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ZHU Li'an', ZENG Qingping', LIU Yong', KE Huan®, CHENG Jiong"*, ZHANG Huihua', LI Junjie'

1 National-Regional Joint Engineering Research Center for Soil Pollution Control and Remediation in South China, Guangdong Key Laboratory of Integrated
Agro-environmental Pollution Control and Management, Guangdong Institute of Eco-environmental Science & Technology , Guangdong Academy of Sciences ,
Guangzhou 510650, China

2 Foshan Institute of Forestry Science, Foshan 528222, China

Abstract; Decomposition of heavy metal-enriched litter may increase the exposure risk levels of toxic metals in some urban
forest communities, resulting in the human health risk of exposure to these elements. In the present study, the
concentrations of 8 heavy metals (Cd, Hg, As, Pb, Cr, Cu, Ni, and Zn) in soil and litter samples from 8 urban typical
forest communities in Foshan, an industrial developed city of Guangdong Province, China was investigated, in order to

understand the distribution and circulation of soil heavy metals in urban forest ecosystems in Southern China. Meanwhile,
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the enrichment effects of different heavy metals by litter and the return fluxes of these heavy metals from litter to the soils
were analyzed. Results showed as follows: 1) The urban typical forest communities varied significantly with the different
heavy metals in soils (P < 0.05) , showing the largest concentration differences for Pb, Cr, and Zn, followed by As, Cu,
and Ni, while Hg and Cd being the smallest. In addition, the soil depth (0—20 cm, 20—40 cm, and 40—60 cm) had a
significant effect on the concentrations of 8 heavy metals in soils (P<0.05), with the largest differences seen in the
concentrations of Cd and Hg, followed by As and Cu, and the smallest differences observed in the concentrations of Zn, Ni,
Pb and Cr. In most cases, Cd, Hg, As, Pb, Cu, and Zn had the highest concentrations in soils at a 0—20 c¢m depth,
showing the obvious characteristics of surface enrichment, while Cr and Ni showed the highest values in soils at a 40—60
cm depth. 2) Among 8 kinds of plant communities, the highest comprehensive enrichment coefficient, also referred to as
total bioconcentration factor (TBCF; 66.76) for different heavy metals by litter, was achieved in Cinnamomum burmannii
(C. G. et Th. Nees) Bl.—Mallotus paniculatus ( Lam.) Muell. Arg.—Michelia macclurei Dandy ( CMMC) community.
With the enrichment coefficient of 44.45 for Cd, its enrichment effect was most evident in the CMMC community, while
those for Pb, Cu and Zn were relatively enriched. On the contrary, the lowest TBCF (8.09) for different heavy metals by
litter was found in Castanopsis fissa ( Champ. ex Benth.) Rehd. et Wils.—Toona sinensis ( A. Juss.) Roem.—Cinnamomum
camphora (L.) Presl (CTCC) community. The enrichment effects, only for Cd, Cr, and Cu, were still evident in the
CTCC community, but for other heavy metals, were not at all obvious. 3) The results from the bivariate correlation analysis
revealed that no significant correlation was found between the return flux of heavy metals from litter to soil and the
concentration of heavy metals in soil (except for Cr and Ni). This study has strong thoretical and practical significance for
the construction and management of urban forest parks, and also for the screening and selection of heavy metal-enriched

plants.

Key Words; urban forest soil; heavy metals; litter; return flux; enrichment effect
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Fig.1 Location of different urban forest in Foshan
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Table 1 Fundamental information of each community in the tree layer in different urban forest in Foshan

Hh A S LR RS B FA 2 IR SEEI AR
Sampling location Longitude , Latitude Management Age/a Canopy density Mean height /m Mean DBH/cm

FSBG 112°59'E,23°6'N AT 9 0.92 9.95 20.7

BLP 113°7'E,22°42'N AR 9 0.93 6.35 11.88
YYFF 112°41'E,22°45'N AT 11 0.9 10 12.9

SZWCF 112°49'E,22°51'N AT 15 0.92 9.21 11.54
TKMP 112°41'E,22°53'N N Tk 35 0.79 7.9 15.98
DNSFF 112°48'E,23°22'N AT H 8 0.77 8.17 11.34
JDGFA 112°50'E,23°33'N AR 11 0.76 9.29 10.95
XQSP 112°57'E,22°55'N AR 55 0.88 5.71 9.61

