538 %A 9 1 S &~ £ Eild Vol.38,No.9
2018 4F 5 A ACTA ECOLOGICA SINICA May,2018

DOI: 10.5846/stxb201704100617

INEIGE, R, SR, RAURE, REHERE, PTEL, ZEMLTT XIS I 2 A2 R A R R AR AN A A4, 2018,38(9) ¢
Sun X J, Chang S L, Zhang Y T, Song C C, Han Y L, Lu J J, Li X.Accumulation of heavy metals in Picea schrenkiana leaves growing on roadsides in a
mining area.Acta Ecologica Sinica,2018,38(9) .

PTXEERRAMNERZEZEHRFESEE SN

= 1 2l 1, * > ok 2 1 STk 2 2 Y2 a2
FNEW ) wRA T RERET, RoRAR, HaRE FEL & A
| BB RS RIR SRR F2 B GNAESHE W E L LR E, BEARFT 830046
2 HEEMPB B AR A ST T, BEARST 830063

FEE R 7= s i ek R 2 o PR v T 4 T T Yt A W R 7R e b R IR SE AR VA X T 00 A S VS
YRREE WIS A0 RO 4 RO SRR 38 e SR A TS ZAZ I R SR AT (Ph) VBE(Zn) R (Cd) | ﬁﬁfﬂ
(As) Hl(Cu) & (Cr) B2, 43T 4 1 s A8 A2 ] 4 SR ik . S5 2RR T (1) [ A0t v f B3 & T 4 8
255 .35 (P<0.05) MR Ph & 5 3 8 T HARE SR (P<0.05) ,F-1ik 86.28 pg/g, 13 Zn Cu il T @%i%)ﬂi‘ﬂ
PR — BRI, 177 As H:jé&ﬁﬁfﬁﬂﬁj( 41% 5 (2) LIS 5e X (B 1 ) 1 H 3R B08 = AZ I Fr 8 4 JE A AN AR, ﬁﬁ%m‘
TBIE A2 B S B LA T YR E0N 2.05, BT 5 Yy b As F Ph BATRS Yede Bde i, ik 3.65 A1 2.57, M5 X HIEE 4
LEATSYARECH 1.69, JBER TS Y 5 (3) BEFE BRI, bR - HE AT b Ph & i R R 51 M I8 A, As Al Cu bﬁ%fﬂaf‘aﬂ%}é
FEAIS, 3 rh Cr Zn BT AHNT Fop Cr B HTBRAIG, Zn ZRAEASTK; (4) TUARSMT (RDA) 855 7R +3Erh Cu As \Pb 5T 242
FEA Mg AR o SR IEARSE G R, T Cr Zn SR AR . SR Bz B0 HHEM T8 2 42 1 A K s U, A SO R IS 1E =
AN ASBE S5REBA—EMEEE.

PSS PN SRCECEE EE LN AP NI

Accumulation of heavy metals in Picea schrenkiana leaves growing on roadsides in
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Abstract: Mining and the transportation of its products can contaminate the environment with heavy metals, which can
accumulate in organisms. Pollution caused by these effects in Ewirgol, China, was described quantitatively, and the
accumulation of heavy metals absorbed by the leaves of Picea schrenkiana, a dominant tree species in the Tianshan District,
was investigated. Leaf and soil samples were collected from the roadside in Ewirgol mining area, within a vertical distance of
0—500 m to measure the As, Cd, Cr, Cu, Pb, and Zn contents. Thus, the enrichment effect and spatial differentiation
characteristics of heavy metals were analyzed. The results showed that the heavy metal contents of soils and P. schrenkiana
leaves varied significantly (P<0.05) ; Pb content in leaves, with an average value of 86.28 wg/g, was significantly higher
than that of other heavy metals ( P<0.05). Cu and Zn contents exceeded the first level in the Environmental Quality

Standard for soils, and As was 41% higher than the third level. Furthermore, heavy metals in soils and P. schrenkiana
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leaves in Bangfanggou, approximately 50 km south of Uriimqi, were referred to as the criteria evaluating pollution. The
comprehensive pollution index of heavy metals in leaves was 2.05, which indicated moderate pollution, and the single
pollution indexes for As and Pb were higher at 3.65 and 2.57, respectively. The soil pollution index was 1.69, indicating
light pollution. As the distance from the road increased, Pb content in soil and leaves decreased along a negative linear
gradient; the contents of both As and Cu first increased then decreased. Soil Cr and Zn contents increased gradually with
increased distance from the road, but Cr content in leaves gradually decreased, while that of Zn remained stable. Lastly,
redundancy analysis showed that soil As, Cu, and Pb were positively correlated with diameter at breast height and height of
dry wood, with negative correlations for Cr and Zn. Therefore, soils and P. schrenkiana trees in the study area were affected

