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Enrichment law of atmospheric dustfall heavy metal pollution by different types

of biocrusts in mining areas and its influencing factors
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Abstract: Atmospheric dust fall is the main source of soil heavy metals in mining area. Biocrusts have a significant
enrichment effect on heavy metal. In order to explore enrichment laws of how biocrust at different succession stages capture
and concentrate heavy metals from atmospheric dust fall and its influencing factors, biocrusts wide-spread area around
typically thermal power station in Ningdong Energy Industrial Base were taken as experimental site, three types of biocrusts
were selected as study objects, and bare soils nearby were set as control. Based on the comparison analysis of changes of soil
physicochemical properties, enzyme activities and heavy metal contents during the process of the enrichment of atmospheric

dust fall by biocrusts, the relationship between heavy metal contents and soil physicochemical properties, enzyme activities
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of biocrustal layer ( A horizon) and subsoil ( B horizon) were analyzed by using the methods of correlation analysis,
redundancy analysis and variance partitioning analysis. The results indicated that, flue gas was the main source of
atmospheric dust fall heavy metal pollution, the involved heavy metal elements including Cd, Cr, Hg, Pb, Zn, As.
Biocrusts had significant enrichment effect on heavy metal elements derived from atmospheric dust fall, and demonstrated a
totally consistent law among biocrusts of different types as followed Moss crust > Mixed crust > Algal crust. The
comprehensive pollution index indicated that biocrusts had a certain surface enrichment effect on heavy metals, which
demonstrated as A horizon had a higher pollution level than that of B horizon. Compared with control, the three types of
biocrusts all could enrich atmospheric dust fall and increase the nutrient, fine particles and improve its soil textures of A
and B horizons. Variation partitioning results indicated that soil chemical properties were the single environmental variables
of the highest degree of explanation influencing the heavy metals content. Redundancy and correlation analysis showed that
soil organic matter, electrical conductivity, enzymatic activity, bulk density were the main environmental factors that

influenced the heavy metals content in A, B horizons of different biocrusts.

Key Words: atmospheric dust fall; biocrust; soil physicochemical properties; heavy metal ; particle size distribution
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JE AR K PSR AE B 25 5 S R AVE R A8 4k, NI B 25 52 T - 38 i B AL R b AP e — e 2
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Table 1 Basic condition of biocrusts in study area

AW e A JE B DL Fi
Biocrust types Thickness/mm Coverage/ % Dominant species
ZE 3.08+0.34 82 FLEH OS5 ( Microcolus vaginatus) 73R ( Nostoc commune Vauch) | Fa 3k F1E 3
Algal crust T ( Navicula cryptocephala)
RASE K At . L
. 4.53+0.47 74 R (Nostoc commune Vauch) | 1553 % #% ( Didymodon vinealis )
Mixed crust
BELEH 72340.58 36 FLEE ( Bryum argenteum Hedw ) . + 4 XT 5 #E ( Didymodon vinealis ) | 1 #E
Moss crust e ( Pterygoneurum subsessile) NES) {}ﬁ%ﬁ%’i( Crossidium crassinerve )

1.3 FESIE Tk

AL A B R R PR AR EEUA e R pH B SR AN E A S IR B (e
R o A B J2 - HEZ T A E SR IR 5 35 o0 R TR Bk AR JT 3k - St 6 PR T 52 2 BEOGA B Y
B JURTE R FH A B A - TR SR BN e (23 s BREM IR T 3, 5- RS /K M IR Fb 00325 s Bl i R itk FH R R K — 4 LE
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YRR PIBEE IK 1.28 g/m”, b 51K T 80 70 5 2 9 [X
BOHRRE) 09 XU E 3.22 o/m* B 5 T

60

451

30 |

3 H UREE A
Average dust flux/(g/m?)

AR X B H U 0.39 ¢/m? ™ R T oL .. . ... . .. .
v s e 1 2 3 4 5 6 7 8 9 10 11 12
WA AR PN A A R 1, 28 S P 2 R A e o 4R 514 Month
Ffam A 76% . 2 WEARTI H AT I gT 25 1 ) & B, 0F
1 2019 EFAREKSELEHANMEEE

FE KA YL KA 2 b - S 4 2 AR AR,
FEHAE o RHA SR A S AR ik
FELL AL, D1 W) 1) — S BRI S P S AT B 4 JR G W Ag Hg .Cr . Pb .Cd \Mn  As il Cu 5%,