DBH : F#)li§4% , Mean diameter at breast height ; FSBG : {3 LI#H4) [l Foshan botanical garden; BLP :Z=/NJp 5kl Bruce lee paradise; YYFF: 7z B Ak
3 Yunyong forest farm; SZWCF : = /K JE K Sanzhou water conservation forest; TKMP ; B %% 11 23 il Taikangmoutain park; DNSFF: K 5 1L #3%
Dananshan forest farm; JDGFA ; JLIEZF#KIX Jiudaogu forest area; XQSP; Fi#E LI/ FE Xiqiaoshan park
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F2 BWTUIRREETE TR FHFIE(0—60 cm)

Table 2 Soil physical and chemical properties of each community in different urban forest in Foshan (0—60 cm)

iR AR

Sl imiontor FSBG BLP YYFF SZWCF TKMP DBSFF JDGFA XQSP
pH 4.89 421 4.20 4.05 4.01 4.39 4.07 4.06
S0C/(g/kg) 16.59 10.04 32.13 16.75 15.19 12.82 15.79 12.02
TN/ (g/kg) 0.87 0.55 1.61 0.88 0.83 0.68 0.82 0.64
TP/ (g/kg) 0.46 0.21 0.33 0.29 0.25 0.27 0.19 0.35
TK/ (&/kg) 6.19 14.69 13.57 15.38 16.58 9.61 13.85 2.31
HN/ (mg/kg) 59.94 47.70 108.96 69.21 60.63 55.96 54.77 60.82
AP/(mg/kg) 31.79 5.42 4.47 4.64 4.03 5.64 4.23 4.05
AK/(mg/kg) 76.07 24.31 55.53 55.03 30.49 24.40 27.43 29.65
SWC/ (g/kg) 200.98 231.74 321.11 217.75 288.01 235.89 215.80 325.38
SBD/(g/cm®) 1.61 1.48 1.26 1.45 1.29 1.41 1.31 1.01
(>2mm)/% 3.44 7.51 0.63 9.80 0.34 0.63 3.22 15.93
(2—0.05 mm) /% 56.23 41.27 38.10 26.77 12.15 27.57 37.82 33.35
(0.05—0.002 mm) /% 13.18 25.69 16.05 28.77 48.74 43.08 25.06 24.61
(<0.002 mm) /% 27.14 25.53 45.22 34.65 38.77 28.72 33.89 26.11

SOC : 1384 LI Soil organic matter; TN: 4= % Total nitrogen; TP: 48§ Total phosphorus; TK: 4= #f Total kalium; HN: 7K fi# & Hydrolyzable
nitrogen ; AP : 5 %% Available phosphorus; AK ; BEZLH] Available kalium;SWC ; 13 % 7K i Soil water content; SBD; 134T Soil bulk density.
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Table 3 Environmental background values of soil heavy metals and pollution risk control standards

i H Ttems Cd Hg As Pb Cr Cu Ni Zn

BRIL=FAU 3w R

11 .1 2 2 2
Background value of the Pearl River Delta Area 0 0-13 5 60 77 3 8 o7
L 435 Y AR G B0
65 38 60 800 — 18000 900 —
Risk screening value (pH<5.5)
3 L R A
@ M 172 82 140 2500 — 36000 2000 —

Risk intervent value (pH<5.5)
T SRR B (- T 4 Jm KU SE AN 0 G 2R VT = 4 W ( DB44/T 1414—2014) ) ; O A1 Q)  FE 15 JH M+ 43835 e KU 45 P bm ot (kA7)
(GB36600—2018).

WIS BRI 0 AT 2 (H, Beli A B ZE T 50 AR H SPSS 18.0 ,Office Excel 2007 B, EIEALHIR
H Office Visio 2010, OriginPro 2015 . ArcMap 10.2.2 # 4, R FH #2522 0172 (One-Way ANOVA) FLHA A
B AL By 22 57 (P<0.05)

3 HBREHS

3.1 BhLlT AR I LI R O A AR
311 AR RS R & R

0—60 cm 13 Cd Hg As .Pb Cr Cu.Zn Ni ¥ 5728 5 FECTE A A JHE % (] 22 S 0K Y LAY T 29.33%—
85.65% ,7E LA Pb . Zn fx K, Cd \As 'k Z ,Hg .Cr .Cu Ni fi/h, HHEHELSIRSREESLE(P<0.05), 557
KA Pb Cr Zn, ¥k As Cu Ni, fx/N K Hg . Cd, H FSBG(Cd),BLP (Pb),SZWCF ( Cu.Ni),TKMP (Cr),
XQSP (Hg As Zn) ¥ 58 2 5 T AR BE -3 & it i ) 1.51%—90.75% , 5 ER VL = M - 5895 5ol (5%
3) AL R I AR IR T &, T e 1.20%—127.67% (1 2) .
312 AMUAUEEK LI 4R 5 i bl )3 TR AR AR

