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Effects of Combined Pollution of Lead and Benzo[ a ] pyrene on Seed Growth of

Wheat in Soils
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Abstract : Seed germination,root elongation,shoot elongation and ratio of shoot to root of wheat in soils polluted by lead (Ph) and benzo
(a)pyrene (B[ a]P) with medium-low concentrations were studied to reveal the ecological effects of combined pollution and screen the
indicative markers. Results indicated that seed germination was not sensitive to single or combined pollution of Ph or B[ a] P. Root
elongation was inhibited by single pollution of Pb or B[ a]P to different extents. Extensive interactions between Pb and B[ a]P occurred
to root elongation of wheat, including synergistic-stimulatory effect and antagonistic-inhibitory effect. The joint action was mainly
antagonistic. Single pollution of B[ a ] P had an inhibitory effect on shoot elongation. Under combined pollution conditions, the shoot
elongation of wheat correlated well with Pb contents (p <0.01). B[ a]P or the interactions between pollutants had little effect on shoot
elongation of wheat. The joint action on shoot elongation was consistently antagonistic. The response pattern of the ratio of shoot to root
was similar to the response pattern of shoot elongation. However, the former had better correlation than the latter, indicating it as a more
suitable indicative marker for Pb pollution. If lead acetate was employed instead of lead nitrate, longer root elongation, shorter shoot
elongation and no effect on ratio of shoot to root were found. Therefore,the forms of Pb salt had significant influence on seed growth of
wheat in soils.
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[9,10]
o (0~20 cm ), ,
[11~13] . 2 mm
, 1.
Pb-B[a]P N 1.2
, Pb-B[a]P 2 5 ,Pb
, . 0.100,200,400,800 mg kg,
1 B[a]P 0.0,0.1,0.4.1.6,6.4
mg/kg. ,
1.1 , 27
B[a]P Sigma ( >99% ) ; , 2.
1
Table 1 Some physical and chemical properties of tested soils
TP TK TN ocC T-Pb Bla]P CEC pH
0.063% 0.196% 0.078%  1.21% 35 mg/kg 12 pg/kg  17.60 emol/’kg 7.3 54%  33% 13%
2 /mg kg ™! 4 d. >65% | .
Table 2 Contents of pollutants added in soil samples/mg-kg ™" 20 mm
Bla]P Pb Bla]P Pb 10
Kl 0 0 K15 6.4 200 ’
K2 0.1 0 K16 0 400 150 ¢
K3 0.4 0 K17 0.1 400 300 mL , 4 d
K4 1.6 0 K18 0.4 400
K5 6.4 0 K19 1.6 400 ’ ’
K6 0 100 K20 6.4 400 3 ’ 81
K7 0.1 100 K21 0 800 1.3
K8 0.4 100 K22 0.1 800 .
K9 1.6 100 K23 0.4 800 ) !
K10 6.4 100 04 L6 200 . SPSS 11.5 Microsoft Office
K11 0 200 K25 6.4 800 Excel 2003 Duncan
K12 0.1 200 K26 6.4 400 +400") [14]
K13 0.4 200 K27 6.4 800"
K14 1.6 200 2
1)
2.1 Ph.B[a]P
Pb/B[a]P
600 g 27 2 3,
B[a]P ( ), K27 , K11 K23 K24 ,
, KI.
, Pb-B[a]P
3, ,
60% [11,12]
. 10 Pb 800 mg/kg
150 g 300 mL , . e

60% , 25°C
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. 800 mg/kg , B[a]P
, , ; (p<0.05).
. Henner ' , Pb B[a]P s
’ b
(3 ~5 ) )
3 Pb-B[a]P D )
Table 3 Seed germinations of wheat exposed to combined pollution
D) D 4
of Pb and B[ a]P in soils 4 Pb  B[a]P
/% /% Table 4  Two-factor analysis of variance for the root elongation
K1 96.7 +5.8 ab K15 86.7+23. 1 ab of wheat exposed to Pb and B[ a]P
K2 86.7 £5.8 ab K16 83.3+20.8 ab P
K3 90.0 +0.0 ab K17 80.0+17.3 ab
K4 93.3+5.8 ab K18 96.7 £5.8 ab Pb 4 1.739 4.187 0.005
K5 93.3+5.8 ab K19 90.0 0.0 ab B[a]P 4 0. 151 0. 363 0.834
K6 83.3=11.5ab K20 93.3+5.8 ab 16 0471 135 0.351
50 0.415
K7 90.0 +0.0 ab K21 90.0 +10.0 ab
K8 93.3+5.8 ab K22 90.0 +10.0 ab
K9 86.7 £5.8 ab K23 76.7+£15.3 b .
