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Heavy metal contaminant in development process of artificial biological Soil

Crusts in sand-land
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Abstract; In sand-land ecological systems, there are wide-spread biological soil crusts which have an important function in
the ecological systems. In this study, the heavy metal element contents in artificial biological and physical crusts of different
stages were measured in the vicinity of Dalate Thermal Power Plant in Kubuqi Desert to analyze the influence of physical
soil crusts and different types of biological soil crusts in different developmental stages upon the ability to accumulate heavy
metal and indication of their pollution. The results showed that the contents of various heavy metals increased each year with

the increasing of the developmental time of biological and physical crusts of different stages. For most of types of heavy
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metals in soil crusts, the contents displayed the following sequence as Zn>Cr>Ni>Pb>Cu>As>Co>Cd >Hg, and for a few
of types, the contents showed one as Cr > Zn > Ni > Pb > Cu > As > Co >Cd>Hg. One factor analysis of variance ( One-
way ANOVA) demonstrated that the difference significance ( P<0.05) of the various heavy metal contents in moss crusts of
different stages was greatly lower than that in the algal and physical crusts. Comparing of the heavy metal contents in the
biological crust and physical crusts of the same stage revealed that moss crusts > algal crusts > physical crusts, suggesting
that the heavy metal enrichment of moss crusts was greater than that of algal crusts and physical crusts. Through one-way
ANOVA, the contents of Hg and Ni in all kinds of biological crusts and physical crusts of the same stage were no significant
difference, while the contents of Cr, Zn, Cu and Co were significantly different ( P<0.05) in between moss crusts and
algae crusts, or in between algae crusts and physical crusts. As for Pb, As and Cd, their contents did not vary significantly
with the development stages of different crusts( P<0.05). The contaminant factor ( CF') analysis showed that moss crusts
were more sensitive than algal crusts and physical crusts for the role of indicating pollution. Meanwhile, biological crusts
accumulated the heavy metals selectively. They less likely accumulated Hg, Ni, Zn, Cu, Pb and Co and more likely
enriched Cr, Cd and As.

Key Words: moss crusts; algae crusts; physical crusts; heavy metals; contaminant
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F12008 A4 b FE 4 7 ST D) 5 5 f AR IR) it B RT3 5 25930 (ANOVA) I LUE (3R 1) , AN AAEAR
PIEREE B2 R T He Fil As JCER IG5, Hifth 7 Foc R AR EAAAE 225 (P<0.05) . HULAT UL,

http ; //www. ecologica. cn



7405

[EE (35

VAN R K T B BRI N T AR P 2 e 0o 4 TR )

!

R

4

23 4]

(S0°0>d ) 10 4 Z€ 70 7 i (1 71 Kz 3 (0990 ) T
H=ly 800T Y} @ F (S0°0>d ) T ZEir v Y aly | S 2 J—P s S [ o gl (SO °0>d ) TS24 Y by — [ 342 0—® g S [l ol g fe]* (VAONY ) L4022 L0 Il ol " €T XE r A BRI

chdE S Z( R AR DA TS HEN) OV 20 S7 4820 ) DIN S o220 ) dS f[1os Apues ut eneA punoidyord Juowa[y H)H H M0 () y( fBIOSUO Iouu[ Jo [10S Ul onfeA punoidyorq juowa|s Hj i 3k T L 32
PSLEOF 19V P96e 0¥ 6°Cl IS 0F¥L'T or19°0F S6°8 JISO0F €7v¢ 2800°0F €90°0 JLEO 0O F 6176 WI80F T €T P100°0F910°0 0d800¢
JvC0F 06y 2@¥8E0F 9Vl 26LE0F09°¢ P08 0+ C0'01 P@LO6L0OF67LE 2L00°0FS80°0 PS8 OFLCI  J@L88°0FL'8C 9P00°0 F 81070 JV800C

