bi.Yb . Hf Eu.Th . Ho Tl .Ta,
Tm . Lu fl In,

10 Fofr 5 42 J Joi 2 0 B R B/ MK A Zn  Cu
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19. 144) . (6. 096+1.307) | (2. 323+0. 936) . (2. 094+
0.912) . (1.732+0.791) . (1.394+0.498) . (0. 476+
0. 183) . (0. 1000. 048) . (0. 039+0.011) . (0. 010+
0.005) pele.
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Tab. 1 Mass fraction of heavy metals and trace elements in hair of Elaphurus davidianus nelg
JLHF LT W% FHE JLHR L nirg i T Wil F-H{H
Element BMP(n=10) LAZJ(n=10) Average value(n=20) || Element ~ BMP(n=10) LAZJ(n=10)  Average value(n=20)

Li 0.479+0.209  0.958+0. 330 0.719+0. 364 Nd 0.333+0. 117 0.773+0. 246 0. 553+0. 294"
Be 0.024+0. 011 0. 049+0. 014 0.0370. 017" Sm 0.065+0. 021 0. 144=0. 044 0. 104+0. 053"
Sc 0.105+0. 051 0.225+0. 061 0. 165+0. 082" Eu 0.014+0. 005 0. 029=0. 009 0.022+0. 010
\ 1.186+0. 414 2.2770. 699 1.732+0. 791" Gd 0.068+0. 023 0. 147=0. 043 0.108+0. 053"
Cr 2.708+0. 961 1.938+0. 772 | 2.323+0. 936 Th 0.009+0. 003 0. 019+0. 006 0.014+0. 007"
Co 0.356+0. 122  0.596+0. 154 0. 476+0. 183" Dy 0.049+0.017 0. 096+0. 029 0.073+0. 034"
Ni 1. 360+0. 638 1. 428+0. 339 1. 394=0. 498 Ho 0.009+0. 003  0.0170. 005 0. 013+0. 006™
Cu 6.809+1.517  5.383+0.422 6.096=1. 307" Er 0.026+0. 008  0.049+0. 016 0.037+0. 017"
Zn 117.773220. 653 96.997+10.359 | 107.385%19. 144" Tm 0.003+0. 002 0. 006=0. 002 0. 0050. 002"
Ga 0.180+0.077  0.371x0. 132 0.276+0. 144" Ybh 0.022+0. 007 0. 03920. 012 0.030+0. 013"
Rb 1.0060. 448 2.308+0. 836 1. 657+0. 934" Lu 0.003+0. 002 0. 006=0. 002 0. 004+0. 002"
Sr 8.569+1.456  7.216%0.670 | 7.893+1. 304" w 0.073+0.028  0.031+0. 009 | 0. 052+0. 029"
Ir 0.245+0. 081 0. 458+0. 141 0.352+0. 157" Re 0 0 0

Mo 0. 079+0. 043 0. 108+0. 038 0. 094+0. 042 Tl 0.008+0. 005  0.0120. 005 0. 0100. 005
Cd 0. 128+0. 051 0.072+0. 023 | 0. 100+0. 048" Ph 2.684+0.952  1.504+0.274 2.094+0. 912"
In 0. 004+0. 002 0. 0000. 001 | 0. 002+0. 002" Bi 0.044+0.011  0.022=+0. 005 | 0.033+0.014™
Sh 0. 046x0. 011 0. 033+0. 006 | 0.039+0. 011" Th 0. 117+0. 048 0. 248+0. 082 0. 183+0. 094"
Cs 0.085+0.037 0. 139+0. 050 0. 112+0. 0517 U 0.359+0. 078 0.276=0. 069 | 0. 318+0. 084"
Ba 6.139+1.769  9.248+2.713 7.694+2. 741" Nb 0.083+0. 034 0. 148+0. 063 0. 115+0. 060
La 0.379+0. 135 0. 948+0. 308 0. 663+0. 372" Ta 0.006+0. 003 0. 010+0. 004 0. 008+0. 004"
Ce 0. 786+0. 284 1. 91620. 620 1.351+0. 746~ Zr 0.942+0.285  1.206+0. 455 1. 074+0. 394
Pr 0. 088+0. 031 0. 2100. 068 0. 149+0. 081" Hf 0.025+0.009 0. 035=0. 013 0. 03020. 012

