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Abstract

In nature, the overall effect of heavy metals on the biota can be influenced by a number of
environmental factors like soil characteristics and air pollution by elevated CO,.

Pillbugs(Isopoda, Armadillium vulgare) take up heavy metals with their food and store them
mainly in the vesicles of hepatopancreas. They accumulate certain metals, occuring in relatively
large numbers, are easily collected and identified. Therefore, it has been suggested that total
body concentration of metals in pillbugs could be positively correlated to the levels of
environmental exposure and that pillbugs could be used as biological indicators of metal
pollution and global change by CO.,.

The aim of the study is to determine effects of heavy metal concentrations in soil and
elevated CO, on pillbugs'body accumulation of heavy metal and growth rate.

In this study, pillbugs were collected at five sites (N=287) May 2006. Cu and Zn
concentrations in pillbugs were higher than in soils (1.39-41.70 times) than in control. The high
bioconcentration of lead in Sangam may be partly associated with reclaimed land uses. Pillbugs
in low CO, and Pb condition showed higher growth rate than in elevated CO, and Pb
condition.
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A group : Pb Omg/kg, COy 380ppm

B group : Pb 500mg/kg, COy 380ppm

C group : Pb Omg/kg, COy 760ppm

D group : Pb 500mg/kg, COy 760ppm

49 19} 232 ol WEYOD] 14 4
2 20059 7¥-84, 22H= 20059 10¥-11Y
off AlEE I 13bs B S-S S0l F9
stoich 3hE HE e entelzt HA skl Zt
7RA ol TestorsAte] lead—free U ==



=/ 7 5 CO, ¥ EY 5 Pbs= B/t S

Hj|2| dEnt S| A Pb EX0f DIXl= S0l 28t A 541

markingd}o] F-E0]

G Siolch 23k B AY 87 59l 7
d% 3H 1A 1002 215440 0) marking
AL 319 F U

A, 71, F AHENS Fetgen 22 Ade

g
7S Aol A Skl om XAt
0.5mmeoltt, FA= 24 =5 0.001@3] AL=

T mgl & ikt AdAE(Growth rate)

oo™ Coil 002 s, o 2
initial

o+ Y A Fe R 13ke] A9 7t JjA Q]
AR 7o H 2UR AEBFIUT, 2709 7
97 20 A, 7], & 3be Aol 4EE
& Felelct

5% A% 0 £ Pb o|5L
57| Slstol Eof % Fuele] Pb 5EE 24

q
shoich el A9 AA A3 AY AR F 9

5.8 &M

& AddoA dojxl Aol FAISH o4 A
4.& SPSS(ver. 12,0K) program ol§ste] A
Alstaiet, s 4 #5AEY Z*%’H AL
Al om AR E v A 12} A A
& 27 AgE QT el fogt z]—0]7]- 9=

32 r

way ANOVA testE A|33}

Sow(P €0.05), AFF 42 Duncan s multiple
range testS ARSI 221 AF Q] F$ A7t
£ 389 7 A AR Hstke] fofgt &
017} UsA] dotry] fiste] RHESA dHujA]
BEAHEL M (Repeated Measure ANOVA)E ARE-3}
_4‘24 (P €0.05), A% AAL Tukey s testE At
&atoitt, 54 Ade BH L EZHAR YERYS)

sampled} 123 & Eoko] ]34 A&dat ph
ZE s% HILE 9J8) two sample t—testE AHE-
BHATHP €0.05).

Table 1. Average growth change rate of Armadillium vulgare samples

Body weight (mg) Length (mm) width (mm)
Initial After Growth Initial After Growth Initial After Growth
1 month | change (%) 1 month | change (%) 1 month | change (%)
A | 11.4+45 17.8+4.1 67.5 831206 8.0+1.2 0122 33106 28+1.0 D404+
B | 12.6+58 16.8+4.9 48.5 7.0+14 7.4+0.6 9.1 2.8+0.3 26406 DG g
C | 103+4.1 14.6+3.7 50.2 75%19 75%1.7 6.4 3.0+0.8 27+1.0 218.5%
D 08+4.2 | 153152 63.7 7.1+1.6 7.24+0.8 7.0 27404 24406 14,7

A: Pb Omg/kg, CO, 380ppm; B: Pb 500mg/kg, CO, 380ppm; C: Pb Omg/kg, CO, 760ppm; D: Pb 500mg/kg, CO, 760ppm

*P<0.05, *P<0.01, *™P<0.001
4 Minus growth rate
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Table 2. Average growth change rate of body weight of Armadillium vulgare samples

Days Initial 3 6 9

16 20 24 28 31

*A 21.30+7.80 | 23.67+6.80 | 24.07+6.87 [ 23.7347.93| 23.20+8.77 | 25.14£7.71 | 26.00+9.54 | 25.71£7.45 | 22.00+2.94 | 22.00+2.58

numbers 20 18 16 16

15 14 14 14 14

B 19.35+4.68 | 2041+4.80{20.31£4.84 | 20.75+2.82| 19.67£4.03 | 19.20+3.96 | 188043.70 | 20.50£3.87 | 22.00+849 | 19.50£4.95

numbers 20 17 17 17

16 15 14 13 13

*C 18154540 17.004556 | 16.2745.53 | 16.75+6.61 | 1843+7.81 | 17.33+9.09 | 18.33+8.50 | 20.20+7.29 | 19.75+842 | 20.75+9.54

numbers 20 19 19 18

16 16 15 14 14

D 16.05+5.33 | 1892+4.03 | 1850+4.87 | 19.14+5.08 | 19.60+5.27 | 20.00+6.38 - - - -

numbers 20 16 15 14

10 0 0 0 0

A: Pb Omg/kg, CO, 380ppm; B: Pb 500mg/kg, CO, 380ppm; C: Pb Omg/kg, CO, 760ppm; D: Pb 500mg/kg, CO, 760ppm.