PELOY "0 F 65 °C PECLL 0 F TSI J4S80 0 F ¥1°¢€ 990L°0F09°8 JPSL6°0F S°9C 29L00°0F0L0°0  PATCy 0 F S €l 2q8LY "1 FT°6T P¥100°0 * ¥10°0 JdL00c
JPB9IC 0+ 99°C FBQLLOF ¥ S PE6IT 0+ ¥8°¥  °Pq¥Sy 0+ €701 Pa6v6 0 F L°LE  °P9LO0°0F L80°0  P4869 0 F 8C'6 JA9EY 0 F €°0€  PPEY00°0F910°0 JVL00T
PEBELOF €L9 PE86L "1 ¥ 691 PBL6Y 0 F91°¢ OBLCC0F vl PE80S 1 F9°Ch PECIO0F¥0L°0  PESTO0F C 9l FBOLY T ¥ LO'vE  PBCOO'0F810°0 DINLO0T
PEOES 0+ 819 P¥989°0 F 8 "SI PqPLI 0 F LOS Yy PqSEST0F 888 JPIYCL'TF €6°6C 228000 F €L0°0  PPC8E 0+ 16l 929160 F £°C¢ P¥100°0*C10°0 Jd¥00c
PEYEYOF LY'9  °PPRCOC T F 1191 PY86C°0+ €69+ °qI1€°0F80°6 29168 1 F €€ 29®800°0F S60°0  PBCOO'1 #8°Gl STy T ¥ L79¢ 000 F ¥10°0 IV 00T
PEBSYF 0 F €1 7L PEIIL O+ 1°LI OBO9E 0 F €89°C  OPEOLY0F v Ll PEOLL € F S b1 PEO00 0 F9IL°0  PECES 0 F ¢ 791 OB0E9 1 F T 0P PEZ00°0 ¥ 810°0 DNT00C
PEEYS0F0C'9 P¥989°0 F 8 91 PA8YL 0 F 8L °S 29¥89°0F 6€°6  OPASTOI F 1°¥E 99L00°0FS80°0  PEOlE0F S'SI PP98 1 FIL°0€  PFI00°0F910°0 Jd€00c
PBE6E 0 FC6°9 PECO0 T +6°LI PASLL O F IE€°S  °P9TrL 0+ 0701 P4686 "¢ F €8 '8¢ 2PIE600 0 F COI'0  PBCT I+ L°CI PAES9 T F L 1Y PEC00°0F610°0 IV 00T
PEBLE0F0S°L PEIC6 "1 8761 PEIS9'0F 6¥°L  °P®E06°0F9°¢cl PEOSL ¥ ¥ 9°1C PECIO0F0CL'0  PE¥OS OF ¥S°9L  PESSC'1F0'Ly PEEO0 "0 ¥ TC0 "0 DIN€E00C
PASS90F 129 PECI6 "0+ 891  PYE91 "0+ 81°C P4C68°0F T 11 P490L T+ T8°SE  PBYOO'0F601°0  PEI690F S 6l PAPLSCFCL6E  PEYO00+ L1070 dT00c
2Pq0re "0 F 059 P¥886°0 ¥ T8I PALEY O F IS°S PAOC8 0 F L°T1 PA€69 "CF 0Ty PEOIOOF ¥I1°0  PROLO'T ¥ 6°SI PEOE8 T+ L6°Cy  PREO0 0 F €200 JV200T
PEIIE0F 0€°8 PEOL8CF T IT PE6ES 0 F OL L PECOL "I ¥ T°¢1 PECER ¥ F 6716 PESIO0F 6C1°0  P®099°0F 691 PEOSE T F 7Ly PEC00 "0 F ¥¢0°0 DINT00C
o0+ ee'e €6L°0F CLSI €S0+ L89°L L9 "0 F S1°81 ¥10°€* 09779 §€00°0+950°0 6vS "0 F 0y 91 815°0+09°9¢ ¥Z10°0 % Lv0°0 as
06°1+0¢Y 8L'SF0S 11 0S'¥+0c°8 ¥8 v+ 08°8 9661 ¥ 08°6C SO0+ 070 68 ¥ ¥ 08¢l €CEIF08°¥C L10°0%910°0 Fiwwﬂmwwm

9 vFOS'L LO'6F0S 61 €0°9F01°01 0L 9% 0¥ ¥l S9°LEF 01768 6€0°0F €50°0 81°01 0T LI wocF Oov 1y S¥0°0F0v0°0 ‘EMW\WWM

sV N e o uz PD qd 0 SH onEnUAOOT) T

i £ i Iy & iy i el 2 o

QUIN) JUIIIPIP Ul SISNID [edisAyd pue [BIIS0[0Iq UI SUBIWI PIAIISQO PUE IN[EA PUNOIZHIB(Q Y} FUOWE UOHEIIUIDU0D [Bjowl AAedy Jo uosiredwio) | d[qe],