by the transportation of mining products, and ecological restoration and conservation in this area is critical.
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SEAE IR TR LA P L (44°11'—44°39'N, 82°15'—82°57'E) , R, &K 2 70 km 73
Yi 500 m, Ja il AR AU P02 el 22 AR AR, AUl — ) A B B R O - 30.2 °C B\
A B mieh 30.5 C L AESSIRZA K 2—3 °C, =10 CRE K 1170.5 C, 4EMBKE 120—180 mm,
MZEE P TE 6—8 J] , 4F 28 K & 2000—3000 mm , /K SEtit/N T2k i AR ET AR GNRTELD, 4F
RIXFEBEL TG A2t I MG B SR T BIREAR £ ZH )T ( Cotoneaster melanocarpus) /NS ( Berberis
heteropoda) 3% 1% ( Rosa spinosissima ) . 45 %% % ( Spiraea hypericifolia)) . 77 8 ¥4 ( Juniperus pseudosabina) 124
( Lonicera hispida) 55 , PR HEANY) F A ZEE ( Geranium rotundifolium) I AK KL (Alchemilla tianschanica)
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Fig.1 The map of sampling points
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Table 1 Measurement method and reference standard of heavy metal in picea schrenkiana leaves and soil

KNI H Test items 58 77 ¥: Measurement method Z: IR E Reference standard
EliFN A Ph A1 B IP T RROE T GB/T5009.12—1996
P.schrenkiana leaves Cu.Zn IR - AR GB7887—87
Cd.Cr AR R IO RE I b 2 A A A L 5 43 124
As FRER GB/T5009.11—1996
43 Soil As R ERE T RO GB/T17134—1997
Cu.Zn KBTS A3 e vk GB/T17138—1997
Pb.Cd KI-MIBK Z B A JEF MR 431 e vk GB/T17140—1997
Cr KM WA O R GB/T17137—1997

A T AR R
CS

p = 2
= (2)

2

(P,) +[2max(Pi)] (3)
K, PO TS Yot 85, B o ZE 4B TR PE AR, A SCR R S X (M B i Mg R ILRMAE S R S e
PR3 (4 T TR 1L ) B 508 = A2 0 e A 40 4 8 O I SEIUE R PR AR IfE . P MZE RIS IR ER, Y P <
0.7 F/RIHE ,0.7<P,, < 1.0 FoR M, 1.0<P,, <2.0 FRRETGY ,2.0<P,, <3.0 R PTG Y, P, >3.0 &
INHLEET YL

AICE T Excel 2013 iHEFIE A2 5 Fl - & 48 & N EA SIS, KA R 25 Cv) Abs
E 2R LA, 24 CV<0.1 B, BB BEAS 5 24 0.1<CV<1 I JBhEEAR S Y CV>1 I, JB B AR S, Il ]
SPSS 17.0 H175 224387 (one-way ANOVA) FIZ E L (LSD) J7 ik, M 15 YL I AN [ BE 28 i 5 08 = A2 0t
TR E SR SRR, IR Origin 9.0 474 & b FHAEL M mH 3 X 48 & S s il
HE REL(RY) FRUEIRZE (SEE) B /IN K [l ARG 56 55 2 7K S-Sk 16 B AR BT A Y 5 38 30 Canoco 4.5 44+
ARSI HT(DCA) S5 RIERETCAR /T (RDA) 3T F IS m 20 i B 4R & i U IE S L B4R
THMER,

P%:

2 HERAW

2.1 HW MR IEE S SR G
211 HIEhESE SR &GN

e R R S AR N 2 TR, Ho Zn S RHRRS, b T 82.21—149.55 pe/g Z 1A, TFHIE N
128.04 pg/g, BT K BT ARE R — BB HIE . FHKOZ Cr As Fl Cu, FIEST 50 47.13 42.61 pe/g F
43.17 pg/g, H Co B3 T E K 5 AR ) — R HIME , As IR 3R RARE R = R HIE X 41%, +
Herp Ph SR/, KRR 23.12 pg/g, /MUK 12.01 pg/g. HIEHH Cu 2857 RECH 0.096 , 48 SR BN,
HAx 4 PB4 B R RZBALT 0.11—0.25 Z (8], AR S,

