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Heavy Metal Pollution Characterlstrcs and Risk Assessment of Golden Snub,no‘sed

Monkey (Rhmoptthecus roxellana ) Habitat in Shennongjla Me)untalns ¢
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Abstract; The golden snub- nosed monkey is one of the moPt enddngeredJ dIllmd speciesjendemic to China. In orderto explore the characteristics and health risks of gol den
stiub- npsed n}pnkeys exposed to heavy metals, we collected the plag food: sourc es /soil, ‘and water samples from the golden snub-nosed monkey habitat in the Shennongjia
Motintains ; €xamined the contents of seven heavy metals (Cu InPb, CdsCr, Nf' and As); and adopted the comprehensive pollution index, potential ecological risk
index ,and Némerow index fo evaluate pollutants in the water, soil, and fdod pldms At the same time, the Target Hazard Quotient method was used to assess heavy metals in
the food plants. The results showed that the heavy metal concentration of the habitat water was 0. 004-1. 220 pg-L™". The water comprehensive pollution index showed that
the habitat water was safe. In addition, the o(Cd) (0. 162-0.822 mg-kg ™" ) in the soil was 2.71 times the background value of the soil in Hubei province, indicating a
moderate risk of ecological harm. The over-standard rates of Pb, Cd, Cr, and Ni in food plants were 29%, 29%, 18%, and 35%, respectively; the pollution indexes of lichen
and bark were 6. 038 and 7. 709, which were at a heavy pollution level; and the pollution indexes of Abies fragesii and Vicia cracca were 2. 716 and 2. 034, which indicated a
moderately polluted level. The rest of the plants were at a safe level. Our health risk analysis showed that the risk of lichen and bark were higher than that of leaves, followed
by fruits. Among the seven metals, As most threatened the health of the golden snub-nosed monkeys (THQ >1). In general, heavy metals had polluted the habitats of the
golden snub-nosed monkeys in the Shennongjia Mountains, and we are certain that the heavy metal pollution was associated with human activities. Thus, human activities in
the Shennongjia Mountains should be reasonably restricted in the future. Our results can provide scientific support for the population conservation of golden snub-nosed monkeys
in China and provide research samples in the health risk valuation of heavy metals in endangered animals through food plants.

Key words:: golden snub-nosed monkeys; heavy metals pollution; health risk assessment; ecological risk assessment; habitat
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Table 1 Information on sampling sites
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Table 3  Parameter used in THQ for heavy metals risk assessment
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Wb 0519 £0.010b  1.076 0. 8201y 0,010, 00Th  0.003 £0.000c| 0032 £0:002a 0.034 £0.014a  0.008 +0.003b
WA 588 £5.136b 10,523 £3. 0051 .d.j;a‘i";r,e:':"xzh 0.035£0.023c 0/416£0.3488 0,378 £0.158a 0,070 £0.0195
7 Yeut 0:944 %0.0547b 5.946 +0. 9655 0033 6. 016b  0.113 £0.038c ,0.283 £0.224a 0105 £0.008a  0.116 0,122
PeEHHBIBIT 26507 £6.552b  4.192 £1.932b/ 0.273 +0£230b  0.015 0. 009¢” 01824 £0. 1302} 0.680 £0.627a  0.038.:0.020b

3 gk 6.352%1.592b 30.502 = 13. 3701/0. 35240. 044 0. 688 +0.200a 0. 435 £0.028a ' 0.601 £0.208a  0.08 +0.018b
or 0.7478 £0.018b 3700 0. 449 0.044 £0.005h| 04009 £0.002¢ 0. 119°20.013a 0.2633 £0.0126a 0.059 £0. 044b