(BAw) N B ER MU E T ER TSNS ESETENSHG IHSGFIY YTy 1%

//www. ecologica. cn

http



7406 A E = 32 &
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R¥JFFAELTE(P<0.05) , BARZ SR 1, @i LU EAr#T, & A 45 B ot 75 4 s i e B B AT — 58 a2k
B 18 Hg Ni Zn Cu Pb ST R W25 AN & &8 & Cr . Cd As S0 R MM B ER L,
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Fig.1 The comparisons of heavy metal concentration in biological and physical crusts
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Table 2 The contamination factor indexes

V5 YLK F Contamination factor CF

T5YL R F CF

Ek.% . CF<1 1<CF<2 2<CF<3.5 3.5<CF<8 8<CF<27 27<CF

Contamination factor

V5 YRR s s s s s s
i Fri e B o g e T e

Contamination degree

A TR X S8 R 5, Rk, B XD 75 S Ve B T i i, R 3 AR AT AY
4 Ky TN R, Ky AE R [RIRE L) T5 Yo IR (CF AR DL RGR I IR B2 1) CF B, M3 3 ol LIE i X 5k
KA T HA Hg Zn Cu =FICEH CFH(2<CF<3.5) @ T4 15 Y, Co Fl As TTEH CF H(CF<1) &
FIETG Y, WA 4 FhICE CFH(1<CF<2) ¥R TR TG Y o W LURE 2R BB | & B0 X S A= 0 485 B F)
PLE Rz Co JUEAE AT REHII R I R IG5 YooK, (H B B RS , CF (EAERS N, FIFER B CF {HY B
G B <BEZE 7 <R B A H T Cd TCRTEA RV AFEAR #E 45 B FE b 24 26 B0 R 42 B ¥ Y | R 445 B Ao b U] 3% 80 4y
AEARIE N, V5 YooKV PR B T Yo 1) 52 B 15 Y 1 AR TR 1 b 34, U BA B 45 B X Cd o6 3 1Y) W B A 0 B I Lh e &5
B, B2, B s Y e R VE I AURR . X1 As R, TR S =58, CF H R A 0.54, )8 T 15
YooKV (HAEEESS Ko rh, CF (HAE 2002 2003 #2452 AE M A3 3R 3 1.93 F1 1. 74, J& TS5 42 KF Itk As JT
RIS R & AR B X R R R BLAE Cr oG b, DL A 45 Je Xt Cd  As Cr e R A
A BB . X T Heg Zn Cu F5T0EK, AR AT S ERE, CF J& TRE S LK L REAY
45 e T PRGE Je () & i 2 W AR T A2 h i 1 & ( T-test, P<0.05) , Ui B4 M)45 fe Xt Hg  Zn . Cu Ni,Co 7T
FA R BRI | RIAES SLA R IAE Ph TR & i

R3 EYGER MBERZRIEERHN CFEURBHER

Table 3 CF values and contamination degree of different biological and physical crusts and settled dusts in local region

TS YL R R % i i i i i e i
Pollution degree Hg Cr Pb Cd Zn Cu Co Ni As
CF<1 MC 2002 1.508 1.928 1.228 2.93L 1.74S 1.73S 0.92N 1.84S 1.93S
JeT54¢ None 2003 1.38S 1.90S 1.208 2.73L 1.738 1.558 0.90N 1.728 1.748
2004 1.13S 1.62S 1.208 2.64L 1.08S 1.528 0. 68N 1.49S 1.65S
2007 1.138 1.37S 1.178 2.36L 1.438 1.418 0.62N 1.47S 1.57S
1<CF<2 AC 2002 1.448 1.77S 1.158 2.59L 1.418 1.33S 0. 66N 1.58S 1.518
W25 9% Suspected 2003 1.198 1.68S 1.148 2.32L 1.308 1.148 0.64N 1.56S 1.618
2004 0. 88N 1.48S 1.14S 2. 16L 1.08S 1.03S 0.57N 1.408 1.508
2007 1.028 1.228 0.68N 1.98S 1.278 1.178 0.58N 1.34S 1.328
2008 1.138 1.16S 0.92N 1.93S 1.278 1.148 0.43N 1.27S 1.14S
2<CF<3.5 PC 2002 1.06S 1.58S 1.128 2.48L 1.208 1.27S 0.62N 1.46S 1.448
BRI 5 Slight 2003 1.018 1.248 1.128 1.93S 1.148 1.07S 0.62N 1.46S 1.448
2004 0.75N 1.308 1.09S 1.66S IN 1.01S 0.54N 1.37S 1.448
2007 0.88N 1.18S 0.98N 1.598 0.89N 0.98N 0.38N 1.328 1.308
2008 0.99N 0.94N 0.69N 1.48S 1.158 0.97N 0.33N 1.128 1.07S
SD 2.94L 1.07S 1.198 1.27S 2.10L 2.06L 0.93N 1.37S 0.54N