2.2 WSS A B2 HEE SR & LS YR TN

WA A B2 RAEE BEMESE ST ENS R (£ 2) "TLUE R, EYES  KRA R E
&R B WA E R KRR SA JZSB ESHt, (AR TAES BT R AR TEL TR R A2
S WSS TS E AR A R AR B — e B RN 22 et B A W E X He Cd TG R B & AR 8
B 1% Ph As Cr Fll Zn TTRINEEK L . KR EHE TR AR R AW 45 Kz [RIW A —BUE R & £
H . TB>HB>ZB; [Ali] , AN A AEMEE X & U R R R AR 22 5 RIUNEELE 2 A 2 E LR Cd & itk
B A A Z Cd TEY 1.46 %5, E PR ER I Z AT LUE e RA SRS 2 A R B 2 R
H4JE Pb.Cd . Zn 25 83 (P<0.05)

DL B 3 4 O e S A IR AR o X AE 2SR A B 2 R MR B A A R TS Y
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Fig.1 Monthly average dust flux in study area in 2019
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Table 2 Comparison of Heavy metal contents among different biocrusts

R +Jz Hg/ Pb / As / Cd / Cr/ Zn /
Samples Soil layers (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
HELE R A 0.08+0.01Aa  16.20+0.32Ab  13.19£0.31Aa  0.28+0.02Aab  52.73+1.96Aa  39.51x0.97Ab
Algal crust B 0.07£0.01Aa  13.33+0.68Ba  12.80+0.41Aa  0.13+0.02Ba  52.57+2.07Aa  32.09+0.71Ba
TRAE S A 0.08+0.08Aa  18.78+0.12Ac  15.95+1.53Aa 0.33x0.01Ab  56.94x2.70Aa  41.26+0.22Ab
Mixed crust B 0.08+£0.01Aa  13.24+0.33Ba  14.50+1.38Aa 0.13x0.01Ba  53.63+2.0Aa 31.76+0.84Ba
HELE A 0.10£0.01Aab 19.64+1.37Ac  16.63+3.11Aa  0.4120.08Ab  57.06+3.01Aa  44.41+2.16Ac
Moss crust B 0.09+£0.01Ab  13.18+0.19Ba  14.78+3.57Aa  0.14+0.01Ba  52.94+0.97Aa  32.31+0.42Ba
Xof H A 0.07£0.01Aa  13.43+0.05Aa 11.77£0.67Aa  0.14+0.01Aa  52.14+0.56Aa  32.76+0.66Aa
Control B 0.07£0.00Aa  12.68+0.05Aa 11.93£0.30Aa  0.10+0.00Aa  48.90+0.17Aa  31.05+0.16Aa
KA MR Dustfall 0.15£0.02b  40.61+4.76d  25.31£0.99b  4.61+1.16c  164.62+11.72b  122.96+10.16d
T A e R
Soil background values in 0.021 20.60 11.90 0.112 60.00 58.80

Ningxia region! %]

AR KR, BE: BTFHE, RABAERS4 KT A BMES ST ARIKE 8RR F— 88 A Y4 R T + 2 W 22 57 8 2 (P<O.
05) ; RE/NE 1 FRoR Al — £ )2 AN R 28R A= 9 45 Bz (8] 25 5+ 8.3 ( P<0.05)

R3 EYVERABELIRESESHEY
Table 3 Pollution indices of heavy metals in A, B horizons of biocrusts
Gt

Comprehensive

Gt S MR

Comprehensive

AR5 488X CSingle pollution

Fdh = index pollution index ecological risk index
Samples Soil layers —

Hg Pb As Cd Cr Zn 14 ke I e

R
W K A 3.61 0.79 111 2.51 0.88 0.67 279 HEEYE 236.96 g
Algal crust B 3.42 0.65 1.07 1.17 0.88 0.55 259 WEY 188.19 g
RIS A 377 0.91 1.34 2.92 0.95 0.70 294 RS 258.99 s
Mixed crust B 372 0.64 1.22 1.13 0.89 0.54 2.80  HEGY 200.21 i
BELE R A 4.54 0.95 1.40 3.65 0.95 0.76 352 EEEY 31238 [
Moss crust B 439 0.64 1.24 1.22 0.88 0.55 327 EEWERE 22997 i
X H A 3.18 0.65 0.99 1.21 0.87 0.56 242 hEEYE 17895 g
Control B 3.40 0.62 1.00 0.94 0.82 0.53 255 hEREYE 179.35 g
KA R Dustfall 7.27 1.97 2.13 41.16 2.74 2.09 29.89  EEGY 1564.32 G
A B A B R M A R A BTAS AR Wk b g T AR AR A B R