B E B 1 BRI R E R S B+ 2R E R, B4 2R 25 B3 (P<0.05) . %
HRIX +-4E Cd \Hg As Pb Cr Cu Zn Ni +2[2 57 RZHATF 1.40%—90.70% , i KN Cd Hg, KN As
H1 Cu,Zn Ni . Pb Cr /N, BR JDGFA(Hg Ml Zn) .SZWCF ( As 1 Zn) .BLP (As 1 Pb) . YYFF(Zn) #b, H. 43k
X#EP% Cd Hg As Pb Zn &8 7E 0—20 cm 15 ,40—60 cm fi%{iX; Cu 7€ FSBG .BLP \YYFF . XQSP ¥ Ky
2 IR A, 76 SZWCF  TKMP . DNSFF £l JDGFA A4k #4 #4152 ; B BLP (Cr A1 Ni) \XQSP ( Cr) ,TKMP
(Ni) Ab, FARARIXHESS Cr F1 Ni B E 2B (& 2)
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3.2.1 A FEHD ZRME TS 4

PAA SR TR 31 B 54 & 74 B, XQSP FeARFI IR A E, 13 F 19 J& 27 i, Hkh BLP (15 £ 22 /&
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Fig.2 Heavy metal quality score of each sampling location in the soils of urban typical forest in Foshan

