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A Correlation Between Enrichment Characteristics of Lead in Different Particle—size Fractions of Soil Aggre—
gates and Lead Concentrations of Leafy Vegetables
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Abstract: This work was conducted to investigate the characteristics of lead(Ph ) in different particle—size fractions of soil aggregates. Soil
samples with a range of chemical and physical properties were collected from 22 rural regions of China. Pb in soil aggregates from different
particle—size fractions were compared with the its contents in edible amaranth (Amaranthus mangostanus 1..) and water spinach(Ipomoea
aquatica Forsk ) grown on soils in a pot experiment study. Soil aggregates were partitioned into five particle—size fractions: coarse sand(2~0.5
mm ), medium sand(0.5~0.125 mm ), fine sand(0.125~0.05 mm ), silt(0.05~0.002 mm) and clay(<0.002 mm ). It was clear that Pb were not
homogeneously distributed over the various particle—size fractions, suggesting that particle size exercises a determining influence on the parti—
tioning of heavy metals. Concentrations of Pb in different fractions ranged from 71.3~2245.4 mg-kg™. According to particle distribution of the

tested soil samples, it can be calculated that concentration proportions of Pb in different particle fractions were 1.98%~22.15% in 2~0.5 mm
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fraction, 1.98%~22.15% in 0.5~0.25 mm fraction, 3.29%~38.41% in 0.25~0.05 mm fraction, 4.94%~68.17% in 0.05~0.002 mm fraction and

2.30%~56.50% in <0.002 mm fraction. Generally in 14 soils, Pb tended to enriched into finer particle—size fractions, resulting in the most

metals accumulate in the clay. In other 8 soils, Pb had bimodal distributions across the particle—size fractions, i.e. the metals tended to accu-

mulate in the clay and one sand fraction of the soils. Correlation analysis showed that pH, organic matter, CEC and amorphous Fe oxides had

significant influence on the enrichment index of Pb in different particle—size fractions, and soil aggregates with silt size were found to be the

major fraction responsible for Pb adsorption in leafy vegetables. From the soil textural data, it was possible to infer the relative importance of

the fractions with respect to their contribution to metal availability.

Keywords: soil aggregates; lead; leafy vegetables; distribution; adsorption; correlation
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Table 1 Selected properties of tested soil samples
RS TAE HiX District 257 Soil type pH OM/g-kg’  CEC/emol-kg”  Fed/g-kg" Feo/g-kg™ Ph/mg-kg™
S1 & RALRS ESCN 4.46 15.73 11.26 17.68 1.61 31.22
S2 JTVEEE T TRET I 4.56 1233 8.52 34.10 6.04 22.68
S3 S BT I 4.62 19.33 12.31 31.57 1.94 40.11
S4 PN A LT3 5.11 8.64 10.36 40.88 2.13 2237
S5 LTI s 5.37 16.81 12.74 11.95 1.67 32.64
S6 WRE AR IKFE 5.37 27.43 12.46 40.89 3.01 60.42
S7 HARA W 1 5.53 62.25 25.54 12.60 3.07 25.77
S8 MwIN: gy 6.08 16.37 9.68 21.18 1.83 28.64
9 [ifzie HH At 6.72 81.78 26.37 26.06 5.89 25.31
S10 T E N iFAR: 6.76 18.41 3.61 55.16 1.11 16.77
St1 bitagiatll W 7.08 25.23 17.35 23.99 1.43 75.64
S12 VAR ks SRS 7.41 30.77 19.91 10.64 2.64 26.44
S13 JUPE AN AR 7.53 21.78 8.68 34.44 1.33 65.33
S14 TR IS I 7.76 25.93 15.86 16.99 5.90 22.49
S15 RHEHC i1 7.81 10.51 14.05 12.89 1.17 29.61
S16 FMOBL EANT . 7.83 9.09 8.14 5.88 0.38 16.83
S17 AL (RN 7.90 13.54 14.81 4.14 0.56 20.41
S18 YL IR M ikt 7.97 22.81 12.88 20.66 3.99 20.37
S19 k=2 RS+ 8.04 14.34 6.31 4.96 0.26 19.71
$20 PRS2 o I A 8.17 22.33 12.11 4.40 0.15 21.36
S21 B R b+ 8.18 6.18 455 5.29 0.35 17.53
S22 SRS pieiike 8.27 11.27 20.49 6.85 0.32 19.16

T OM R A MU, CEC /R FHES T3t , Fed FORIFES AR, Feo FORiBE ALk, LUTTH .
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Table 2 Distribution of soil aggregates fractions separated from tested soil samples(g-kg™)