B HA R (£ ), wﬁ@%i% H R ) He VR A BRIl OB AR 4E 2 A B2, 16 A )2,
K22 rh Y He  As (Cr 20515 148 1Y As (Cd \Pb B IEASC; 1 B 2 148 He SR Cr W38 IEAHXE ; 10
WX S0 2R 2 ) A B A O R HORIR W RE—3, RS HM 4R T R & i 5 KRR A ) SCI P A X
55 (R BBV AR (EAS G T
2.3 RAFEDX YLK A B 2GR
231 RAFEAXT M B A5

KA RN R VIR AR, B4 SR 25t AR ek i A B J2 B3 A s, iR R
FRLEE 2 R s e DIRRE RS RAS . R 5 AT LA, RABEARDIURREEA A JZIf 10 FER , MUE T B )21
MU B S A5 T, KA 2R BRI A A 2 LUK L AR AV R (R 5) s SRR A ZIHURAL AR HE, =2
PSR A JZ T ERRL BRI AR A0 T o e Y R R R AR B S A AR R AR R B2 b, =
AL K FRL S A A 2 ) B 2B I B AR S AR, SRR A E AR LG, B TR AR FrEE
ghily A ARG, HrP #8485 i 45 8 (1.05 g/em’ ) Tl LA oA AT A 2 K B )2 13

AR ]
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Table 4 Correlation analysis of heavy metal content in A, B horizons of biocrusts with dust fall
Wb #4438 heavy metals in atmospheric dust fall
Hg Pb As Cd Cr Zn
AE Hg 0.527 -0.396 0.374 -0.296 0.459 -0.137
Biocrustal layer Pb 0.417 -0.233 0.333 -0.300 0.617" -0.350
As 0.617" 0.133 0.133 -0.417 0.283 -0.483
Cd 0.516 -0.470 0.738 " -0.603 0.524 -0.374
Cr 0.525 -0.015 0.420 -0.480 0.304 -0.304
Zn 0.476 -0.610 0.641 -0.460 0.572 -0.267
BJZ Hg 0.861 " -0.576 0.243 0.394 0.815"* 0.361
Subsoil (0—5 ¢m) Pb -0.154 0.189 -0.457 0.018 -0.322 0.185
As 0.017 0.433 -0.200 -0.617 -0.283 -0.717"
Cd 0.097 -0.146 -0.02 -0.189 -0.053 0.104
Cr -0.119 0.045 -0.035 0.123 -0.050 0.315
Zn 0.094 -0.245 0.397 -0.245 -0.013 0.185
# P<0.05; * % P<0.01; * % % P<0.001
R5 EWMER ABELEYERR
Table 5 Soil physical chemical properties of A, B horizons of biocrusts
BE R AE A TR AT /& Volume percentage of soil particle size/%
Sample Soil layer 11K demsiy/ Hike ki Bk Mk L ilZ 0
(g/em”) Clay Silt Very fine sand Fine sand Middle sand Coarse sand
WL A 1.12£0.05 Ab ~ 7.82+0.70Ab  47.30£1.47Ac 23.24£0.41Aa 17.83£0.67Ab  3.19+0.40Ab 1.11£0.62
Algal crust B 1.27£0.01 Aa 5.77+0.08Ba  47.23+2.02Aa  26.75+0.65Aa 19.73+1.47Aa  0.53+0.03Ba 0
TRAS R A 1.10£0.03 Ab  4.96+0.09Ac  48.47+0.27Ac  26.40+0.61Aab 18.48+0.20Ab  1.65£0.37Ac 0.17£0.01
Mixed crust B 1.33£0.03 Ba  4.42+0.09Aa  43.13+0.62Aab 29.34+0.26Aa 22.70+0.46Ba  0.41+0.10Aa 0
BEES R A 1.05£0.01 Ab  3.97+0.11Aac  46.98+0.23Ac  28.10+0.25Ab  20.05+0.25Abe  0.90+0.20Ac 0
Moss crust B 1.18+0.04 Ab  5.50£0.46Aa  41.31+0.40Ab 29.22+1.22Aa 23.20+0.39Aa  0.76+0.22Aa 0
X B A 1.26+0.02Aa  2.21+0.04Aa  17.86+0.09Aa 24.28+0.12Aa 47.00£0.20Aa  8.65+0.17Aa 0
Control B 1.31+0.06Aa  OBb 1.77£0.18Bc  28.10+1.36Aa  59.77+0.73Bb  10.31+1.22Bb 0.06+0.04
KA Dustfall — 338:0.21a  41.23x0.99b  25.31x1.70a  18.46x2.67a  6.28+0.94a —