K10 93.3+5.8 ab K24 76.7+15.3 b [1,17,18)
K11 76.7 £5.8 b K25 93.3 +£5.8 ab
K12 86.7 +5.8 ab K26 86.7 £11.5 ab ’
KI3  86.7+5.8 ab K27 100.0 £0.0 a Pb.B[a]P 5
K14 83.3+11.5 ab 2
1) p<0.05 (n=3)
Pb-B[ a]P , Pb  B[a]P
2.2 Ph B[a]P , Ph
B[a]P Bla]P
Pb  Bl[alP 1
4 , Pb , Bliss o
Pb-B[a]P , 6
. B[a]P o Pb-B[a]P
Pb Bl[a]P , 1(a) . 1(f) ,
Pb B[a]P ,
: Bla]P
1(b) ~1(e) ,
B[a]P ) Pb Moreau "
, Bla]P ) ,Van den Hurk'*”
, Pb-B[a]P B[a]P i )
Bla]P 6.4 mg/kg Pb ,
(p <0.05). 1(g) ~1(j) Pb Bla]P
100 ~400 mg/kg B[a]P P450 ,
, 400 mg/kg Ph B[a]P (21~-23] ,
5 Pb B[a]P
Table 5 Relationships between growth of wheat and contents of Pb and B[ a]P in soils
1) 2) F 2) 2)
y = 5.70 +0.000 224 x Pb x B[a]P —5. 41 x B[ a]P/Pb 0.729 12.5 0. 000 237
y = 2.98 +0.003 33 xPb 0. 870 71.5 1. 63E-8
y = 0.574 +0. 000 440 x Pb 0. 882 87.7 1. 17E9

1)Pb ;2) n=25
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6 Pb  B[a]P
Table 6  Joint actions of Pb and B[ a]P on inhibition of root elongation of wheat
Pb /mg-kg ™! /%  Bla]P /mg-kg ™! /% Pb+B[a]P/mg-kg ™" /%
100 3.5 0.10 11.6 100 +0. 1 1.3
100 3.5 0. 40 9.5 100 +0. 4 -0.3
100 3.5 1. 60 4.4 100 +1.6 10.5
100 3.5 6. 40 17.7 100 +6.4 3.3
200 0.9 0.10 11.6 200 +0. 1 5.4
200 0.9 0. 40 9.5 200 +0. 4 5.7
200 0.9 1. 60 4.4 200 +1.6 10. 6
200 0.9 6. 40 17.7 200 +6.4 3.3
400 5.5 0.10 11.6 400 +0. 1 -14.7
400 5.5 0. 40 9.5 400 +0. 4 -3.7
400 5.5 1. 60 4.4 400 +1.6 -4.7
400 5.5 6. 40 17.7 400 +6.4 -8.2
800 2.8 0.10 11.6 800 +0. 1 -0.3
800 2.8 0. 40 9.5 800 +0. 4 -0.4
800 2.8 1. 60 4.4 800 +1.6 -0.3
800 2.8 6. 40 17.7 800 +6.4 -17.7
1)Pb :2) n=25
7 s Pb ,
, Bl[a]P Pb-B[a]P Pb-B[a]P ,
2 Pbh B[a]P Pb
; 2(a) .2(f) Pb 9,
, , Pb (p <
, ;Bla]P 0.01), s
s Bla]P
Pb. 2(b) ~2(e) Pb , Pb
Bla]P . Pb ,B[a]P Pb-B[a]P
2(a) , B[a]P
Pb Bla]P , Bliss
Bla]P ,
Ph (p <0.05) 8 Pb-B[ a]P
2(g) ~2(j) Pb ; ,
B[a]P , Pb ,
7 Pb  B[a]P 2.4 Pb.B[a]P /
Table 7 Two-factor analysis of variance
for the shoot elongation of wheat exposed to Pb and B[ a]P 2.2.2.3 s
F Pb-B[a]P ,
Ph 4 18.6 3.9 0. 000 Pb Pb-B[a]P
B[alP 4 0.910 1. 56 0. 199 ,
16 0. 627 1. 08 0. 401 , ,
50 0.582
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Fig. 3 Plots of the ratio of shoot elongation to root elongation of wheat with contents of Pb and B[ a]P
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8 Pb B[a]P
Table 8 Joint actions of Pb and B[ a]P on inhibition of shoot elongation of wheat
Pb /mg-kg ™! /% B[a]P /mg-kg ™! /% Pb +B[a]P/mg-kg ™! /%
100 17.6 0.10 11.7 100 +0. 1 7.2
100 17.6 0. 40 16. 1 100 +0. 4 0.8
100 17.6 1. 60 5.3 100 +1.6 16. 1
100 17.6 6. 40 19.2 100 +6. 4 1.5
200 1.2 0.10 11.7 200 +0. 1 4.9
200 1.2 0. 40 16. 1 200 +0. 4 3.5
