PEAL MR BE 2 4R 2023,38(6) . 81-88
Journal of Northwest Forestry University

doi:10. 3969/j. issn. 1001-7461. 2023. 06. 11

N P AR A i b X AR M L R E & B RO R TREFE R XU A

PR R RE N EE R

L. S A BB ST BT, SEBH ST 5500055 2. 59 4 Mol BB 58 B . St 5390 550005)

O ERAANOFEHHFREARLIEETL B R RS T L T ERERATIEN, ALK
AR LB RLBZM AT R ZF L RRP R L., ASBAIE TG 09 55 et Mtk fe
HERMAEEAFRT S, 2 ZR 20 MM 0~60 cm £ & F As,Hg.Cu.Zn.Cd.Cr.Pb # Ni
SHELBGEZIH AT AEAISRNE TN, EREAN, DARTR BrifEthfF Rk L3P He
SEARG. SMNA0.2,0017Tmg kg ' EERIFTMNAEFRALFTLEIZEPELELE
(0~10cm £ B), M As & EZRAEFRNALE TR S, H64.73mg kg ', A As M EEMEELF
¥ bd,Cd.Cu Hg o Ni &2 X FABEEKR, ZIRBA T FTHRZA, 2 AKRLERRE ARG He
HFHEZH,EHK 1300 m L3RG EKFE(EF=3. 11>-$mﬁ:ia&:qﬂ As & #E#HK 1200 m
kR ARG HEKF(EF=6.008) .8 ELEEZLHERS A ANE XL, DEMXBES I R0
S G s Hg F= As 5 3tk 6 # &2 % 6948 X HEAK, 3L Hg f= As 5 H AL 6 ﬁ?&&,éﬁ%z}%f\ Bl ., f
ZnNi.Pb e Cud A EL B X EEZH, AR — KRR, DAATRK Zrt ke F KRG KL 15 25 5
A 99.46 A2 107, 63,34 F 52 F A SR Ie, b, Hg 95 £ RSB F 5 51 4 72.76.62.03,3 B P 5 4
ARG, EATRHELEAREASRIE 2B L2 iRz RIRELEG KRN TAE,
KEREEMAFHR AN LE; LIEFTLEE; NG RN
FESES:S714.5 MHEKFRERD A X EHS:1001-7461(2023)06-0081-08

Accumulation Characteristics and Risk Assessment of Soil Heavy Metals in Forest

in Karst Area of Western Guizhou
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Abstract; The distribution characteristics of heavy metals in forest soils in the Karst area of western
Guizhou was investigated and the pollution levels were evaluated to provide support for a comprehensive
understanding of the health status of forest soils in the area to coordinate with local economic development
and environmental protection. Taking the soils of Betula luminifera and Cyclobalanopsis glauca forests in
the Liuzhihuade River Forest Farm as the research objects, the contents of 8 heavy metals,including As,
Hg,Cu,Zn,Cd,Cr,Pb and Ni,in the 0—60 cm soil layer of 20 samples in the study area were analyzed,and
the ecological risk assessments were carried out. The results showed that 1) the Hg contents in the soils of
B. luminifera and C. glauca forests in the study area were higher,which were 0.2 mg * kg ' and 0. 17 mg
« kg ', respectively, seriously exceeding the background value in Guizhou Province. The pollution was
mainly concentrated in the surface soil (0—10 cm soil layer). The content of As was 64.73 mg « kg ' only

in the soil of C. glauca forest,and As increased with soil depth. In addition,the contents of Cd,Cu,Hg and

Y75 B8 :2022-08-22 f&[E HHA:2023-02-09
ELWA M ARETERL SRS ER LI 7201973006) ; 5 BHE T H K L35 CE RS 3K &0 702019)3006-2) 5 57 M 4
BHET RS FAERHEA AT H (B R & AA 201956430,
E—1EH PR PR B, R W AR E SRS . E-mail: 2538057145@qqg. com
* EEEE R WL SR TR, PRI AR BT . E-mail:849741705@qq. com