23 Ff) ,FSBG . TKMP #4450 8 — U 2—3 Fh 4 i, FSBG,TKMP  XQSP ,SZWCF . DNSFF, YYFF  BLP Al
JDGFA FrARJZIFFN 355 2 RUBA F/NERE A Ey A R fif— 1L A — B Al R 22+ | R ie—oe e S —4k
TG BT — IR — AR 3 58 B B — A A — ) B R A R 22— Rt ke R i — A i —
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322 HWEAEYESE SR AT SR S R T
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Table 4 The top 6 importance value of each community in the tree layer of 8 urban typical forests in Foshan
Fb R jﬁi R AR fﬁi
Site Plant name value Site Plant name value
XQSP AT Schima superba Gardn. et Champ. 27.35 JDGFA  EBM4% Eucalyptus urophylla S.T. Blake 46.01
14 Sapium discolor ( Champ. ex Benth.) Muell. Arg. 14.51 AAif Schima superba Gardn. et Champ. 20.19
i RZE T Litsea monopetala (Roxb.) Pers. 11.75 LR H Pinus massoniana Lamb 9.93
5 % Michelia macclurei Dandy 7.08 Ik Mallotus paniculatus (Lam.) Muell. Arg. 6.21
T Cinnamomum camphora (L.) Presl 6.44 2L Tristania conferta R. Br. 5.08
SEMEEIR Pithecellobium lucidum Benth. 4.61 L1461 Sapium discolor ( Champ. ex Benth.) Muell. Arg. 4.11
DNSFF  Bi%& Cinnamomum burmannii (C. G. et Th. Nees) BL 55.7 SZWCF Rt Eucalyptus urophylla S.T. Blake 63.22
F##k Mallotus paniculatus (Lam.) Muell. Arg. 8.52 FERI Mytilaria laosensis Lec. 8.37
T 75 Michelia macclurei Dandy 8.19 A8t Machilus chinensis ( Champ. ex Benth.) Hemsl. 8.3
Flif Diospyros kaki Thunb. 4.71 NESELL T Ormosia fordiana Oliver 4.53
AN Machilus chinensis ( Champ. ex Benth.) Hemsl. 4.54 KA Vernicia montana Lour. 3.8
B Ficus esquiroliana Levl. 4.2 T Cinnamomum camphora (L.) Presl 3.67
HWiE Castanopsis fissa e . .
YYFF (Cﬁﬁhﬁffp o Berlzth.;ﬁ Rehd. of Wils. 33.21 BLP BRI RZEE Euodia meliaefolia 35
T Toona sinensis (A. Juss.) Roem. 29.88 IEWIARZET Litsea glutinosa (Lour.) C. B. Rob. 22.53
B Cinnamomum camphora (L.) Presl 11.05 RIFFEIE Elaeocarpus apiculatus Mast. 7.84
- .
B S Buodia meliagfoli 78 Wi 538
IKE Wendlandia wvariifolia Hance 6.27 JE5EHE Cryptocar-ya chinensis ( Hance) Hemsl. 4.69
#2K Cunninghamia lanceolata (Lamb.) Hook. 3.93 AK3%E Manglietia fordiana Oliv. 3.97
FSBG  RUEAK Delonix regia (Boj.) Raf. 74.58 TKMP S R# Pinus massoniana Lamb 94.96
JINHHEA™ Terminalia neotaliala Capuron 18.57 it Syzygium buxifolium Hook. et Arn. 5.04
KIEH Spathodea campanulata Beauv. 6.85
RS HBUTSMETHRMRBHEEREZEZENG6 L/ %
Table 5 The top 6 importance value of each community in the bushes layer of 8 urban typical forests in Foshan
P AR fﬁi R AR jﬁi
Site Plant name Site Plant name
value value
XQsp F3L4§ Gordonia axillaris (Roxb.) Dietr. 0.1 SZWCF =R Evodia lepta (Spreng.) Merr. 0.11
JUHT Psychotria rubra ( Lour.) Poir. 0.1 FLHAE Ficus hirta Vahl 0.1
EAF llex pubescens Hook. et Am. 0.09 BRFALT Glochidion eriocarpum Champ. ex Benth. 0.1
ARIKE Ficus variolosa Lindl. ex Benth. 0.07 B ) Desmos chinensis Lour. 0.09
II#EF L.cubeba Pers. 0.07 Fe R Mytilaria laosensis Lec. 0.09
B Michelia maudiae Dunn 0.07 4K Cratoxylum cochinchinense (Lour.) BL. 0.06
JDGFA  =Mi¥% Evodia lepta (Spreng.) Merr. 0.23 BLP 528 Syzygium cumini (Linn.) Skeels 0.1
1I#EF L.cubeba Pers. 0.23 e W Rhodomyrtus tomentosa ( Ait.) Hassk. 0.08
Bk Rhodomyrius tomentosa (Ait.) Hassk. 0.09 IEWIARZET Litsea glutinosa (Lour.) C. B. Rob. 0.07
I8k Mallotus paniculatus (Lam.) Miill. Arg. 0.07 ABEAR Rhaphiolepis indica (Linn.) Lindl. 0.07
Afi Schima superba Gardn. et Champ. 0.07 27 AT Eugenia uniflora Linn. 0.06
2% Camellia sinensis (L.) 0. Kize. 0.04 HH4 K Cratoxylum cochinchinense (Lour.) Bl. 0.06
LI FE R Trema tomentosa (Roxb.) Hara 0.04 KWEAE Eurya chinensisR. Br. 0.06
B4 P} Melastoma candidum D. Don 0.04 WP} Melastoma candidum D. Don 0.06
. AWM Machilus chinensis Bk Castanopsis fissa
DNSEE (Champ. ex Benth.) Hemsl. 031 YYEE ( Champ. ex Befl)th.)fRehd. et Wils. 07
FE5:2E Schefflera octophylla (Lour.) Harms 0.29 =M Evodia lepta (Spreng.) Merr. 0.08
L 4% Uvaria microcarpa Champ. ex Benth. 0.06 74t Melastoma candidumD. Don 0.21
N Ligustrum sinense Lour. 0.05
HLMA% Ficus hirta Vahl 0.04
TKMP Bh4 Rhodomyrius tomentosa (Ait.) Hassk. 0.89 FSBG W2 Camellia sinensis (L.) 0. Kize. /
B4t P} Melastoma candidum D. Don 0.11
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CMMC (1.778 mg/kg) FRUEA—/ N~ —Z B HEE (DTCC) (0.770 mg/kg) AhidgYIh s e 2 16 8 MFE
AR T 1.77—13.8 g hm™ a”' Z[H] ;Hg .Pb Zn Ni 2FEHRZH N CMMC, 7E 8 /NHEVE i & i Bk
KM 0—0.23 57.23—293.33 390.72—1722.72 32.61—76.75 g hm > a™' ; As Fl Cr 7E3 Hj He—F M5 — R ETR
(CTCC) Aifa i B e K, 76 8 ANHEYE T (1) 8 Ve R 43 30k 1.18—40.92,14.14—251.68 ¢ hm™ a™';
DTCC 7% Cu & i, Cu 7E 8 ANFEE HP Il 4 F 82.54—270.66 ¢ hm™ a™' Z [A] , HEEAGIEY) 8 Ff
4 &8 S BT =240 528 CMMC \DTCC SSLC,,