Aol ¥

AR g

0.048 +0/001h  1.235 +0. 206b 0. 049 t(_)_.,()éd)r_,-o. 001 +0. 003¢

0.244 +0.230a

nd

0.047 +0. 028b

'5.825+0.310b 15.018 £7.125h 0.060 £0:010b 0.011 £0.003¢ 0.122 +0.025a 0.197 +0.028a  0.019 0. 001b
IR 0.847 +0.641b  3.912 +3.347b  0.034 +0.028b 0.012 £0.008c 0.040 £0.030a 0.158 £0.118a  0.024 £0.011b
MM 3.920£0.032b 19.101 £1.093b 0.014 £0.003b  0.057 £0.000c 0.302 +0.014a 1.123 +0.002a  0.025 +0. 004b
T AR g 45.524 +45.274a 5.264 £3.572b  0.734 £0.431a  0.006 +0.006¢ 0.998 +0.586a 0.314 +0.284a  0.138 +0. 138b
KA T 0.869 +0.018b 2.354 +0.027b 0.013 £0.005b 0.007 £0.001c 0.045 £0.002a 0.137 £0.044a  0.010 £0. 002b
HAIRE 0.143 +0. 113b  0.404 +0.324b  0.010 £0.010b  0.001 £0.00lc 0.015 £0.012a 0.033 £0.026a  0.005 +0. 004b
A JLBR SR 2.349 +2.080b 16.943 +3.653b 0.077 £0.077b  0.002 £0.002¢  0.092 +0.068a 0.235 0. 182a  0.031 £0.015b
W Rz 13.238 +4. 456b 202. 305 +6. 849a 1.071 £0.793ab 0.382 +0.24ab  5.026 +0.600a 1.123 +0.620a 0. 179 +0. 059b
A 6.952 +5.151b 20.617 £13.276b 1.921 +1.219a 0.526 +0.245a 0.855 +0.575a 0.571 £0.466a 0. 440 +0. 192a
Y18 (mean) 6.352 22.180 0. 555 0. 081 0.559 0. 385 0.077
PR S E (L 10. 000 20. 000 0.300 0. 050 0. 500 0. 300 0. 500
HFRR/ % 12 18 29 29 18 35 0

DYEUE R BIE £ b2 n FRonAHPIRE SR ; FAIARFE/ING FEERIIRRIFHIRIZE 0. 05 /KF 1A B2 5 nd FoREERARAR H. Bk
BARIF (n=6) : Elaeagnus lanceolata; JEiEM (n=4) : Viburmun; BHA (n=4) : Euonymus; R JLBEM (n=4) : Decaisnea fragesii; T.A JKI (n =
2) : Holboellia fargesii; WEHH(n=8) . M. hupehensis; EVINER AR T (n=2) ; Abies fragesii; | AT BT (n=4) ; Vicia cracca; KIEFEAI T (n =

2): Cotoneaster; TLHJNF(n=2) : Holboellia fargesii; i LRI (n =4) . Decaisnea fragesii; ¥§EZ(n=8) : bark; #4(n=6) : lichen.

2.2 I 22 B S g g R XU

(1) BEAED TR SPREI(WERT),
I 46 22 A B DRARL ) i A RN Bz b T R 5 e ok
- ek MR BTG gy LI AZ R TR A B i
SAL TG G LAY AL T 2K B
L) P M A B Bz 2J 5 e i B DR T A I I8 R 2R

(2) B FAE 4 f B LR A R THQ A Y
Xif 7 FhEE 42 I B KU AN, 5 SRR (LK 8)
Cu Fl As 76 3 R IEM Y THQ EHIH KT 1. £ HE
&8 THQ {HAEM He B A B d5 = 7K OF A
Wi 5 IRV ELA A R 2 28 > BRpi 28 > SRS Y
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Fi . THQ e KA o0 Aii 78 N TP e e 119
HXC SRAE AR, e T, 263 gl 1 0 2 1 o i 46
JE 5.

(3) KIS IS Y KB P4 KR ZR 5 i5 g
TERERIT, PRI 4 22 e 2 K AR 5 Jm Ak T
TeT5 YK e SRR Bk S i e AR 25 XU &

BOTM 25 R (LR 9), & RFEAM 1, (A1
~3.33 ~0.02 ZJa], & Cd &b T B85 e ok, Hody
TCR AL FIET5 YK, £ RAE R Cd B R
WA, 5 N HURE S, HXC B e ibF
B ERE, KA X R #/NF 150, 8 &

x5 HEHTIESEESE" /mg-kg!
Table 5 Statistical description of heavy metals in habitat soil/mg-kg !
JLR JHP DLT XQJp JHL HXC ¥fH T SE

Cu 12.038 £2.635  12.978 +2.345  21.156 £9.773 8.268 +6.368 12.166 1. 831 3.531 + 7.072 30.7

Zn 62.623 +5.788  63.040 £11.768  90.551 +8.904  37.493 £21.738 118.278 £42.366 76.146 +36.241 83.6

Pb 8.781 +1.425 6.799 +1.576  11.363 £0.976 5.789 +3.007 14.669 £4.214  9.892 +4.061 26.7

Cd 0.275 +0.043 0.257 0. 047 0.547 +0. 066 0.399 +0.262 0.834+0.517  0.492 + 0.330 0.17

Cr 54.615+£3.896  36.576 +£8.825  42.815+14.221 12.824£12.603  36.683 +6.470  32.389 +14.339 86.0