82 PO LA B 2 4 38 &

Ni varied greatly and were strongly disturbed by external factors. 2) The Hg content was high at each alti-
tude,reaching the super enrichment level (EF=3.11) at 1 300 m above sea level. The content of As in the
soil of C. glauca forest reached the super enrichment level (EF=6.008) at 1 200 m above sea level,and the
contents of 8 heavy metals had no significant relationship with the altitude distribution. 3) Correlation and
principal component analyses demonstrated that the correlation between Hg and As and other 6 heavy met-
als was low,indicating that Hg and As are different from the sources of other 6 heavy metals, while Zn,Ni,
Pb and Cu and other 4 heavy metals had a high correlation and they are from the same source. 4) The risk
indices of B. lumini fera forest and C. glauca forest in the study area were 99. 46 and 107. 63,respectively,
which were in mild ecological risk,among which, the potential risk factors of Hg for two forests were 72.76

and 62. 03 respectively, which were in medium ecological risks,and the remaining 7 heavy metals were in mild eco-

logical risks. However,it is still necessary to strengthen the monitoring of heavy metals in this area.

Key words: Karst area; forest soil; soil heavy metals; risk assessment
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Table 2 Descriptive statistics of heavy metals in soils between 0 to 60cm of different forests mg + kg !
- 5 R
WwHm AR [ S H FHE FRifE2E SD C. V(%) RMEERME 5 SEAE
As R 2.16~4.78 3.28 3.18 0.76 23.20 20 0.11~0. 24
Y 30.74~113.53 64.73 62.61 26.53 40. 98 1.54~5.68
Hg R 0.12~0. 28 0.2 0.2 0. 06 28.58 0.11 1.09~2.55
Y 0.06~0. 32 0.17 0.14 0.1 56.95 0.55~2.91
Cu R 8.22~33.78 15 10. 54 8. 46 56.45 32 0.26~1.06
Y 5.67~15.81 11.4 11.9 3.26 28.62 0.18~0.49
Zn R 11.43~42.23 22.99 22.79 8.62 37.50 99.5 0.11~0.42
Y 5.05~31.54 20.95 19. 88 7.54 35.98 0.05~0. 32
Cd R 0.08~0.73 0.41 0.4 0.23 57.53 0. 66 0.12~1.11
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Pb R 14.64~29.58 20. 85 20. 65 4.12 19.75 35.2 0.42~0. 84
Y 14.62~26.75 20.61 20.7 3.92 19.01 0.42~0.76
Ni R 3.28~10. 46 6.26 6.16 1.97 31.47 39.1 0.08~0. 27
Y 6.13~33.43 15.96 15.17 8.02 50. 27 0.16~0. 85
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Fig. 1 Variation of heavy metal concentrations in 0—10,10—20 and 20— 60 cm deep soil layers among the different forests

2.1.3 X FLEMERSHAL ME 2,
As S He S REFERERESTHRcMELSR.
As F R EETEEIR 1 190~1 440 m,7E 1 200 m ik
F 5 £ K (EF =6. 008) , 32 85 4 I 75 75 X bk 1
b He & 4476 1 300~1 550 m,fF 1 300 m

KB & K (EF=3. 11) , % XAk A58 i A £
Berh AR, SR T L EE 4SS Cd.Cr,
Cu.Ni.Pb Fl Zn 7 &t B8 AK, EF {8 5 ¥4k Jo W1 W AH
KRARR =0.00), Bk kE, LIEELE S &K
BT EF 9280 514 2 JC B B



FEHRE A L SN TG A ST 4 AR AR S e TR Y SR AR AR B XU BT A

85

hard vs soft broad-lcaved forests
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Fig. 2 Variations of important soil heavy metal content EFs along with elevation in different forests
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Table 3 Correlation analysis of heavy metals in B. lumini fera forest soil
HaE As Hg Cu Zn Cd Cr Pb Ni
As 1
Hg 0.618 1
Cu 0.035 0.512 1
Zn 0. 359 0.738" 0.732 1
Cd 0.608 0.745 0.218 0. 569 1
Cr 0. 456 0.821" 0. 331 0.59 0.551 1
Pb 0.272 0.638" 0. 506 0. 589 0.261 0.574 1
Ni 0.242 0. 557 0. 581 0.923" 0. 395 0. 399 0. 486 1