2.3.2  KARRDXAL AR B 7 0

HiZ 6 TTLIA T, SRRLARLL, 3 R A FEELE 2 A 2 AP 25 2l HRU  H A R
RN, FerPEELh i A JZHAHUBURITR S & s A HLBT HR A & 1 Bl 2R A J2 Y 7.26
7.29 F14.91 7%, FNZRIFZIITEAREM WSS B A B R A T 22 5 3 (P<0.05) o BELSHZ A JRIY
AP AR A RARE A 5 o T AR AR S B A JZ 53 Rl AEWIAE B2 A J2 9 S RIS A7 AE I 25 5
(P<0.05) . 3 FAMZE 2 A JRIHL TR A HLST 2R 2 SE AR AR & i 4w T B )2, 1 pH 2.
FANT B, SIS A JEX IR BRI B0 A R ISR S T B2,
2.3.3  RARRAX G M 5 1)

HiZ 7 WTLUE T, 3 RAEYEEEE A B 2 IR ERE P22 57 0.3 (P<0.05) , HIRI N A ZEHEE S % = B
JZ . BELEEC A R0 A4 BIEHEME BB R TSR A R (P<0.05) , MR, B TRAERIEELS R A R id
PO Tl P A R Tt IR Rl FRE TR A MR U o, 8 5 B A T2 R Ve A, TR 3o 410 S | R
FIRPERE R BEE E 3E#R 1 A 219 13.02.2.50 ,2.24 1 1.72 %,
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Table 6 Soil chemical properties of A, B horizons of biocrusts

G AT ) B HAA HRE

A +2 Electrical Soil organic Total Total Available n Available
Samples Soil layers ol conductivity/ matter/ nirogen/  phosphorus/ itrogen/ phosphorus/

(nS/em) (g/ke) (g/kg) (g/kg) (mg/kg) (mg/kg)
i A 835001 Aa 152955266 Ab  2542:020Ab  130:006Ab  054x005Ab  473.89£4971Ah  3.19£0.56Ab
Algal crust B 8724002 Ba 12670381 Ba  670£151Ba  080:006Ba  046:0024a  11393:2397Ba  2.85+031Aa
RS A 837003 Aa  20247+59Ac  27.28+386Ab  142:010Ab  058:0.024b  617.00£1532 Ab  3.77£0.52Ab
Mixed crust B 899:001Bb  10333£342Ba  7.85:004Ba  082:003Ba  047+001Ba  141.16:12.54Bab  2.0420.16Aa
(213 A 822009 Aa  23072:1047Ad  4080+7.16Ac  189+021Ac  0.79+00IAc  795.10£20565 Ab  6.09:047Ac
Moss crust B 883£0.00 Bab 11698+6.02Ba  828:040Ba  095:005Ba  051:005Ba  19577£19.07Bb  321+091Ba
bayi A 842:049Aa 1136012540 562£035Aa  066:003Aa  044:0024a  109.13£27.27Aa  1.240.20Aa
Control B 907+007Bb  14.72+1234Ba  6.16:0.534a  055:001Aa  034:001Aa  9397£36.76Ba  0.630.15Ab