+rEg S Hi X District HH Soil type 2~0.5 mm 0.5~025mm  025~0.05 mm  0.05~0.002 mm < 0.002 mm
S1 R £t 91.5 85.9 68.6 601.3 152.7
S2 STV T iAR: 743 82.7 99.1 352 391.9
S3 B e 107.8 71.7 88.0 462.9 269.5
S4 TN AR 4 100.5 152.2 81.1 2429 4233
S5 fuay | kil 154.3 133.2 76.4 336.2 299.9
S6 T A H KAE+ 156.6 75.4 75.7 520.3 172.1
S7 RS I8 Lgs 28.7 173.5 196.6 376.2 225.0
S8 VLI Dy 27 128.6 137.4 608.7 98.3
S9 [iFE g FH L 75.3 312 248.9 2743 89.5
S10 TG M AR 158.8 85.1 110.6 253.1 392.4
S11 e AR I 50.4 105.5 122.5 320.5 401.1
S12 TR FEI RS 57.4 180.1 1425 301.4 3187
S13 I VA LT 78.3 119.6 110.4 333.1 358.6
S14 Gl VAR ks [y 110.4 194.8 143.6 461.6 89.5
S1s RHSFIL T 169.1 116.5 74.1 481.1 159.2
S16 HARRGT EN 261.3 120.1 159.6 298.0 161.0
S17 WA R s+ 221.1 176.7 157.8 275.6 168.8
S18 TLARTRM we 117.9 141.2 136.4 347.1 257.4
S19 LR =Ll RS+ 223.7 180.3 320.1 192.3 83.6
$20 P 5 oty I R T4 - 56.5 207.5 163.8 472.0 100.2
S21 W RS PRt 294.5 131.8 180.9 202.7 100.1
S22 (SRS i 71.9 155.9 116.3 534.2 121.6
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Figure 1 Pb distribution of tested soil aggregates by particle size
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Table 3 Enrichment indexes and concentration proportions of Pb in different particle—size fractions of soil aggregates from tested soils

- HE Soil 2~0.5 mm 0.5~0.25 mm 0.25~0.05 mm 0.05~0.002 mm < 0.002 mm
BERMC Gemid EERN Semid SRR Semisl g Semiil SERE Seris
S1 0.89 8.14 0.23 1.98 0.48 3.29 0.97 58.33 1.85 14.50
S2 0.21 1.56 0.25 2.07 0.38 3.77 0.67 23.58 1.76 57.51
S3 0.22 2.37 0.29 2.08 0.47 4.14 0.94 43.51 1.77 40.37
S4 0.28 2.81 0.33 5.02 0.63 5.11 0.81 19.67 1.59 56.50
S5 1.45 22.37 0.3 4.00 0.44 3.36 0.52 17.48 1.76 47.39
S6 1.08 16.91 0.41 3.09 0.66 5.00 0.39 20.29 3.19 45.27
S7 0.42 1.21 0.57 9.89 0.67 13.17 0.51 19.19 2.52 45.75
S8 1.22 3.29 0.26 3.34 0.56 7.69 1.12 68.17 1.79 10.41
S9 1.33 10.01 0.71 22.15 1.13 28.13 0.18 4.94 3.87 19.83
S10 0.46 7.30 0.29 2.47 0.61 6.75 1.41 35.69 1.22 37.71
SI1 0.41 2.07 0.51 5.38 0.62 7.60 0.74 23.72 1.53 51.77
S12 0.31 1.78 0.59 10.63 0.98 13.97 0.22 6.63 2.10 54.56
S13 0.38 2.98 0.54 6.46 0.64 7.07 0.58 19.32 1.79 49.61
S14 0.24 2.65 0.39 7.60 0.83 11.92 0.63 29.08 5.45 36.92
S15 1.11 18.77 0.50 5.83 0.61 4.52 0.91 43.78 1.70 16.70
S16 1.07 27.96 0.42 5.04 0.86 13.73 1.00 29.80 1.46 9.65
S17 1.31 28.96 0.47 8.30 0.74 11.68 0.98 27.01 1.44 14.23
S18 1.39 16.39 0.46 6.50 0.72 9.82 0.24 8.33 23 4481
S19 0.52 11.63 0.61 11.00 1.20 38.41 1.35 25.96 1.55 2.30
S20 0.27 1.53 0.50 10.38 0.93 15.23 1.07 50.50 2.24 9.24
S21 0.56 16.49 0.62 8.17 0.78 14.11 1.52 44.49 1.68 9.70
S22 0.33 2.37 0.64 9.98 1.16 13.49 1.11 59.30 1.22 6.39