Ni 18.923 £4.129  19.507 £3.982  24.449 £7.796 5.765 +5.056 23.718 +4.426  18.313 £8.730 37.3

As 8.228 +2.245 8.095+3.308  10.146 £2.853 3.013 £2.039 10.194£0.934  7.911 3.441 123

D) BUEATH9ME + brifl2z n : , ¥
F6 MEHKEESBRE ue-l [T s
Table 6 Statistical description of heavy metals in habitaf wilfer/g- 1~ | ;.-'f"i ]

JLE JHP DLT Xqip JHL " ™ I e
Cu 0.418 £0.096  0.0381+0.050 | 0.533 £0,070_41.167£0.962 | 0.756+0.000 0. 688 +0. 545 107,

“ Zn | o §._L4"J_r I 030 0.000 +0.000 L/ "‘33, 459 ‘+‘3£§_Q9'J 0.790 + 1. 173 Z~-"1L. 036"£0. 000 ) 4200 £ 1. 074 50
Ph 0./012°0.002  0.007 £0,003 70/ 0170,004_, 0.017£0.011  ,0.069 £0.000_  0.019 £0.017 10, &
cd 0,004 0,000 0.002 £0.001 00003 +0. 005 0.004£0.002 / /605 £0.000"} 01004 £0. 002 Ta 1
€1 0,044 +0. 104 0. 381 +0. 050 J Q:“.844k :6..326 0.735+0.356 | 0607 £0.000  0.614 £0.251 10 e
Vi ,u"' 0,270 £, 001 _; 0.212£0.010 _J0. 387 0. 074 ./ 0.801£0.616 0.578£0.000  0:472 x0.365 20
qu ' 0.035 0. 043 0,028 £0.008.5 0.047 %0, 61"_9'_:_f-’5. 033 £0.020  0.109%0.000  0.047 0. 029 50

1) B AR« i
x7 JI&4BRRFEYESETRIEH
Table 7 Pollution index of food plants of golden snub-nosed monkeys
EEREESECS CXC
EYES WL = — Pﬁ - BR(P) = — — %25(“;:) e
WAL A& (n =2) 0. 066 0.212 0.233 0.197 0. 152 0. 479 0.052 0.216 L4
IR JE W (n=4) 0. 588 0.526 1. 169 0.173 0. 831 0.158 0. 140 0.952 LRk
FHHM(n=4) 0. 094 0.297 0.113 0. 565 0. 566 0. 350 0.232 0. 459 b
Bk P st T (n=6) 1. 326 0.210 1. 467 0.073 0. 447 2.267 0.075 0.797 Lk
JEHMT (n=4) 0. 635 1.525 1. 175 3.441 0. 869 2. 005 0.159 1. 465 R
WL (n=4) 0. 048 0. 062 0. 165 0. 050 0. 489 nd 0.071 0.357 L4
TF(n=4) 0.073 0.185 0. 147 0.045 0.238 0. 878 0.119 0. 074 b
FHAJNEEM (n=2) 0. 582 0.751 0.199 0. 053 0.243 0.658 0.039 0.589 L4
HHE(n=8) 0. 085 0.196 0.113 0. 058 0. 081 0. 527 0. 047 0.178 Gl
BALILAER (n=2) 0.022 0. 054 0. 038 0.014 0. 064 0.114 0.017 0. 056 U
EIR T (n=2) 0.392 0.955 0. 047 0.287 0. 604 3.742 0. 050 2.716 R
Rk JHAEHE (n=2) 4.552 0. 638 14. 072 0. 029 3.735 1.045 0.276 2.043 R
KIeEAF(n=2) 0. 087 0.118 0. 042 0.033 0. 089 0. 456 0.020 0.333 ey
AHME(n=2) 0.014 0. 020 0.032 0. 004 0. 031 0.111 0.010 0. 081 L4
WILRF(n=2) 0.235 0. 847 0.257 0. 009 0. 184 0.783 0. 062 0. 645 o
S WA (n=6) 1.043 1.031 6. 404 2.630 1.711 1.682 0. 883 6.038 B
W (n=8) 1.322  10.115 3.570 1.910 3.745 1. 124 0.358 7.709 GiV;3