RT EWEE ABETEREERHE

Table 7 Soil enzyme activity characteristics of A, B horizons of biocrusts

s ; A 56 R S 1 ; g
. A A A IR BRI
=T + )2 o Alkaline phosphatase o o
. Catalase activity/ .. Urease activity/ Sucrase activity/
Samples Soil layers T activity/ ot et
(mgg™ h™") -1 -1 (mgg™ h™") (mgg™ h™")
(mgg™ h™)
W A 3.97£0.12Aa 5.39+0.10Aa 4.60+0.32Aa 11.71£1.11Ab
Algal crust B 2.93+0.14Ba 4.19+0.30Ba 3.05+0.22Ba 5.74+0.87Ba
AR A 5.64+0.13Ab 5.35+0.07Aa 7.43+0.22Ab 14.67+0.48 Abc
Mixed crust B 3.36+0.11Ba 4.91+0.15Aa 3.42+0.11Ba 5.65+2.06Ba
BESE 1 A 5.95+0.02Ab 8.15+0.10Ab 7.77+0.47Ab 16.01+3.09Ac¢
Moss crust B 3.52+0.48Ba 4.71+0.11Ba 3.86+0.18Ba 6.36+0.32Ba
papitst A 2.38+0.08Aa 4.74+0.14Aa 3.47+£0.37Aa 1.23£0.12Aa
Control B 2.27+0.16Aa 3.37+0.35Ba 4.29+0.24Ba 1.11£0.25Aa

2.4 BIEE SR S AR A RS M AR DG B TR b

M3 8 AIHL A4 2 A B R 6 ME AR TR SAEMMAAHCKER  H  He Pb Zn 545 E 2 B E N
e, PNEM RIMEBRSHFHEEEEF AKX, H4E He SRR B IEME; T4 )8 Pb.Cd . Zn PN
EFD RISk ki 5t k2 TE ARG, 5 iR 2 I 2 6AH OG5 As \Cd SART B R A G AN i 2

RS EMERABEIZESCREMEMRNBEXREY

Table 8 Correlation coefficients between heavy metals and physical properties in A, B horizons of biocrusts

Py FhL ki AR AR Hb kL FHAD L
Bulk density Clay Silt Very fine sand Fine sand Middle sand Coarse sand

Hg -0.373 -0.139 -0.105 0.516" 0.061 -0.254 -0.102
Pb ~0.748 ** -0.061 0.453" 0.052 -0.451* 0.297 0.320
As -0.365 0.162 0.410 0.138 -0.294 0.034 0.055
cd -0.767*"* 0.045 0.464 * -0.074 -0.445" 0.338 0.354
Cr -0.424 -0.049 0.175 0.281 -0.131 -0.068 -0.116
Zn ~0.799 *** 0.044 0.526" -0.116 -0.518* 0.320 0.354
PN -0.440 " 0.044 0.526" 0.374 -0.561 -0.187 0.047
RI -0.680 " 0.075 0.551"" 0.231 -0.447 " 0.212 0.297

2o Al Mgk A B2 6 MESE TR S SR AR 2 2 SR MR L B E
IEMSE, 5 pH BB E MG, Kb 54)E He 5% B3 1EAX; 48 Pb.Cd. Zn PN {HAI RI ({5 H
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TR AP R e ESGR A R IEASE, 5 pH B R FNAMSE R As HRSR AHUR,
Sl AR ORI A L 0 38 TSR, 5 pH B B TS R O S TR A HLIR A L W IR
LiEES

R EWMEHRABEIEESESUFERNBEXEY

Table 9 Correlation coefficients between heavy metals and chemical properties in A, B horizons of biocrusts

LR AL g g SRV B
pH Electrical Soil organic Total Total Available Available
conductivity matter nitrogen phosphorus nitrogen phosphorus

Hg -0.139 0.389 0.402 0.283 0.476 " 0.197 0.353
Pb -0.586"" 0.936 """ 0.949 *** 0.715** 0.752"* 0.804 " 0.640 "
As -0.494" 0.383 0.484" 0.161 0.582"" 0.491* 0.651"*
Cd -0.631"" 0.930 """ 0.965 """ 0.658 " 0.776 ** 0.748 " 0.659 "

Cr -0.210 0.582" 0.591"* 0.196 0.022 0.486 " 0.352
Zn -0.606 " 0.926 """ 0.960 *** 0.743 " 0.790 ** 0.802 " 0.663 "
PN -0.522" 0.474 " 0.558 " 0.526 " 0.534" 0.804 "~ 0.662"*
RI -0.462" 0.791 *** 0.859 *** 0.843 " 0.742"* 0.571** 0.609 **