DI 5 VA MR T S A PPN A, 38 Ph R As IO BAI0T5 YL g8 B K, 40 3o 2.21 Fi12.97, )@ b TS
Yo, HURIE HHE Cu, FHYARECN 1,72, RIIBIGE X 52 3 3 Cu MREETS Y, HHE Cr B Zn 75 Y48 5080/, 4
B SIX A 67% M1 62% HJE T 51X 145 Zn &5 RIA 204.85 pe/g, OB K H 1 T i — 2 PRI {E (100
ne/g) (AR R IRHIE , BT IX LA 885 Y8 800 1.69, IR B ET5
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Table 2 Statistical description of heavy metals in soil

B Parameter Pb Cr Cu Zn As
K AE Maximum 23.12 57.21 54.97 149.55 55.15
/M Minimum 12.01 21.5 39.94 82.21 33.05
FHIE Mean 15.95 43.17 47.13 128.04 42.61
Fr#fE2% Standard deviation 2.8 10.92 4.52 16.51 4.72
A5 5 2B Coefficient of Variation 0.18 0.25 0.09 0.13 0.11
| % - e o e b —% 35 90 35 100 15
Chinese environmental quality = 350 350 100 300 20
standard for soil =4 500 400 400 500 30
& {H Background value 7.03 63.77 27.33 204.86 14.32
75 Y385 Pollution index 2.21 0.67 1.72 0.62 2.97
L5415 Y80 Comprehensive pollution index 1.69

21.2 FWEZEM SR & TS YT

I F e R 4 A i AR AR N FE 3 R, HirR Ph Ml Zn BOS EECE  SEME 2 B K 86.28 we/g T 31.31
pe/g. HUUE Cr, P& TR 11.24 pe/g, SCHE RN 17%, Cu As Fl Cd & /N, K& 05k T 0—
3.0.11—0.4 pg/g Al 0.5—2.77 pg/g ZMH, [ DA 1 6 FhE S E T, Co JEEE AR Kl b

=
LIF o

6 FE 4@ 175 Yt g, As oK (B R 3.65, JR TS Yy HORJE: Ph, ¥ME R 2,57, B BE TG 44 ; Cd A
Zn BTG YR BN, Aok 1.21 F1.63, @R TG Y, Cr W75 Jed /N, BIME - 0.17, B JEi5 4L,
MR Ca ST SER O, MIAFZE X Cu & SEIH 0.6 ne/g, RFC ZH]—E BN Cui5He, %
BI5RARBOH 2.05, VLA R 1% ShRHZH X Bl A28 0l T h R HE 4 R IS5 e,

#3 BWREEHRPESEAEMANMEE HENERLITSH
Table 3 Statistical description of heavy metals in P. schrenkiana leaves and DBH, height of dead P. schrenkiana

N Tl 2 R SR

ZH Heavy metals in P. schrenkiana leaves/ ( ng/g) Dead P. schrenkiana

Parameter - -
Pb Cu Cr Zn As Cd M4/ cm 7/ m

KA Maximum 108.42 2.00 30.22 41.63 0.40 2.77 53 21.5

#z/IME Minimum 50.21 0.00 4.20 17.88 0.11 0.50 7.9 3.4

F-H4{H Mean 86.28 0.60 11.24 31.31 0.21 1.41 24.15 11.7

FrifEZ Standard deviation 15.36 0.59 7.89 6.87 0.08 0.58 10.98 4.28

AR 5 ZHU Coefficient of Variation 0.18 0.98 0.70 0.22 0.38 0.41 0.45 0.37

3t {E Background value 33.57 0 65.97 19.17 0.06 1.17

V5948 % Pollution index 2.57 0.17 1.63 3.65 1.21

LTS YLFEH

AT IR 2.05

Comprehensive pollution index

22 TS ZEAZI R 4 s ] 43 B R
2.2.1 T A2 R A e b E e A 25 8] A R R

T A2 R R < e R S AL N AT 2 R 4 B AE 50—500 m JEE Y, i
Zn Fr BEBENTETE B E A (P>0.05)  (LEK S BUE EFHE T REIEA, Ph SRS y=-0.050+97.898 (1Y
RIS BV RTINS, Cu I As SHIBSAT A UM, Je R E 100 m S EIBR IR BE T
W (P<0.05) . Cr BASEE OB, B 50 m 3 KT HABE B S (P<0.05) , HAIE B ] 0 . %25 & (P>
0.05)
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FFIE % 0—500 m yE PN, bl A B B3 K, 58 Ph Al Cu S E TG E (P>0.05) 284k, Cr.Zn S5HEEFF
G WG Fe R B R K (P<0.05) , Rl 5 2218 T F%, 76 500 m B SCA BRI, T As Bl BE 2500 2 y =
3.903x1077x° +0.042x+44.414 57 e b IH G B35 N (P<0.05)
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Fig.2 Along with the change of distance the content of Heavy metals in the P. schrenkiana leaves and soil
Fep L Cd AR T A MR, /NG PRy a b o FRFW DR PR LIRS B a2, TR R FROR 2 R AR B, T
AR P<0. 05 K0 i 3 25 5

x4 SRECHANIEFESESESEENEIESH/ (ny/s)

