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Fig. 1 Sketch map showing the sampling sites of bryophytes in Chengdu
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Table I The complexion of fifteen investigated sites in Chengdu

e S AR s T A/hm? IREAEDy REA

I B AR BRYTIX (30°38'N, 104°8'E) 273 1956 HREW, =, =HZH
11 Y (AL YN FEX (30°39'N, 104°1'E) 323 2002 PR, —. ZIZHE
111 UNEYNT] FHHIX (30°39'N, 104°3'E) 113 1911 i, —%H

v JRATRH TR WAEIX (30°40'N, 104°8'E) 183.0 1956 MR, =, =Kz
\% =R AEIX (30°41'N, 104°5'E) 5.3 2004 TR, —. ZHZIE
VI FRE N FAEIX (30°43'N, 104°3'E ) 140.0 2006 AR, IE =%

VII TR b 5 SR R AR & RAEIX (30°36'N, 104°2'E) 53.0 2003 HipgHR, E =3

VIII NN PN FEKX (30°39'N, 103°59E ) 8.67 TivEES, =2

IX LN T BRYTIX (30°40'N, 104°5E ) 2.80 1998 AR, —HHN

X RGN BRYTIX (30°37'N, 104°5'E) 28.0 2008 mREEE, . =
XI RN WAEIX (30°39'N, 104°6'E ) 10.0 1990 MRES, —. ZHZH
XII VU R ACIE R 441X (30°41'N, 104°3'E) 360.0 1972 ATEEs, =, =z
XIII = MR/NIT| BAEIX (30°37'N, 104°5'E ) 125 1889 T, —. ZZHE
X1V PN FHEX (30°39'N, 104°2E ) 10.0 1951 TP, —H N

XV PO K2R DAL X X (30°38'N, 104°3'E) 73.3 1910 TR, —3W
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2 HRE5HH (pgg) BRIFT AN (305.81 ) >Zn (172.42) >Cr

21 KEESEEEEHPHNRREBX D (89.09) >Cu (69.40 ) >Pb (23.84 ) >As ( 3.61 ) >Cd

TRESRICR B EEOLE2, SFEET  (0.99) . HFE3IAH, BREPECu. NiAHEMA R

Pb, Cd. Cu, Zn. Cr7FESENFESE #F (P>0.05) 5, KD EALIEICER BIFAAE & L
22 SFIEEE TR 48 B BT AL

Table 2 Heavy metal concentrations in five kinds of bryophytes

e s . w/(ng-g"
RS Fhsd Pb Cd Cu Zn Cr As Ni
I 15.90 0.36 69.08 107.84 60.63 4.07 236.03
il 14.66 0.42 158.83 141.02 73.88 2.52 278.60
1 19.31 0.82 78.43 149.04 52.93 5.80 259.58
v 21.33 0.50 84.60 132.27 66.00 3.80 162.95
e v 13.82 0.00 28.08 69.67 2772 1.08 92.93
Tariphylan VI 17.05 0.83 58.28 149.14 4722 5.40 166.65
, VII 56.07 1.43 39.64 180.80 86.53 432 55.72
taxirameum VIII 30.08 0.81 39.38 133.71 14.05 2.93 18.55
IX 36.79 1.58 74.23 200.57 85.83 8.37 239.58
X 23.11 0.00 36.37 91.64 24.26 0.80 93.33
XIII 16.57 0.52 88.90 87.82 147.50 6.40 386.23
XIV 21.49 1.15 67.20 149.62 72.03 3.93 249.73
PIE 28.51+£15.62 0.80+0.51° 63.58£32.91°  139.42+37.88°  64.73+34.00° 4.15+1.99°  162.80+109.17°
I 12.67 0.34 48.77 91.04 43.55 1.41 173.73
1 9.16 0.14 67.90 88.12 32.04 1.73 178.75
VII 32.97 1.05 27.26 148.50 16.82 2.65 33.23
FH R VIII 26.83 0.99 41.71 134.20 105.17 4.62 82.67
Brachythecium IX 11.32 0.39 32.94 86.82 15.27 1.35 68.18
moriense XI 21.53 0.58 47.72 104.64 54.30 2.82 166.63
XIII 16.93 0.75 62.18 180.22 72.20 427 419.13
XIV 23.51 1.18 84.13 149.29 38.46 4.50 247.00
XV 27.65 1.14 121.75 155.44 140.45 5.65 502.63
¥ 21.25+8.19 0.76+0.37 > 56.88+28.07°  127.96+32.15°  57.92441.02°%  3.26+1.51%  192.99+153.32°
1 9.26 0.00 30.40 74.42 831 0.40 67.55
v 16.02 0.13 165.30 118.44 17.26 0.77 92.88
P v 13.43 0.00 31.90 85.82 14.38 1.28 51.85
;;’uzyirifi VI 34.45 1.13 40.34 203.56 30.88 3.83 32.16
A VIII 30.96 0.77 36.03 136.51 13.99 2.39 17.74
eustegium IX 17.36 0.13 46.04 99.47 38.92 221 131.60
X 921 0.29 58.58 69.63 61.78 1.17 170.57
XII 18.49 0.70 107.75 103.57 105.73 5.62 369.25
XIII 20.50 0.47 . 597.67 68.68 3.39 200.35
Pt 19.71+9.23 0.45+0.40° 61.45+43.02°  161.33£151.2°  39.36+30.28° 236£1.59°  118.49£103.89°
1 11.22 0.28 99.68 127.64 73.98 1.83 435.88
I 25.53 1.50 82.15 182.39 94.78 531 378.83
11 16.73 5.44 76.60 1496.79 134.80 5.99 689.68
- v 30.56 121 170.50 135.77 351.03 6.44 1451.13
Physcomitrium VI 37.80 2.14 112.65 184.14 127.33 6.95 521.63
! VII 22.04 0.87 49.28 174.33 106.82 439 316.50
sphaericum IX 18.94 131 80.10 122.92 185.85 4.76 827.78
XI 19.82 1.13 105.13 118.82 98.05 5.20 462.40
XIII 21.66 0.84 90.03 88.62 104.95 4.86 533.48
XIV 27.62 1.45 150.93 157.39 200.63 6.27 893.23
WH 23.1347.17 1.58+137" 992143601  273.90+407.6"  145.87+78.22°  5.16+1.42°  635.12+329.14°
I 13.39 142 37.00 132.79 41.65 1.72 206.18
il 12.70 1.40 38.07 143.59 46.42 1.38 218.83
1 62.90 2.38 120.55 227.79 22418 8.58 705.90
v 10.28 0.72 45.05 91.62 34.98 1.55 208.00
" , v 18.45 1.70 70.08 266.28 185.90 1.68 580.05
Wbk Marchantia 16.80 0.75 99.85 87.69 137.95 332 388.63
polymorpha VII 54.52 1.73 64.28 178.46 183.40 4.07 37475
VIII 24.45 125 84.53 214.26 289.98 4.57 906.62
X 6.53 0.99 42.49 104.74 50.68 1.37 306.93
XI 14.88 1.40 63.25 246.58 167.10 1.13 622.70
XII 20.93 0.94 65.13 152.72 60.95 2.42 221.30
Ml 24.61+18.22 1.35+0.47° 67.06+25.14°  17024+59.78°  138.32488.55°  3.01+2.14°  448.38+243.43°
BOEHIE 23.84+13.11 0.99:+0.81 69.40435.75 172.42+192.26  89.09+72.54 3.61£1.99 305.81+279.03