H 2 10 A0, AR W4 2 A B J2IY 6 FIEE 4@ & i 55 b Ak U | 0 P 0 1 O 0 R0 g 7% 1 22 1 E A
KKFR, H L )m He 5IFME B3 IEAHC; 4R P Cd Zn PN B RI {H 5 i 4k S0 01 2%
it R R RO TS e S A 0 TR AR OC T As g AT S R R il 0 P A B R IE ARG AR Cr S
S ST o Tl Rt R R AR b T 2 2 S T A

R10 EMEHEABEIRESESHEENEXRY

Table 10 Correlation coefficients between heavy metals and enzyme activities in A, B horizens of biocrusts

L Bl L Bl
A MR WREREEE ARG A WEPE  BRRRERE  BERRREME
it T . iR P .
Alkaline Urease Sucrase Alkaline Urease Sucrase
Catalase . . Catalase . ..
L. phosphatase activity activity . phosphatase activity activity
activity L. activity ..
aclivity activity
Hg 0.337 0.291 0.451" 0.213 Cr 0.438" 0.444 ™ 0.281 0.483"
Pb 0.880 " 0.839 " 0.761 " 0.746 " Zn 0.855*" 0.810"" 0.764 ™" 0.761""
As 0.682 " 0.392 0.409 0.465 " PN 0.855 """ 0.814 """ 0.757 """ 0.766 """
Cd 0.831"" 0.765 " 0.759 ** 0.683 " RI 0.844 " 0.765 """ 0.691 " 0.659 "~

AWEE A B IR E SR i 5 R TR IE M0 RDA 2B 45 SR 3 B, R [ 3 8 B B i A= ) 45
A B ZMyasaHER 0 S 5, HLAT 2 Nl EBUYRBE T 83.77% M7AE S (565 1 % 73.75% , 55 2 %l 10.02% ) , +3%
PR IR 70 4 A TR SR A HET (R 11) AL 68.6% ) >id S AL U (58.4% ) > 3% (53.6% ) >4
(52.9% ) >Wg MW PR (48.3% ) >Z5 5 (45.2% ) > KM (45.0% ) > AL (44.7% ) >3H B (42.9% ) > FEHE
(41.8%) >4 H (40.7%) >pH (24.6% ) >¥3H0(23.9% ) > W Ki (23.4% ) >HHPRL (14.8% ) >FHHRL(9.0% ) > >
Ki(1.6% ) STANVRL(1.5%) , Horb AL B3R o AL S B IR il 4k A 0 R | A
JUR T | R 4220 pH FRPRX AE 25 e A B 2 H I & & i il ol i 3 (P<0.01)

KT 2250 il R R X A 45 e A B 2 T3 & R AT & A A i RS Lo o), 45 SRR W, 14
W ¥ SR AE Y5 K A B 2 IR E S8 ik SR 1Y 54.4% AR R o 5 31 45.6% (181 3) . TE&4H
T HA X2 A R R T R 2 (P=0.03) . X3 5 HABPIH HIER XA YA A B JE 4
ST AR A AT SR R A, A R 27.9% M 25.3% , = 4] - HED] Sk ] fR B R 43 R 35.5% , RS i
(P=0.05)
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Fig.2 Redundancy analysis (RDA) ordination diagram of the relationships between heavy metals and soil environmental factors in A, B

horizens of biocrusts

ZB_A ZB_B HB_A .HB_B TB_A 1 TB_A 5}illfCRIELE L A )2 BE45E B 2 ALK A 2 RS B2 BELE ) A JZTSELS 2 B )2
BD: & Bulk density; Clay: Zifi; Silt: #3KL; Vsand: W ZHAVHL Very fine sand; Fsand: ZAPHE Fine sand; Msand; "1k Middle sand;
Csand; HI#PHL Coarse sand; EC: HLF 3 Electrical conductivity; SOM: 44 L5 Soil organic matter; TN; 4% Total nitrogen; TP . 4 Total
phosphorus; AN: L% Available nitrogen; AP % Available phosphorus; Cat: 3 AL HIE M Catalase activity; Alp: BfiP:mi iR il T 2

Alkaline phosphatase activity; Ure: BREGE P Urease activity; Suc: KEHHHFIE I Sucrase activity; PN ZE4 75 Y248 4X Comprehensive pollution

index; RI: LA A UG HE B Comprehensive ecological risk index

R11 EYERABEIEESRESTERERFIURS(RDA) HEEFHEEES T

Table 11 Significance of factors in redundancy analysis (RDA) of heavy metals in A, B horizens and soil environmental factors