Table 4 Regression analysis of heavy metal content and distance in P. schrenkiana leaves and soil

T4 )@ Heavy metal [E] 9455 7Y Regression model R? SEE F P
R AN Ph y=-0.05x+97.898 0.296 13.37 5.475 0.036
P. schrenkiana leaves Cu y =1.349x107°x*-0.009x+1.636 0.468 0.464 5.282 0.023
Cr y =1076.49x7" +2.51 0.858 3.087 78.357 <0.001
Zn y =9.395x1077x°+0.083x+31.12 0.269 6.629 1.348 0.309
As y =1.76x1078%° - 1.33x107°x?+0.002x+0.19 0.566 0.255 16.954 0.001
Cd y =1.67x10774+0.029x+0.197 0.407 0.505 2.515 0.112
13 Soil Pb y ==-0.006x+17.085 0.136 2.683 2.519 0.132
Cu y ==1.149%x107°x20.008x+48.815 0.12 4.513 1.026 0.318
Cr y =2.021x107%x%-0.0024 +0.412+22.472 0.93 3.192 61.667 <0.001
7n y =3.138x107%%° -0.003% +0.595x+102.77 0.609 11.38 7.268 0.004
As y =3.903x1077x3+0.042x+44.414 0.559 3.451 5.926 0.008

222 T ER T AR 00 R0
Tl ZNE S TR R BT R ECAN 3 BT U H % - 6T 4 B R, B S SRR/
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S5 LB DX B O 5 0 A2 I R < R AR

FF o8 Pb>Cr>Zn>Cu>As, EHit % Ph &4 R 500
FrRTHAESE(P<0.05) ,¥{EH K 5.79, LI XF
Pb ARG E LR PR B M T RS EE, M
=M BT Cu.As Cr.Zn HIE & ZEE /N, FHE
BT 1 e H R As,fUH 0.0052,
2.3 [ K EEE S B MR A BERRE (gt

PR ) 5 4R A AR e

PLICA AT (RDA) 773543 SR T i FIZE AR A 3
FIES b ESE S EZ MR, Kb, H5hE
S JE XTI R R 25 RN 4 A HEF R R 4
J& ) RAH R 71.6% , W] i B 99.8% By M- Fr -1 1
LB Z A B AR e PE . RDA HEJF (045 — | iy AF
B4 510 0.478 F1 0.128 , f Be T Frh 4 @ & A
114 60.6% , RDA ZZEHEF E 4N 4a fir 7, 118 As i
Cu 555 — A Bom M AH G, - 50 R Y Zn Cu Cr

GES3

Enrichment factor
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7
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3 BREEMHANEESRTENEERY

Fig.3 The enrichment coefficient of heavy metal in P.

RIEMRCR B g L3 Pb Cr Zn AZSALHN, BEE 13 Pb Cr Zn S REEGHEIN, 0T Ao Cd AP 5 4
TR, T As Xt B A o i AR A R TTER R O, 1k BB B E K (P<0.01,% 5)
3 P T G Jm S SRR A B B R 45 R R BN, BT 2 A HER B0 0 5 A2 SE A AT 1 R B R A

79.1% , " i BE 100% FERT -+ 3 f 4 @ Z R AH G . RDA —4EHEF & 4n 4b JiF

—

e

RS AEE A 0.698

FAE 3 Cu B4k, BEHS 360, U AY B A8 RS 2 i ke R, 58 AR AE(E M 0.093, 5 1 4R
SRR, 1IE Pb A As SEM A B 42 AT IEAR G 1 38 Cr A1 Zn S50 B4 A2 R g 24 5 6 A0
K, HIHE Cu XFTIS = AZFER A BURFE B9 DTk K, iR BIM i 3 7K (P<0.01,£ 5) .