4 HitHitie

A BERE N 4 I 1) B SR PO ST T 4 19 e 2 At 545 [ = ol SR T 0 7570k, 9 HL i — il
PR T B, (RN TSRS, h T s e Y| T R 2880 R AR B AR B,
FH & SR I 15 G F8 7R A WAL 2 27 ARSI AR SR R T2 045 B AR Sl — A R AR 25 T g
RS AR T UL S RS, T HHA I &Y A AR L 1075 Qe g8 /n A2 9, IR e X T b A
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BRGUEYES F AR T G0 BRI BTG e /n A4, RIE N S R S E AU e R SE L
B, R BRY £ & U RS SEE T NS H RS RE R ), R A 5 1 E 48 & 2R
A, AR TS G A TR BT RAE bR, 8 T I0T5 Y RIERAL(CF<1) o Sl X T 58 XSS 4R 1) R AR AR rh B 4
R IE K IREA T As TR & i (2. 33£0. 242) mg/kg (8T XD - F 5{E (4.30+£1.90) me/kg, HAIT
EHEYETERME, As TESEREEZ S5 Y ) RIEP A As TR A, T FRIFIE & Y Mk
S As TR T EIEFIFE 3.0—4. 5 mg/kg Z [0, I FAREE @B E RS b, HILkEAh As TE TR
5 WSS XA T, O HAm s i B X, A et y5 e 8, 2 X P AT 5 A s e SR I 4 Jd v
RESR IR T K H1 BT R R AR RIS X 2 KX A TR 2 SRR R 0 A A 4 1, Bl R 2V b S AR 25
Gy AT IR AN 5 [ A VD 3SR, AEW2E B ! T RRBR 254, R i R B 45 B AR Z5 5 i AR KA i
WK R R 2 DR, DT 45 B A BT i 120 IR A YD A 25 R G, A W 05 B Al R 9R W o 4 J 95 e Y
Feos AR AR BRI AR . AR SCRIHAE W45 B AR o phRE , O HsE Rl SR A N TR B AR B B
o JBE ) A 0 285 P W o Rt Al oA, A5 DL R 4538 . (1) AR S e foest e R+ & s 4R S
S H IR B A AR A B 0 TG in kA A, At e T 4 R B i 2 BRI : Zn>Cr>Ni>Ph>Cu>As>Co>
Cd>Hg BYIF e R /DR AI R IR : Cr>Zn>Ni>Pb>Cu>As>Co>Cd>Hg BT IC R, il R R £ 4500
(ANOVA) | RIFAER#ELS e th & AT 25 5 B EPE(P<0. 05) B AR T 3a 25 e FO 2, iz o (2) AHE4EAR A=
W4 Bz AV R 2 By T 4 T B A A BN [RIRE M KA . BE L R >4 B S W RS e, RITMI IR TS LA T, #EAS
B Xof 4% Pl 4 J 10 5 SR BE T Wt bR 4 R A B, B i AR RE 05, It B R T 22 0 H (ANOVA ) |, Hg Al
Ni JCRTEFTA R A= 45 B A RS B ¥ o 25 57, Cr Zn | Cu,Co JTCR¥IfFTE 2R (P<0.05) {H 2
SR B IAEBELE KRN 2E K 22 0] A A 2R 30 R B 25 B2 M JC 45 B2 26 £ 2 18], 1 P As . Cd JTTZR IR KA
MIAERA 25 AIAERTEZE R, (3) Wit i5 YL T CF 4307, BE4E B 5 YL 8/ VE P B 5 LU e 435 B Ay
HRZE R U, IR A 25 oo T E A TR s S A — 2 kB 1R Hg \Ni Zn Cu ,Pb Co TR W4,
AN B ARA/D TR Cr . Cd As 50 R HIXT E R L,
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