¥ Factor SoM EC Cat Alp TP BD AN Ure AP

ff B it Explains/ % 68.6 53.6 58.4 48.3 52.9 45.2 42.9 45.0 44.7

F 48 25.4 30.9 20.6 24.7° 18.1 16.61 18 17.8

P 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
A Factor Suc TN pH Silt Fsand Msand Csand Clay Vsand
i Explains/ % 41.8 40.7 24.6 23.9 23.4 14.8 1.6 9.0 1.5

F 15.8 15.1 7.2 6.9 6.7 3.8 0.4 2.2 0.3
P 0.002 0.002 0.008 0.004 0.01 0.028 0.802 0.116 0.71

SOM: AL Soil organic matter; EC. 1,5 Electrical conductivity; Cat; 1 E AL S i E P Catalase activity; Alp: TR PE 1 R i 6 4 Alkaline
phosphatase activity; TP, 4Hf Total phosphorus; BD; A H Bulk density; AN HAA Available nitrogen; Ure: JKEFIGPE Urease activity; AP SR

Available phosphorus; Suc: KEFHEGE 4 Sucrase activity; TN ; 2% Total nitrogen; Silt: #Ki; Fsand: 40APHL Fine sand; Msand ; MR Middle sand ;
Csand ; HLfPKL Coarse sand; Clay: Ziki; Vsand: HZIHKL Very fine sand

3 i

3.1 WA BOW R HE G ) e AR LR S S Qe XU B
WP R AR AP 2 Bl o SR B ML, %o o A ) Bl P L 3 ) M Bk A A 0 30 | e o
KBTS AR TR XRBE R 4 X AR PRI, 4 B Y Rl e 2 5 3, T

ST

RES AR FIsTIRE 2 A 6, IR A S e A E 2O P AL, LUEE B, (B %
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TR AR B 7 Wy dn 8 42 JE ST R Hg Cd \Pb Zn Al
SIS, & IAT 4 R 24 M R BT 1 v 2 21 Gy
e Jrfa BHA gle i A g XKL TR
FEIX R B Z RPE L o3 1Y S22 1

1 T AN [R) S B AR Wy R %) R T AR 36 T4 A AT 7K
PEFFTE 22 5, S ECE AT H & 8 TR i M
TEE—E M2 e BRI, X 5 AR S FE R P dy
KT AN TE G E R B RNAEREA—F, 3
K15 A8 B0 Z5 R R 6 AR SBE A i 48
TR &R T E R R, N S YR H:
FPEAE AR S KBS F8 B0 1 PEAN 45 2R R 6 PP 4 )& T B3 LNTRETEAN WSS AD BN N2 R
RGOS YRR R PP TR, RET ppsm
T2 R X ) Xk AT 45 R, F BN T Fig3  Variation partitioning analysis ( VPA ) of soil factors
BEIR T A4 e P RE A EA B E 4 S BFARL)N . groups on heavy metal content in A, B horizens of biocrusts
FHSEME AT 25 R W] KRR M X He TTE 54 W45 B (5] Pl N B Z IR T 4H A BE R AR 22 | T 1 o5