TE: % FRORMUBRIR O 3R BT /B0 A W3 (p<0.01); * FoR2E 5 B3 (p<0.05).
Note: ** is extremely significant difference in mass fraction between regions (p<0. 01) ; * is significant difference in mass fraction between regions

(p<0.05).
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Tab. 2 Principal component matrix of heavy metals and trace elements in hair of Elaphurus davidianus
T 143 Component i S %43 Component
Element 1 2 3 4 Element 1 ) 3 4

Li 0.988 0.075 0. 063 0.023 Nd 0.991 -0. 067 -0. 007 0. 065
Be 0. 985 0. 060 0.017 0. 057 Sm 0. 990 -0. 063 -0. 002 0.075
Sc 0. 989 0. 006 -0. 060 -0. 004 Eu 0. 990 -0. 054 0.027 0. 061
v 0. 987 0.014 0. 026 -0.034 Gd 0. 990 -0. 057 -0.019 0. 069
Cr 0. 190 0. 860 0.307 -0. 154 Th 0.993 -0. 045 -0.011 0. 057
Co 0.779 0.111 -0.364 0. 021 Dy 0. 996 -0.012 0.033 0. 040
Ni 0.427 0. 692 -0. 487 0.184 Ho 0. 996 0.024 0. 005 0.033
Cu -0. 286 0.757 -0.235 0. 400 Er 0. 994 0.023 0.033 0. 050
Zn -0.274 0.722 -0.207 0. 189 Tm 0.979 0. 094 0.015 0. 047
Ga 0.992 0.072 0. 051 0.013 Yb 0.991 0. 063 0.058 0.031
Rb 0. 996 0.013 0. 041 0.014 Lu 0.970 0.116 0. 046 0. 049
Sr -0.294 0.439 0.559 0.275 W -0.271 0.901 0.014 -0.293
Ir 0.993 0. 022 0. 020 0. 044 Tl 0. 894 0. 401 0.015 -0. 087
Mo 0.538 0.282 -0. 563 -0.429 Pb -0.353 0. 879 -0. 090 -0. 087
Cd -0.520 0. 680 -0.237 0.295 Bi -0. 557 0. 647 0. 169 0.034
In -0.470 0.792 0. 120 -0.269 Th 0.995 0.019 0. 025 0. 033
Sh -0.097 0. 891 0. 185 -0. 154 U -0.519 0.437 0. 100 0.420
Cs 0. 960 0.207 0. 141 -0.023 Nb 0. 945 0. 191 0. 086 0. 001
Ba 0.971 0. 153 0.113 -0. 064 Ta 0.927 0.234 -0. 005 0.119
La 0. 988 -0. 084 -0.013 0. 065 Zr 0. 870 0.387 0.117 -0. 188
Ce 0. 986 -0. 080 -0. 023 0. 052 Hf 0.919 0.325 0. 097 -0. 139
Pr 0. 990 -0.076 -0. 002 0. 063