HRAE 1 49 7 42 I8 % 1 (0—60 em ) 5 5( [ VAR 35 42 J il s UEA 7 AH OG0T, B 488 Cr NI 5455 Cr,
Ni 4% 52 (P<0.01) B 3 ( P<0.05) fiAHCHN  Hr + 58 8 43 g 5 & 5 AV ) o 4 Ja il 1 34 A SR ) il A
KKK (R 8)

#6 AEAHRMNBEZHEZEVHIEEEESE/ (myke)

Table 6 The content of Heavy metal in different forest community litter in Foshan

HEYIRETE Plant community Cd Hg As Pb Cr Cu Zn Ni

DTCC 0.77 0.019 0.92 19.7 18.3 34.7 179.2 8.53
ELEC 0.29 — 0.19 9.23 2.28 14.6 63.3 5.26
CTCC 0.20 — 4.65 25.2 28.6 11.2 44.4 7.29
EMMC 0.37 0.003 0.18 8.76 3.24 14.9 74 4.99
PC 0.53 — 0.15 10.8 2.79 9.1 97.4 5.26
CMMC 1.78 0.03 3.22 37.8 10.5 27.5 222 9.89
ESPC 0.28 0.002 0.26 10.3 2.67 10.0 50.0 4.31
SSLC 0.59 0.01 0.75 21.2 18.8 20.8 92.1 7.88
47K Mean 0.60 0.01 1.29 17.87 10.9 17.85 102.8 6.68
bR Standard deviation 0.48 0.01 1.59 9.55 9.33 8.57 59.98 1.87
AR 5 44 Variable coefficient 0.80 1.05 1.23 0.53 0.86 0.48 0.58 0.28

DTCC: RUEA-/NHHEA- IR BESE (5 LAY BEl ) | Delonix regia (Boj.) Raf. - Terminalia neotaliala Capuron -Camellia sinensis (1.) O. Kize.
Communities ( Foshan Botanical Garden); ELEC: M5 2 85 -1 i A 22 AR uI AL B i ¥ ( 2=/ B SR IWl ), Euodia meliaefolia - Litsea glutinosa
(Lour.) C. B. Rob.-Elacocarpus apiculaius Mast. Communities ( Bruce Lee Paradise); CTCC: B3 HE-FHE-HM BT (= BMIG) , Castanopsis fissa
(Champ. ex Benth.) Rehd. et Wils.-Toona sinensis (A. Juss.) Roem.-Cinnamomum camphora (L.) Presl communities ( Yunyong Forest Farm) ; EMMC ;
RS AR NI RETS ( = MKIRAK) , Eucalypius urophylla S.T. Blake-Mytilaria laosensis Lec.-Machilus chinensis ( Champ. ex Benth.) Hemsl.
Communities (Sanzhou water conservation forest) ; PC. Ty RRANEVE (ZEHEILN/A R ), Pinus massoniana Lamb communities ( Taikangmoutain Park ) ;
CMMC; BFR- PRk -F 7 A S 75 ( KB LMK ), Cinnamomum burmannii (C. G. et Th. Nees) Bl.-Mallotus paniculatus (Lam.) Muell. Arg.-Michelia
macclurei Dandy communities ( Dananshan Forest Farm) ; ESPC. R M #%-Afwf-h BANFETS (JLE S MIX) , Eucalyptus urophylla S.T. Blake-Schima
superba Gardn. et Champ.-Pinus massoniana Lamb communities ( Jiudaogu Forest Area); SSLC: A fif-1L1 £ #1-fB A i A 22 T BE 7% (P ME L 2B ) |

Schima superba Gardn. et Champ.-Sapium discolor ( Champ. ex Benth.) Muell. Arg.-Litsea monopetala ( Roxb.) Pers. Communities ( Xigiaoshan Park )

RT TERMBERNEAREEYERESERELEE/ (ghm?a™")

Table 7 The amount of the litter and heavy metal circulation of per unit area in different forest communities in Foshan