200 1.2 1. 60 5.3 200 +1.6 -2.6
200 1.2 6. 40 19.2 200 +6.4 -14.5
400 0.8 0.10 11.7 400 +0. 1 -58.1
400 0.8 0. 40 16. 1 400 +0. 4 -51.6
400 0.8 1. 60 5.3 400 +1.6 -50.5
400 0.8 6. 40 19.2 400 +6.4 -59.1
800 -47.3 0.10 11.7 800 +0. 1 -49.0
800 -47.3 0. 40 16. 1 800 +0.4 -55.1
800 -47.3 1. 60 5.3 800 +1.6 -67.5
800 -47.3 6. 40 19.2 800 +6.4 -70.4
9 Pb  B[a]P , Pb
Table 9  Two-factor analysis of variance for the ratio of shoot
elongation to root elongation of wheat exposed to Pb and B[ a]P
F 5
Ph , Pb
Pb 4 0.342 44. 11 0. 000
, Bla]P Pb-B[a]P
Bla]P 4 0.015 1.94 0.118
16 0.010 1.33 0.219
, Bliss
50 0. 008
" 10 Pb
10 Pb B[a]lP
Table 10 Joint actions of Pb and B[ a]P on stimulation of the ratio of shoot elongation to root elongation of wheat
Ph /mg-kg ™! /% B[a]P /mg-kg ™! /% Pb+B[a]P/mg-kg ™! /%
100 -7.9 0.10 0.1 100 +0. 1 -0.8
100 -7.9 0.40 1.0 100 +0. 4 -9.6
100 -7.9 1. 60 -6.9 100 +1.6 -12.2
100 -7.9 6. 40 5.8 100 +6. 4 7.9
200 2.7 0.10 0.1 200 +0. 1 0.8
200 2.7 0. 40 1.0 200 +0. 4 4.5
200 2.7 1. 60 -6.9 200 +1.6 20.1
200 2.7 6. 40 5.8 200 +6.4 11.7
400 6.5 0.10 0.1 400 +0. 1 40.4
400 6.5 0. 40 1.0 400 +0. 4 43.4
400 6.5 1. 60 -6.9 400 +1.6 42.2
400 6.5 6.40 5.8 400 +6.4 43.9
800 50.9 0.10 0.1 800 +0. 1 43.1
800 50.9 0.40 1.0 800 +0. 4 57.4
800 50.9 1. 60 -6.9 800 +1.6 68.2
800 50.9 6. 40 5.8 800 +6.4 48.3
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100 mg/kg , Pb
200 ~400 mg/kg , Pb
2.5 Pb , Ph
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b ’ ’
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2 N
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1995.20-21.
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[2] , ,
’ ’ [yl ( ) ,2005 ,23
Pb (1):102-106.
,Pb 31 ... ‘
[1. ,2008,28(2) :147-152.
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) i , 2009,29(2) :
24,251 Pb (7] ) )
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: Pb 5y : : .
s Pb Pb (. ,2005,24(6) :662-665.
Pb [6] .Bap  Cr(VI)
[D]. : ,2008.
11 D
) ] [7] , ,
Table 11 Seed growth of wheat in some soil samples
[J]. ,2005,
/em /em 11(4) :479-482.
K1 5.9+0.1 cd 3.5+0.3 be 0.60 +£0.03 b (8] [a]
K5 4.8+0.8d  2.8%0.6¢ 0.64+0.13 b ' ' ' 0
K25 6.9+0.3abc 6.0+0.7 a 0.90+£0.12 a ' ’
K26 7.3+1.1ab 51£1.0a 0.69 £0.07 b 2008,45(3) :485-490.
K27 7.740.4 a 4.8+0.2 ab 0.62 +0.03 b [9] 1ISO 11269-1, Soil quality-Determination of the effects of
pollutants on soil flora. Part 1: method for the measurement of
1) p<0.05 (n=3)
inhibition of root growth [ S].
[10] 1ISO 11269-2, Soil quality-Determination of the effects of
3 pollutants on soil flora. Part 2. Effects of chemicals on the
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