AHEPE M2 W, Cr Ni.Cu.Zn.Sr.Sh. W # Pb
8FPILE 5 R ICE M 25 AR 2, HOoM Se Mk
T Cr—Ni.Cr—Cu.Cr—Zn.Cr—In.Cr—Sb.Cr—
W Cr—TI,Cr—Pb ,Cr—7Zr fl Cr—Hf 25 53 [ & 4, Cr
5HAh 32 R TR 25 5 A 835 BR Ni—Li Ni—Be \Ni—
Sc. Ni—Cu. Ni—Zn. Ni—Ga. Ni—Mo . Ni—Cs . Ni—
Ba. Ni—Tm. Ni—Lu. Ni—W . Ni—Tl. Ni—Pb . Ni—
Nb . Ni—Ta . Ni—Zr Fl Ni—Hf 2% 5 . Z4h , Ni 5 H A
W3F TR 2ZRAEE R Cu—Zn.Cu—Cd.Cu—In.
Cu—Sb,Cu—W ,Cu—Pb,Cu—Bi fil Cu—U £ 7 . %
Hh, Co 5 HAB 32 P TR 2 F A W E s BR Zn—Cd . Zn—
In.Zn—Sb . Zn—W 1 Zn—Ph 2% 5 B2 4h , Zn 5 HAth
34FICR A B E B S—Cd .Sr—Sb Al Sr—Bi 2%
S AL, Sr 5 A 39 FPoT R 22 F R 3 5 R Sh—
W . Sh—Pb Hl Sb—Bi 22 5 i % 4, Sb 5 HiAth 35 F ot
EERANEF B W—Pb, W—Bi, W—Cd 1 W—In
ZRBEI,WEHHAB 3 MOCRZE R AR B
Pb—Bi.Pb—U . Pb—Cd fil Pb—In 2% 5 . 41, Pb 5

HAh3af R EZRF A RE . FIRGERYE FN5S 5
M &t S —%, 389 Cr Ni,Cu.Zn . Sr.Sh.W I Pb 8 fil
JCHR NARFHETTR .
2.3 JEESCEICENT R B Z M M s

QLRI S S NV O 7 s 2 s | b L e RN
PP RS 1 1 43 FP TR P, B Cr(p=0. 064)
Ni (p=0.769) . Mo (p=0. 129) . Tl (p=0. 065) . Zr (p=
0. 138) Al Hf(p=0. 057) 22 %A B E AN, HAR S n &R 2
S SRR L, WL A
EPBMEICE SrIn . Sh. W Bi UMIE 4 JEITEK Zn.,
Cu.Cr.Pb.Cd F¥y/b A 2R TR St e
FACF R TR o WL 2R e Tn T 25K H A
15, 4(0. 000+0. 001) /g, AAMH (F 1),

3 it

3.1 BB R OCE I SR & S IREEN)
e
JSR EWEE 1 Zn St Fl1 Ba 5T #5E 43 BU0: T 3 4%,




40 L

I/

45 %:

43524 107. 385.7. 893.7. 694 pg/g, Tm , Lu Al In 3
TG 340,43 514 0. 005.0. 004.0. 002 wglg. BEREF
rh S 53 B T 3 47 ST R KK R Sr . Ba Fll Zn, 53
] 159. 49 . 89. 13, 74. 66 pelg, Jit it 43 B0 T I
347 19 6 E MK A In, Sm Fl Re, 43 5] & 0. 007,
0.005.0. 001 pe/g™ . Geitsrdr £, BEREW Eh A
Li.Be.Sc.V.Co.Ga.Rb.Ir.Mo.Cd.Cs.Ba.La.Ce.Pr.
Nd.Sm .Eu,Gd.Th.Dy.Ho.Er.Tm.Yb.Lu.Tl,Bi Th,
U.Nb.Ta.Zr Fl Hf 34 FRFIETCER | 1M BERE A H A L
Be.Sc.V.Co.Ni.Cu.Ga.Sr.Ir . Mo.Cd.Cs.La.Ce.Pr.
Nd.Sm.Er.Tm.Lu.Pb.Th U, Zr F1 Hf 26 F 451 o€
R X RS BB AR A AR AR G B
B ELRS NPT A R SR B R
Mo TEJCER Z B AH T 1 , B RE B & i Cr—
Ni Zn—CuFF7E ik 2 IEAR G (HARIK (Vulpes vulpes ) #