T B EREEA T Ph 54t (mg- kg™ )/ L4 Ph(mg-kg™) s At L@l =i200r 0 1 Ph 51 (mg kg™ ) xIZARLIL % 1t (g kg )/1000/ 1 4

i Pl)(mg'kg’l)xloo%

by ARSI REE A PR KA 5 A2 A
111 S AE R AR P . HLUBURZ R Ph (9 4R 8
AR S MR A USR5 , —LEmF SRS R Lt 4 A
RELAG TSR A N RS A LI LA P SR AR 2071, 13
WKL HLIS (POM ) 245 K42 KT 0.05 mm (Y 1 43
AR5, S SR SR AR ) - SR A o e Al ) A
[ 70— 2K L AR R AR LT P A s A BIL MG
VAR R A BRI R E E AT POM &5
RPN B WU = 4 LRV |- A i e
HATWAF R G Jm A P E S5 POM A
SR E RS TEA UM AT AR — R A KA R P Y
TP TR A , X LA S Tt A
Ja P et nl S P R R AE Y R AR (B POM ) —
MR 30 & A B & BRI E G 5 O — R SR
TEYV AR A S 1 o R e 3 i IR BRI 2% 5
PRI e P A TG, T L A2 73 P Y
HAe BB E POM 41451,

2.2 AERABRMHRIRAS Pb EE R0 EF
R A RIS Pb & 4 R B kR 1
A PRI 2 R A G AT s R L3 4. ATLLE H,
2~0.5 mm MR AL B4R Ph 15 5 R 505 452 T )
FIAR SR R 18 31 B MK F,0.5~0.25 mm b4
M5 pH ,OM 1 CEC fUAHSEMEAE 5% B 1K F-

4 LIEARMRES T P EERY
5 TSR EEEX S
Table 4 Correlation analysis between enrichment index of Pb

and soil properties

FiZK Particle fractions pH OM CEC Fed Feo
2~0.5 mm 0.036 0.121  0.072 -0.174 0.010
0.5~0.25 mm 0.667" 0432 0480° -0455" -0.111
0.25~0.05 mm 0.686™ 0279 0324 -0.463" -0.125
0.05~0.002 mm 0222 -0.599" -0.627" 0.157 -0.679"
< 0.002 mm 0.012 0550 0420 0.043 0.719™

R P<0.001, " 2R P<0.01,” 7R P<0.05. TR
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VI b, 5 s A b Bk 2 A OGO R (P< 0.05), 0.25~
0.05 mm 4iFPLH B R AAR S pH L 1EAH 5 (P<0.001), 5
T Ak A 26 (P<0.05), 0.05~0.002 mm #37
AR OM CEC FIid M A A4 A 56 (5%
ML) . <0.002 mm B2 B RS OMAI
Feo MI1EAHIE(P<0.05),

AR BT 25 3 0T LU, pH X Fh b A4
W2 3 1 A SRR N Ph 1 s SEBE 1A B M
i), OM i b R A 20 AT SR A Pb (195 4 .CEC X rh
WL AT RAK Ph & S A S VR . pH 2 L L
SRR ER A S, 358 pH B, ) g ok
Y1 OKGAEARY) B LB R T Y 7 HL AT AL 2 X Ph
W R e bl 46 o = pH (B A ) T 4 Jm R
AN, BEAR TR R S ey, AR T A
RAURXT PO BRI . 53 A0, OH 38 L il 55 17
HX S S se 4, 4 T HIEAYUR-E 4R 4%
BnRe et AR S B 38X Ph> i it BE >,
A HLJ ) 5T R 43 LA HILASTRL B AT L
BB AR S H IR ARs L R A A TCHLA
WAHSS G T8 A MU AT HL-TCHLE A iR, Hiik
BN T -3 SR AR R A 1, (AT - R T T B
JIREA LB RS g . i T - SR A R T2k
T ANULE Y, & A 2R & A Re A, AR AL B
IR S K MBS )RR RS GG
SN, # A R FHE ST Ph () EERE ST B A PSS
HAAREESEIE=, CEC S T Ay i fLff
CEC 7k 57 D] 70 P o 2t B 5, 368 0 7 P O B T 4 1 3
PSRRI T ) Ph> ik 22,