1.0 1.0
a PCd 2
5 P‘b S Zn
3 A
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SCr ‘\‘
AL P As ) SCr
LU ] DBH /4 S 7n
. pSCu SAsI=
ﬁ‘ﬁ As || T
b zn P CU PCr P
SCu
-0.5 06 u
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B4 ZFWRREZHE(a) SWRREZEMERREE(b) SLEESERN RDA 2T —4HHFE

Fig.4 Two dimensional RDA ordination diagram of heavy metals in the P. schrenkiana leaves (a) and The characteristic of dead P.

schrenkiana (b) with soil

S: 3T 48 , heavy metal of soil ;P HIE A2 EH 42 )& , heavy metal of P. schrenkiana ; DBH ; LA )73 , the diameter at breast height of dead P.
schrenkiana , H : JERB 57, the height of dead P. schrenkiana ; 8k BHER 3l 2 0] B2 f1 R T8 = A2 R/ S04 A BURRAIE -5 30 555 R B HE T B
ZIAAHICHE A TE B, /N 90° g IEAHDG , 55 F 90°, JoAHICHE , KT 90° g S AHG s 25 i Sk 2k B 7EHE T 4l RN 5) — i Sk R B BB R 4R 1 i #5

FOR A Z ISR RN BEE AR, S b
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Table 5 The Contribution rate and T test of heavy metals in soil to ordination

TR ZIZH A EHE - EE )R FERS - 1 )
w4)B P. schrenkiana leaves heavy metal-soil heavy metal The characteristic of dead P. schrenkiana tree- soil heavy metal
Heavy metal FifhR ik
' Contﬁlj;tiﬁfiate/ % F P Contri}ju‘t;ﬁfiate/ % F P
Pb 19.4 2.162 0.194 8.3 0.815 0.372
Cu 5.8 0.55 0.678 36.3 5.129 0.042
Cr 14 1.468 0.252 2.8 0.257 0.73
Zn 7.2 0.695 0.574 8.9 0.882 0.42
As 45.9 7.622 0.002 3.4 0.32 0.69

3 it 54£R

31 g
311 EHERIAE X TFIE A2 R 3 T 4 R A SR BE T

KOG MBI EE AR R G AR S e R RGN EE e G 4
JEIR BB S 2 S EGE B A R 4 i A A ™ B RIS, LA R K FIE A0 A
4 As Pb E &8, IR TS YK DL B — )k B A Ph & & B EUR AR ERAHE
W2 As FriE EEOR AW AR KA SR Ph I As £ E R B 5 AR YR R0 1Y 0k
UK 85 7, E R K 5 T

5T X8 B P 508 = A2 Fr oy TS Y, RNV Y i 0T o R B A - M T iy IO R ™
FER K iz i vy R 0% 5 4 J — 8 2 Bt R A 10 1% 1 ] FRUAFL 0 R 38 | | BEK SR W R 1) A% e SRR A
Py F e T R4 U B RS B T S R T Rl i, B m R E SR
15 AR BB RERAE LRI X H 4 g V5 YR L
312 F[WaEM A ESEN S ES

) o) B 4 Ja () WA B R I T 1 Bt A% R DR B R 9 A0 B A T A 5 4 45 3k A J2 1o I 9 A
Wyt 4 R V5 Y A O A R A ML B R A R

B Bk ZAh AN [ER B DL RO R XA S AR s R AR e TS 25 5%, AR I
I F RN Ph B &4 R B0GK 5.79 4, HARTIAE T 0.005—0.26 [8], 55 [ S0 %578 74 42 38 6 6 0 ) 2 A2 4]
Lo, HE A2 A X 48 0 & AR AR T 0 (I T X TR A R g sk Ak Fp 7 — R T
R L L oK R R A 2D 2% R S B SR ZE SR04 ) T E A A R, I H A A v A T i R R 5 R
A BTG YRR A G TR X 4 S 1 G A vy i A % T Ay T 5 g — ) T, o ) 25 S ALY ' S L R
MAAR A , AN TRV PRl P 4 S8 Wt o SRR ], B B4 R B AL ] WIS A2 0 H % Ph A TR #4508
XF Ph SRR B X T AR B 4 T SR R/ W AT 174 36 30 X 58

- HERBRALE T | T 4 AR B R AS 45 F At S R R o T 4 A i T ke R e
4R M58 HAEFRFE SR R 3T B4 R M E £ . RDA 4 HE 7 E 87K, £38 Ph Cu Zn 5HE =2
571 Ph Cd 2[RI ELA B0k A AR DG , T H1E Cr As 5SFWE A0 A Cr Cu Zn ARG IEHH G E R,
RNT[EmZM RXTES BRI EAESEN ., BT h i dE S8 s N Rk A e — 0
30T .
3.1.3 [kt B M3 E 4R 028 B AR IE

4 TS 2 W RHASORE A i N R XU A R R S, i A gD Ph S S R B 2 R
R R, 5 A RCCEE A IR, FE T 5 YL DR B , BE R B3, RO B AR S BTN Y
PO A TARAE T2 P IR I BURDRAR BN RIS B it A K, Mk S S E 8 =20 Ao Ph %
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