B Cr—Ni Zn—Cu Z [R5 AH M

H i P3SN B AT TP AE S B A B
A E SRR RIS IR E GB 2762—2022
(B ERbRIE B 5 s Y R ) AT WM/T 2—
20042 FHAE Y Bl 570 0 28 B ek AT bR ), & 80
A6 B v AT VLG P A FI R B Y Cu e R
Ji3 i 43 £5(6. 096 pe/g) /T FRAE 20. 0 pg/g, Cr oo &
i o (2. 323 pe/g) R TFRRAE 2. 0 pe/g, Cd TGER 5
0 48(0. 100 we/g) /NFRRAE 0. 3 pg/g, Ph T E it i
E(2. 094 pglg) /NTFBRIE 5 welg, Ni TG i 434
(1.394 we/g) KT BRIE 1 we/g, Zn.Sb.V.Co ATl JC
R IA R PR, 45 & % 3 T HA W A vk &
BCP R P A R R B O, AT L s e T T
AT VLI 42 PR A R R e R 1) £ 0 RO JE PR B K 37 31
10 FhEE & JE 15 e

®3 AEAOHEEPBMELZRESH

Tab. 3 Trace elements of hair or feather among different species

JLE RS (ng-g)

REEH By

Sizjis Element mass fraction Sampling Safﬁ:‘:i;ﬂ
Zn Cu Mn Ph cd Ni cr  menth

5554 Acinonyx jubatus 248.50 12.68  2.91  3.02 12 iR h Y
%5 Panthera tigris altaica 161.85 9.72  2.92  3.21 12 gL Y
ALY Panthera leo 180.18 10.22  2.96 3.18 12 U Bl el
R Odocoileus hemionus 100.00  4.40  3.50 1—12 2 =N AIFE e N
YERE Alces alces gigas 65.50 3.40 3.60 5.60  0.28 5 3 [ B L
YERE Alces alces gigas 95.50 2.00 1.50 1.40  0.65 5 s [ B 357 L
BERE Elaphurus davidianus 107.30  6.10 2,09  0.10 1.39 2.32 5 A6 BEREAE TG & (AR F5T)
F1% Egretta garzetta 107.64 26.92  3.71 2.20 0.0l  4.25 33.80 10 P
W5 Ardeola bacchus 72.77 35.68  6.99 3.13  0.02  5.46 54.57 10 wFE
WTLRY Crossoptilon mantchuricum  107.92  10.57  14.01  1.11 .93 1.60 Ve SR T4 T 22 4% 11 R g 1

3.2 BB CHE A BE S AR R

H T AR ) M R PR A 22 5%, S EUR [R] ) ol
WEECH B PR CR (E AR & R AR E 22
St USRI T BREE AN EE BB TP A Zn Ml Cu TR
TN JE M ) SRR R R BT o ) 5
JE (Alces alces gigas)™ T Cd G ZR T w AL T Bl Fi7 3 fin
SERE® . BRFE SEREMBREEM TR Zn TR &
5 1% (Egretta garzetta) % (Ardeola bacchus ) FlltE)
3 (Crossoptilon mantchuricum ) ] & W {4 & & A
P H CuJER & LR T TR EE BER
FER ARACTE AR | 1 it B A2 B o
J& CoTE RTEEYBE P R AR R . BREEHE S

ey Eh X3P B Y Cros 2 & AR T F Rt 5 o) B
H Gt RS, UWHESE ORI A
— B E R
3.3 HER T EME B RN 22 5k
AWEFE BN, A rE TS W VLI 2 B R R R
LR Cr Ni Mo 1. Zr FIIHf 6 PP LK 22 5 A L%
Hb AR 3T FOC R 22 5 W R B B i
TCEAFAEHIRYE 2 S o JU BT R VT BEEEFP R A 2R 1
TR, WL 22 BE AR Sy Pl 7%, 25 SR R W Wi VLI 22 B
READEE B SR OC R 4 R 2B AL R R i
X AT B M BE E R E AR 06 db R i
T BERE AN R U R R 28,5 A LA &




1

PR BREEMC BRI ICR | R 5 B SO RS S A M DA 41

10 A _FA M aE e 45,10 A R EWE4 A T E
BRSO W N T E RS A EOKR T A,
57 B A 10 7 B A AC st rE i R AN BT 2%
AR AR BB, G126 H 1S (Medicago sa-
tiva) A §f ¥ (Eleusine indica) F11 J& ¥ (Setaria viri-
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