WAL, W5 3R I I AR A R s 2 1A SR Ak
Pb &R R O N R —. AR R
2 AT R A 3 P 4 T PR R AR LA Te e TR )
Tl AR T AR, 20 X I LA/ A R 32, A7 AE K i
DPUTEADLFY BT, X R 10T AR LR b 45 it B
25 HGR TR KRR i R 38 x84 Ja 25 - i [l ¢
AEJI™Y, R, 15 P S AR AE Ph Zki2H A1 R IK N & 4
R R AR,
23 AEIMFARME Pb 225 ML Pb I
Z EHX R

PRI SRR J5 I e A R P & it L3R 5. TSk
H Pb &1k 0.399~5.092 mg-kg™! i, 5.0
H80.243~2.679 mg kg™ fE T, HRIETR A5 DAERR
HE(GB 2762—2005 ) , M35 255 3% Ph IR R 0.3
mg kg™ BEEE, N 4 ATLLE Y, 158 P & &85

xS B TEMIEME Pb E8(mg kg BEF)
Table 5 Mean lead concentrations of leafy vegetables

grown on tested soils

S S 31 e 2503
4’5 Soil type  Amaranthus mangostanus L. Ipomoea aquatica Forsk
Sl L 5.092 + 0.132 2413 % 0.152
s2 A 4738 + 0.298 2.558 + 0.189
3 Wt 3.744 £ 0.112 2.679 + 0.206
S4 2T 3.651 + 0.252 1.841 + 0.087
S5 Tk 5.420 + 0.228 2.165 + 0.126
S6 AL 3.527 + 0.130 2.229 + 0.081
ST L 1.898 + 0.123 1.070 + 0.049
S8 ARt 3.535 = 0.233 1.674 + 0.075
S9 g 0.399 = 0.024 0.243 + 0.011
S10  WfgdeE 3.004 + 0.165 2.189 + 0.164
St 4G+ 3.538 + 0.205 1.243 = 0.062
S12 2.233 + 0.107 0.818 + 0.063
S13 4+ 1.909 + 0.094 1.428 + 0.051
S14 ¥Rt 2.592 + 0.176 1.517 + 0.080
S15 %t 3.421 =+ 0.079 1.526 + 0.047
St6 kgt 3.738 + 0.262 1.928 + 0.081
S17  Hifit+ 4.285 + 0.193 1.933 + 0.137
SI8  fikeri 1.609 + 0.039 0.891 + 0.070
S19 2217 + 0.086 0.939 + 0.049
S20 AR 2.293 + 0.078 1.576 + 0.047
S21 g 2.759 + 0.086 1.283 + 0.172
S22 HUAm A 2.232 + 0.098 1.112 + 0.038

3 GARUEN , SN2 03¢ Ph & 3l AR , e {E
ORAAE] T BRE (R 17 A5 O 7%, X BER] s A s

DAL B AR IR MR, ANE T FE 2 )R
IEE SR A

Kot rp IRy Ph 5 i 5 ISR RIS Ph
P TAHSEHT, AR WA 6. FTLIE Y, kg
f9 Pb S G PIANIM 3K Ph & 2 (AR F T 2 1E A

6 TIERENRESH P 2 5HFRIL Ph Z BIAIMHEX
Table 6 Correlation coefficients(r) between contents of total lead
or Pb by different soil particle size and concentrations

of lead in plants(n=22)

Particle fractions Amaranthus mangostanus L. Ipomoea aquatica Forsk
2~0.5 mm 0.220 -0.006
0.5~0.25 mm —0.708%#* ~0.839%**
0.25~0.05 mm —0.717%%* —0.795% %
0.05~0.002 mm 0.557%* 0.521%
< 0.002 mm -0.274 -0.188
et 0.342 0.361
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K (P<0.05), Brfirf Ph & 5 SE B I G .
FIFSFEPIIF TR R 2 14T S AR o 4 S 1 W T
77 B 0 RO , A 2 S e
LASCECR e i TR NEIE LU NOEE YN P ey i
DSBS S B TR , AT RE SN EE 4 e
RIS , 3 AR AP XU o

3 g

Ph fE A UKL I3 v B o0 A FE AN )
XS T P FE IR 3 A AT WE LR . Ph AT
14 b - AN [R5 DA 2R T v £ A1 R BB 3 2 70
(SIS UNITE ST T <R - A2 NiDJEIE JU N R 2/
Ph MR e 155 8 Fh L3, Ph fEA )KL
PATR R rp BEBUOSUE AT, BRAFRLZEL TR K Ph i BH
AR LISN HIRDZH A R IAA Ph EHEMIER . pH A
US| FH S 7S 4 b R PSP RO S [R5 P 2R A
HhPh (R S R B R . BRI AT R A Ph
175 i S ISR Ph IS A G
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