1) n FRoRTERE B 3 nd FoRFE R ARAE
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*8 JI&4BEFEYVESE THQ E
Table 8 THQ of heavy metals in the food plants of golden snub-nosed monkeys
L/ <2 Cu Zn Pb cd Cr Ni As THQ BHRR/ %
o 1. 14 0.33 0.48 1.02 0.00 0.22 1.33 43
R 1.98 0.12 0.35 0.08 0.00 0.11 1.46 29
A KA L 2.27 1.27 3.01 3.41 0.01 1. 46 8.53 86
JHP 0.47 0.10 0.11 0.26 0.01 0.16 0.86 14
DLT 1.05 0.47 0.36 0.32 0.00 0.29 1.83 29
XQJP 1. 00 0.13 0.73 0.95 0.00 0.69 2.51 29
JHL 1.15 0.72 0.77 1.93 0.00 0.25 2.12 43
HXC 9.85 5.62 2.45 3.11 0.01 0.44 5.80 86
®9 ITEESEMRREBREEESRERE
Table 9 Accumulation index and potential ecological risk coefficient of soil heavy metals
HbIX Cr Ni Cu As Cd Pb Mn Zn RI
JHP -1.24 -1.56 -1.94 -1.16 0.11 -2.19 -0.67 -1.00 63.29
DLT -1.82 -1.52 -1.62 -1.19 0.02 -2.56 —-1.47 -0.99 60. 02
XQJP -3.33 -3.28 -2.47 -2.61 0.65 -2.79 -2.54 -1.74 76.78
JHL -1.59 -1.19 -1.12 -0.86 1. 10 -1.82 -0.31 -0.47 1572
HXC ~1.81 ~1.24 ~1.92 ~0.86 1.69 ~1.45 ~0.72 ~0.08 ".',‘1,64. 00
2.3 NI 4 QZ%?/E*E%EAE{WE’J WXk, Wﬂjr*%ﬂi{@?ﬁiﬁmﬁ*ﬂﬁ Pb (;d "As
v Ni T Cr A 0% 2 5 B L TS 52 o TR L4

HISCAPEI BT 2] (I3 10), As Cu %u Pb Zm-,

A -2 4T B A, T el e
W SRS TR 40 4 4 %, 5 5@%& €y
FPh, & 2 K MG, 4 3 5@7 Zn Fil ca,,@ﬁz& ;’éjﬂ.wl

AR AR SARCLE 3) ), RN kR g Koy
5 0 DR A 0 L6 135 25 5 (P ) 1
S AL Cu i Cr LA 503502 5244 (P 5 i 'ﬁj;
P 7u, Bh ) CAB i BLAT 35 AR e, 1

(JUHI2) 3 ‘ﬂ*ﬁa@f%ﬂﬁ f%‘fﬁj F) | R L TILLHER 3 ﬁm%?ﬁ/ﬁ?iﬁ%( UES 11)
o /1 | s | 3 (™ UL T Pt
5 o Table 10 Conrelauon table” “of heavy metal contents in food plants
4 " Cu Zn Pb cd Cr Ni As
Cu 1 0.384 " 0. 669 ** 0.129 0.446 0.338" 0.750 **
Zn 1 0. 636" 0.611" 0.283 " 0.578 0.268
Pb 1 0.487 * 0.338" 0.459 0.778 **
cd 1 0.158 0. 287 0.276
Cr 1 0. 380 ** 0.415*
Ni 1 0.267
As 1
1) * %R P<0.05, ™ R P<0.01
11 Y, HRAKESES BELK .
Table 11 Correlation table of heavy metal contents 3 .LT‘h'@
among plants, soil, and water 3.1 JII QQ@?{}?*E%EAE {_5 tl: ﬁ:}"fﬁ
e O o PRI 4 22 Er R TP R LR KA T
Gt 200 Gt 0809 2 5K A T 4 TR
oot 043 oot o1 HIRIES B o TR R S AR — 3
o e e o T WSR2 ) AR R 80 A
y N =1 ™ N
cd-cd 0.833 " cd-cd 0. 080 = %4 o e e
Cr-Cr 0.233 CrCr 0.276 NI BRI B R 35%, Ni B FR G T
Ni-Ni ~0.061 Ni-Ni ~0.363 P, BUEAEY) Ni JTR BT RE S X 4 220 1 A= 5
As-As 0.115 As-As 0.531 RG5O i %o 1] 4 22 A S Ni T

1) * R P<0.05, ™ %K P<0.01

<) A TR , S0 T 1| 22 AR A Bl . IR )
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Fig. 2 Cluster analysis of heavy metals in food plants 8 Cr Ni Cu As Pb Zn
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Fig. 4 Effects of human activities on heavy metal
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Fig. 3 Effects of human activities on heavy

metal contents in food plants
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