DTCC 7.80 6.01 0.15 7.18 153.66 142.74 270.66 1397.76 66.53 2044.69
ELEC 6.20 1.77 — 1.18 57.23 14.14 90.52 392.46 32.61 589.91
CTCC 8.80 1.80 — 40.92 221.76 251.68 98.56 390.72 64.15 1069.59
EMMC 8.13 2.98 0.02 1.46 71.22 26.34 121.14 601.62 40.57 865.35
PC 9.07 4.82 — 1.36 97.96 25.31 82.54 883.42 47.71 1143.12
CMMC 7.76 13.80 0.23 24.99 293.33 81.48 213.40 1722.72 76.75 2426.7
ESPC 14.29 3.99 0.03 3.72 147.19 38.15 142.90 714.50 61.59 1112.07
SSLC 9.53 5.63 0.10 7.15 202.04 179.16 198.22 871.71 75.10 1545.11
F-H7KF Mean 8.95 5.10 0.07 10.99 155.55 94.88 152.24 872.61 58.13 1349.57
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*8 ITEELES=E(0—60m) SHEYESEESRHEXERE
Table 8 Correlation coefficients between the content of soil heavy metal (0—60 cm) and litter heavy metal flux
Y Cd WY Hg %W As MEW P FEW G BB G K Zn TP Ni
Litter Cd Litter Hg Litter As Litter Ph Litter Cr Litter Cu Litter Zn Litter Ni
43 Cd Soil Cd 0.015 — — — — — — —
+ 4 He Soil Hg — 0.204 — — — — — —
+3 As Soil As — — 0.033 — — — — —
44 Pb Soil Ph — — — —0.458 — — — —
43 Cr Soil Cr — — — — —0.883 ** — — —
+ 4% Cu SoilCu — — — — — 0.036 — —
43 Zn Soil Zn — — — — — — —0.202 —
1 4% Ni Soil Ni — — — — — — — —0.722*
KT, = FoR P<0.05, # * FR P<0.01.

3.3 BEEMTEYIN - E 4R B AR

ARG T A A R W SRR 25 7 3, A R A AN A B RN A 57 (R 9) o X Cd & SRR
i, CMMC .ELEC 1 PC B4 25, 709k 44.45 14.20 13.28 ,DTCC H1 CTCC &4 R s/, AUk 7.7 F
3.40; % Hg As \Ni & AU ; CMMC X} Pb & fERE I 5ok, & A R EGA 2.83 , HORHFE AW X Cr 1Y& 5
R, SSLC 5 CTCC 1Y & 4R R 1 o, w28 R 80010y 4.61 (1.58 ;CMMC \ESPC 5 SSLC *f Cu H)& S,
EEERE R 4.10.1.90 1.27; CMMC il DTCC Xt Zn A& £ W, &4 25000508 13.71 .3.94, X E 4
J& & 4 BRI (TBCF) i R AYHK YR 9 CMMC \ELEC . PC, f/NHY43 54 DTCC . ESPC .CTCC.,

R FREMBEEENHEEEEERY

Table 9 Bioconcentration factors (BCF) of Heavy metal in different forest community litter in Foshan

iglﬂgrjimunhy Cd Hg As Pb Cr Cu Zn Ni TBCF
CMMC 44.45 0.75 0.06 2.83 0.14 4.1 13.71 0.72 66.76
ELEC 14.3 — 0.01 0.07 0.03 0.83 2.68 0.19 18.11
PC 13.28 — 0.02 0.37 0.03 0.5 3.56 0.23 17.97
SSLC 9.85 0.07 0.01 0.68 4.61 1.27 0.68 0.4 17.57
EMMC 12.23 0.1 0.02 0.27 0.04 0.49 3.62 0.38 17.16
DTCC 7.7 0.24 0.11 0.72 0.45 1.24 3.94 0.52 14.9
ESPC 9.3 0.04 0.02 0.79 0.03 1.9 2.28 0.26 14.61
CTCC 3.4 — 0.44 0.37 1.58 1.14 0.84 0.33 8.09
7K Mean 14.31 0.15 0.09 0.76 0.86 1.43 3.91 0.38 21.90