Means+SD followed by different letters in the same row indicate a significant difference at 5% level according to Independent Samples Kruskal-wallis Test
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Table 3 Correlation analysis between heavy metals in bryophytes

Pb cd Cu Zn Cr As
cd  0.598"
Cu  0.051 0214
Zn  0.608" 07617 0.195
Cr 0294 05877  0.667" 0453
As 05887 05737 05477 0478 0.628”
Ni  -0.058 04167 0772”7 0285 0816~ 04717
THE0.01 ZKF RIREI R EHITE; L 0.05 /KF RIAF] R EHIE

e i IEAH K
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Fig.2 Uptake amounts of heavy metals by T taxirameum\ P. sphaericum, M.polymorpha and their changes with concentrations of 8 sampling sites
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Monitoring heavy metal pollutions in Chengdu atmosphere
using terrestrial bryophytes

GE Yanshuang, CAO Yilin, ZENG Chunhan, LI Zhiqiang, WANG Li*

College of Life Sciences, Sichuan University, Chengdu 610065, China

Abstract: Terrestrial bryophytes were used as biomonitoring plants to investigate the status and spatial distribution pattern of heavy
metal pollutions in Chengdu atmosphere in.the present study. Five species of terrestrial bryophytes were collected evenly at 15 sites
within the third-ring road of Chengdu, and concentrations of seven different heavy metals were determined by ICP-AES after
microwave digestion. It was showed five bryophytes had strong adsorptive ability to Pb, Cd, Cu, Zn, Cr, As and Ni, However,
different terrestrial bryophytes concentrated heavy metals significantly differently among interspecies and intraspecies, with an order
of Physcomitrium sphaericum (Ludw.) Fuernr. > Marchantia polymorpha L. > Taxiphyllum taxirameum(Mitt.) Fleisch. >
Brachythecium moriense Besch. > Eurhynchium eustegium ( Besch.) Dix. The growth environment, the structure and biological
characteristics of bryophytes were probably contributed to the difference in their absorptive capacities. Intraspecies comparison
showed that P. sphaericum collected in Renmin Park had the strongest absorptive ability to Cd, Zn. P. sphaericum collected in Three
Holesbridge Park had the strongest absorptive ability to Cr, Ni, Cu. P. sphaericum collected in Ta Zishan Park had the weakest
absorptive ability to Pb, Cd, Zn, Cr. The concentrations of Pb, Cd, Cu in M. polymorpha were the highest in Renmin Park., and the
lowest in Chengdu University of Technology. 7. taxirameum,collected from Xin Zhengdi Golf Club had higher concentrations of Cd,
Zn, Cr, Pb than that from other sites. While the concentration of As were the hightest in Dongpo Sports Park, and the lowest in Three
Holesbridge Park. Our results indicated that environment had significant influences on the absorptive ability of bryophytes to heavy
metals. With respect to the pollutions of different heavy metals, Ni pollution was the most serious, Pb, Cr, Cu and As were medium,
and Cd and Zn were the lightest in Chengdu. Moreover, pollutions of all heavy metals showed more seriously in centeral city, heavy
traffic areas and industrial zones than that in suburban districts indicating that the heavy metal pollutions were mainly caused by
vehicular traffic, smelting industry and fossil fuel combustion. The present work indicated that the pollutions of heavy metals in
Chengdu atmosphere was still serious compared with a previous survey in 2005. In conclusion, our results demonstrated that
Psphaericum, M. polymorpha and T. taxirameum could be treated as efficient biomonitoring plants for monitoring the degree and
district diversity of heavy metal pollutions in atmosphere.
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