All Armadillium vuigare in D group died after 20th day.
*P<0.05,*P<0.01, **P<0.001

Table 3. Average growth change rate of length of Armadillium vulgare samples

Days Initial 3 6 9

16 20 24 28 31

A 7784079 | 7752071 | 7934078 | 7824093 | 7.75£1.03 | 8141085 | 829£0.99 | 8.07+0.79 | 7.50+0.41 | 7.75£0.65

numbers 20 18 16 16

15 14 14 14 14

B 753£0.00 | 7.15+058 | 7.2740.63 | 7.38+0.23 | 7.33£0.61

750£0.601 | 7404042 | 7.3840.25 | 7.75+1.00 | 7.50£0.71

numbers 20 17 17 17

16 15 14 13 13

*C 7231091 | 6.71£0.94 | 6914092 | 6.83£1.06 | 6.80+094 | 6.83£1.17 | 742+172 | 7.20£0.84 | 7.50+1.29 | 7.50£1.58

numbers 20 19 19 18

16 16 15 14 14

D 0.8510.84 | 7.12£0.62 | 7.13+0.69 | 7.21£0.64 | 7.30£0.84 | 7.63+0.75 - - - -

numbers 20 16 15 14

10 0 0 0 0

A: Pb 0Omg/kg, CO, 380ppm; B: Pb 500mg/kg, CO, 380ppm; C: Pb 0mg/kg, CO, 760ppm; D: Pb 500mg/kg, CO, 760ppm.

All Armadillium vulgare in D group died after 16th day.
*P<0.05, *P<0.01, **P<0.001



23 - Old=E / 71 5 CO, R EY 5 Pb 5= 570t 3¢

2ol & S MU Pb X0l 0jxl= Fatoll &3t S 543

Table 4. Average growth change rate of width of Armadillium vulgare samples

Days Initial 3 6 9

16 20 24 28 31

A 3334037 | 3414049 | 3434047 | 3414049 | 3401052 | 350+0.65 | 3.570.53 | 3714049 | 3.25+0.50 | 3.38+0.48

numbers 20 18 16 16

15 14 14 14 14

B 3.15£0.29 | 3154029 | 3.19£033 | 3254027 | 3.17£041 | 3.10+0.22 | 3.10£0.22 | 3.13+0.25 | 3.25£0.35 | 3.2540.35

numbers 20 17 17 17

16 15 14 13 13

*C 313£0.51 | 2924042 | 3.00£0.39 | 2944042 | 2934045 | 292+0.74 | 3.17£0.61 | 3.10+055 | 3.25£0.65 | 3.38+048

numbers 20 19 19 18

16 16 15 14 14

D 2931034 | 3.04+1.72 | 3131035 | 3.15+0.38 | 3201045 | 3.00+0.41 - - - -

numbers 20 16 15 14

10 0 0 0 0

A: Pb 0Omg/kg, CO, 380ppm; B: Pb 500mg/kg, CO, 380ppm; C: Pb Omg/kg, CO, 760ppm; D: Pb 500mg/kg, CO, 760ppm.

All Armadillium vulgare in D group died after 16th day.
*P<0.05, *P< 0.01, **P< 0.001
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Table 6. Concentration of Pb in soil samples

Safll e Total Soluble | Exchangeable
(Lg/®) (Lg/®) (kg/®)

Initial-Pb Omg/kg | 149+19 | 0.5+0.01 | 7.2+0.1

A 7.51£0.9* nd 3.8+0.7

C 6.8+0.7* nd 34402
Initial-Pb 500mg/kg | 498.5+5.4 | 47+05 |94.24+19.5
B 398.5+1.4" 35402 |752%154

D 4244+1.8* 27407 | 88.5+2.7

A: Pb 0mg/kg, CO, 380ppm; B: Pb 500mg/kg, CO,
380ppm; C: Pb 0mg/kg, CO, 760ppm; D: Pb 500mg/kg,
CO, 760ppm.

*P<0.05, *P< 0.01, **P< 0.001

Table 7. Pb concentration after 31 days in Armadillium vulgare

AR COy =7t EY 5 A& Pb s&od= Time(days) |Pb total increase after 31 days (ug/g)

A FEF= AA BSTHE 6). §HE S 7 A Initial 0 0
Yol %25k Pb & B3 D] A7kl A 9 0
A 20 0
Table 5. The change of pH, organic matter(OM), and cation 31 0

exchange capacity (CEC) in soil samples 9 109+0.1

Soil pH MC OM CEC B 20 55.9+45.6

sample (1:5 %) %) (meq/100g) 31 66.1+7.2
Initial | 4.2+0.2 72+02 | 28+1.0 20107 9 0
A 50+0.2 | 10.0£22 | 28£05 | 3.5£0.4™ C 20 0
B 40£05 | 98+£05 | 25+£04 | 32+05* 31 0

C 45+05 | 88£15 | 29405 | 42£05* D 9 0.8+0.1

D 3.9+0.7 85408 | 26+08 | 40+0.8* 20 81.1+3.1

A: Pb Omg/kg, CO, 380ppm; B: Pb 500mg/kg, CO,
380ppm; C: Pb 0mg/kg, CO, 760ppm; D: Pb 500mg/kg,
CO, 760ppm.

*P<0.05, *P<0.01, **P<0.001

A: Pb 0mg/kg, CO, 380ppm; B: Pb 500mg/kg, CO,
380ppmy; C: Pb 0mg/kg, CO, 760ppm; D: Pb 500mg/kg,
CO, 760ppm.

*P<0.05 *P<0.01, **P<0.001
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