4 Tig

W AR IR AR S ARG R EY), HESEAEAR, S EZEF I8, Ol # sk 5
DA Cr P8 fe i, Pb Il Ni K2, Cd il He & i fil, 8 FhARMERTE + 3 8 4 )8 (0—60 cm) 437 FRAE 45 51
T AR AR M S 2 BT 2R = A e S, BN T R T A+
B gL KU A AR ifE (I047) ) (GB36600—2018) 55 2 ML (G) , Cr,Cu | Ni 28 55 R &/, /3351, 3 #hoo
F] g AR N FZ K, EESRIE T L3RR . Pb Zn A5 R B K, BLP 5 YYFF(Pb) , XQSP
(Zn) SR R R B ot LA S (E, T RE I X SR+ 3 2 AR IR o 4 i g i, A el M5 A SR MOR TR) fE e £
AR R, H 3 AKX T3 Ay, Tl rp, T3 3 K s P Bs 20 | X ek X + 3 5 42 )@ P Zn 1]
ek [ A2 U BRI B, R4 50 iR R S S B AR e 25 Y Sl TR MR DT A PR IX - 38, 5T
W Wb LT AR AR L3 E 428 Cd \Hg As Pb.Cu.Zn 7£ 0—20 cm #5588, HAT 30 M B9 )2 & E4R1E, Cr,
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Ni 7E 40—60 em 80, AT A I Cr A Ni TT B3I A2 | BE T 32 Rk A VE T T T 7% 12 5
ZHUTAE R K,

WiigW R4 o L E S FE AR T Y R SR R EEE Y W E S AR
22 R, AL T 5 RV M0 S &R RS M E M A S SN EREE S
JEL T2 RS A R R BEE AR VR ) A Bl R S L E 4R Cd Hg . As Pb . Cu . Zn %A W B A
etk T REZ BAME N Z R R, G Ni S i B (P<0.01) 82 3 (P<0.05) faAH G, ml g2 A%
Fad R AT RS i ) A R 0 e e e SRSV A G, —SERF oY KB i T+ 39 T 4 B AR ik
FIMRESAE FHam ZUT AR R AR, RIS FRAR 198 7 4 Ja PO VE AR A v T I L R phiE 2 i, B+ 58
A HLT L A St ST R ReR = e S 0

FRMAE TS R A5 ZSAE IR 1B, AL RIS BRI B P B SR IR L I T 1A AR A5 48 R, T Al v 4 2L 1l S
B AR Y % LI 4 R SR TS, VR R A RGE B n] FRAE AL I 4 R BE T AR ES
W RBORT 1 WA AR R X I A 4 B A A AR AT BEEAE A A AN [ AR R 4%
S RIS R B R 8 AN LA FRAREEIE X € Cu Zn & AERE AR, U LA Cd BHEM N R (FERK
3.4—44.45) X} Hg As Ni (B EAEHNIARB R, SHE%E D Cd BEB 546 8 L s I EF—
FAR— I & SRS, BB 3k 66.76 44.5 X SE T X M T X AR bk v & 48 S ot asit—
o, AFMREE N T AR B A R T HAD AR MRS , AT LU — P 4 8 B SR BE 1 8o i 16 S At ik — 2
WE5T ., (RIS XT & S e 1 B B A I L0 28 S A — A A — A HE V& AT FH T Cd UNi Ml Cu S50 2% B8 X Il 2k
MRS Bl 1, AT A SRR 3 4 i I ely SR 178 A8 N 2 f il 5 4 XL

5 it

(1) A LT 30T ARAR RS - 9 o 4 i & 5 7 A [m) M R % ] 22 S 10 % (P<0.05) , 25 S e KN Pb Cr Zn,
As .Cu Ni IR ,Hg .Cd Fe/]y; L2 EXT 4R S B B 2% (P<0.05) , £ 5 & KA Cd Hg, ik~ As Cu,
/K Zn Ni Pb Cr, #/K |- Cd Hg As Pb Zn {E 0—20 cm #¢ s, Cr A1 Ni 7E 40—60 cm H i .

(2)8 Tl RIS P B — A — B & S BTSN 8 B IR 023 42 R B (TBCF, 66.76) fe i, ¥ Cd
B R I g B R BN 44.45, HXT Pb Cu Zn WAHXT &4, £55 &4 R 5 (TBCF,8.09) K 0 #
W HE— A — R , (O Cd  Cr Cu X & 4 X AR T 4 8 B E A R

(3) MHSCHE AT R IE AL S ) B S B iE 5 T EHE 4 )8 Cd Hg, As Pb,Cu . Zn & 5% A W ARG
P, 5 Cr Ni i B 2% (P<0.01) 22 (P<0.05) FAE,
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