o e N U I\ DR R =2 A - S e i) A R A 2 5 N
RN X1 A EWEE I A B 2 RIERY FEY BT X2 4o

IE H B R 1ol A A [T YL i ‘
R APIE, R BOIILRE & FEORRIRTTRBLRFEE o | b o i b 3 00 B A 2
S U TR

3.2 RAFEEMAML L A B JE IR

KA LA T8 2 5 L A AR A5 K RS QAR BE AWl BV o BIRER R R 2 78
A2 RS AR B R SR XUk gy 2 AN v ) [T AT LR SRR A P A R T 3R, JF X4 B = R R ek 2
G ARREAE ALY ARBETE T3 R A s e 2T e AR B R AR ORI, AT AR HE T A A B A
JEDUMRAL R AL, R BRI TR & i B S v, EE R TS A JZ 00208 AW 224K ARl 2
REE5 B 45 <0.25 mm AL ST HC AT SR BN SR SR AR T2 AR R AR . 315 T PR A Vb A
FELERIA O R, A BT LA AR Hb 3R KD i R AR R AR P4 AR T 4 KA 45 B A B
J2 MR O R B b DAL i BN Fe o 83 (3R 6) 3% 5 Fang S5 A [ R L VD VLR S0k B
SECSTERMRIDYP S e 2518 — B0, L3R P T AUt S e 1 S T3 KT RV R E ) AT
SRR RO L, A2 W45 B R B R S IR o A HILISR A) e 2 T Dy A SR e 1) I O S L S IRy , (2 kT S
PEREE RS, X5 Zhao S5 R B i ISR AL RO AN E R AR AE Y AR A SR BRI A e — B, AR
B BPRLAG Y T AR B L SR U B S LR O, DT B0 SR ARG ASBIE S R X A
I, 3 RA W4 B B n] B AR 2 LY pH (BT FRE M A JZ R LA AL SR &, WX B JZ YA HLBFI SR 7
F AR AR, 3 S TRTCHI AR T SR AR — B, DT A 2 BRI AR A 1 W B R B T
AR 2 28038 S 00 S e TH 45 KR ) SRR T
3.3 RIREBON R E SR TG U R

ARBEFEH BT IX YL B A B 2 TR SRR S RV E VI, h T AEWE B A, il
AR T X AR B A BLBT SR A BN CNE (pH EAS ) A LSRR RS, HYREE LR A INTRE
WSS ,3X 5 Miralles 55 7E PG PR35 35 9 Wi VD15 ( Tabernal desert) b A< 45 12 OB IE 4516 — 3, A WF9E £ W
B RV Y R E WA LR ARSI 3 AW A R LS SR TG R
BT AR B, U T AR T A ML e S BCA DL AR SR . 3 pH I 3R T
FE IS/ FC A G HE P 3, AT 52 ) o 4 S T R AE RIS R A L SRR AR, R
HEMIES KL A TR pH (EAT AN R B AR 32, HLA5 o G i 5 1 5 0 35 bl i 35 SR O, T RE S WS IX 3
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(R A O, A T BB pH BRI 1 S 7 < A FO W B0 I A e RS e M AP eI A B e PERR AR BT, T o
$xJ& Pb Cd Zn PN {EAI RI {5 At 540 52 0 28 bl (35 IEARSC , nT REJE h T pH (E R AR S B0 G i A At
SO L3 RN D R BLTOR e 4 A R AR GE R RE L EE R R MO
TR B ECR S RIEA YU R R S e S RO, TR T R A AL A AR Y RE TR
MOk (JRHE FRHE5) i 25 A VR AT 5 1 4 SR 245 5 8 URR S 1AL 4, DTG0 1) 28 4 J i ie f6 1 ko
(PRLAR 53 A7 (PSD) BLHEE N 36 BURLY) 1 T 4 R & 1 4 A5 >0 ARBFE T, 6 R 4 9 5 1t SRR B LE A
5, 5 b BORLRD 38 UG, X S AR A T 4R B 5 R/ VRIS (Y MOk A B,
A T 4 A 2 B ) B T 4 SR AE BT P AT O AR SC A O 22 43 M 43 BT (VPA) 11T AR
PSSR 4 R i R R i e ) A SR IR B (18) 3) WL EDIE 1 2 A WFSE 56 T e AR R o (- 48 T
My ATHUBURT pH 45 ) S22 T 4 J A A ACHE T I S T 30 A 5 ) A 0 R R R A DT RE R AR T
BRAITRRIAEYARNE . FOCPERTC AR a RE W] AU S B SR BE A A E AL 3 Fl
AR A R B R R R S i R IR N XS N RN 3 R A T R AR A,
Je (W R AN AT A% MIAL

4 it

MRIEIA A A XA T i 1 e i 2R A I AR 2 B R R A BE s R EH, A
[ L A W B R SR A A R 2 SR DT 3R Y ' SR RE I A7 AR 35 22 57 (P<0.05) , ELRH A= W45 B i i &2
WS AR LR S T BRI LR S PPAN 45 2R 7 o 2R W45 B B 43 Jm oA R 2 W AR ARV, R By A
SRS IR T B R A WIAE B MBS B 1) B 25 B R i P b | SRR A A R IR 2 A A T 0] A
AL, E B E FA DU G | G R, R R i S I T A S TR T A R
AU TR WG TE A E AR AN RSB A S A B R IR G R R ) B RN T
T7 2203 A R | b S~ M TR B2 ) B o 5 B AR R g Y BRSPS AR o
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