W% P<0.05; * * P<<0.01, T,

2% X XIbR 438 vp A S A DG R 2 4 B
/~,Cu 5 Zn Pb WA C R 5 0.9 A1 0. 77, 52
e i 3 IEAH 56 (P <0, 01) ;Ni 5 Cr.Pb 3 5 4 i 3
EAH G (P<C0. 01 o AHOCFR 4000 0. 79 F 0. 8, i
Cu Al Zn,Pb J& [l — & ¥ . Ni fil Cr.Pb J& [7] — 3k

UL T As F Hg 5 H AR 6 Bl 43 J8 AR S PRI, &
Wl As 1 Hg 5HA 6 MHE G Jm AR AR . Bk
B X L As BRI T HAR 7 R E SR A
[ AR 4 Xt B 4 J Y SR — i B2 ) 36 5 A
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Table 4 Correlation analysis of heavy metals in C. glauca forest soil
iy As Hg Cu Zn Cd Cr Pb Ni
As 1
He 0.059 1
Cu 0.388 0. 04 1
Zn 0.45 —0.199 0.904" 1
Cd 0.299 —0.409 0.628 0.696" 1
Cr 0.564 0. 254 0.374 0.431 —0. 046 1
Pb 0.611 0.2 0.765" " 0.638" 0. 249 0.710" 1
Ni 0.552 0. 362 0.691" 0.593 0. 343 0.794" " 0.795" " 1
2.2.2 XREEBMIERI>H>N A KMO K e 25 KUK 98 BOPF#r . 45 R 3k 6 B, As, Hg,

6 5 A AR RT T KRR RS KMO B4 51k 0. 553,
0.541,34>0. 5, A #F A7 F W4T 50 Hr . 25 R N3k 5 BF
7N o TE R RERARFNGE [5 AR e 23845 T PCL.PC2 A~ F
A, /2 A B F W 22 508k 8 5 58
75. 830 M1 77. 37 Y6, FEAR AT LUAR FE R A & 19 AR
B SERFHEMR T PCL 9 77 22 TTHRF R 58. 46 00,
i, Hg Zn WA 8K, 4398 0,93 1 0. 92, Ui W
Hg 1 Zn WK 5 7] E— 2. M PC2 1Y J7 22 TR N
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U5 5 H A T 4 8 A R RS [, 3 55 4 26 1 o BT 1 45
He—HGEF XML PCL A5 22 5Tk R Ry 54, 59%
Zn Ni.Pb.Cu BY# A {E 534 0. 85.0. 89.,0. 89 Fil
0.87, WL HA X 4 Fh 4 HE & 4 J& 1Y ok U8 7] 58 — 2.
PC2 W75 22 5Tk R 4 22. 78 % AL Hg Y 4% 1 {1 %5
KK 0.8, B Heg RIEAR THRESL IR, £l
IMTa R — KW As 5 Hg WSk IS5 H4r 6
FhE 4 8 AR, Zn Ni Pb Fl Cu % 4 Bl 4 I8 A9 ok

T AR ]
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Table 5 PCA analysis of heavy metals in different forests

B B i ) R
PC1 PC2 PC1 PC2
Hg 0.93 0.22 0.11 0. 80
Zn 0.92 —0.29 0.85 —0.41
Cr 0.79 0.24 0.72 0.50
Ni 0.77 —0.39 0. 89 0.29
Pb 0.71 —0.21 0. 89 0.21
Cd 0.71 0.48 0.53 —0.75
Cu 0. 65 —0.59 0. 87 —0.26
As 0. 37 0.85 0. 69 0.13
F2ZETTHRE () 58. 46 17. 38 54.59 22.78
ifjﬁﬁﬁﬁkz 58. 46 75. 83 54,59 77.37
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Table 6 Ecological risk assessment of heavy metals in different forests in Karst area
REJRILR As Hg Cu Zn cd Cr Pb Ni
EL HERK 10 40 5 1 30 2 5 5
T HMERR B. lumini fera forests 1. 64 72.76 2.34 0.23 18.52 0. 20 2.96 0. 80
#H Kbk C. glauca forests 32. 36 62.03 1.78 0.21 5.88 0. 40 2.93 2.04
RI TeMHMERK B lumini fera forests 99. 46

H XM C. glauca forests 107. 63
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