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Differences in the aging of added lead in three typical soils

SUN Shuo', LI Ju-mei", MA Yi-bing', ZHAO Hui-wei*

(1.Tnstitute of Agriculture Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 2.The
Semi-arid Agriculture Engineering & Technology Research Center, Shijiazhuang 050051, China)

Abstract: To investigate the aging of added lead (Ph) in different soils, three typical soils(red earth, black soil, and fluvo—aquic soil ) were
dosed with soluble Pb and stored for 1, 3, 9, 30, 100, and 360 days. Three extractants (0.01 mol - L' CaCl,, 0.05 mol+ L' EDTA-2Na, and
0.43 mol - L' HNO:) were used to extract available Pb after different incubation periods. The results indicated that the extraction efficiency
of Pb added to soils was related to the type of extractant and the properties of soil. The extraction efficiencies of 0.43 mol- L' HNO;(81%~
99%) and 0.05 mol L' EDTA-2Na(66%~99%) for Ph added to soils were much higher than that of 0.01 mol«L™" CaCl.(0.002%~13.8% ),
which was much higher in red earth (7.2%~13.8%) than in the other two soils (black soil and fluvo—aquic soil, 0.002%~0.037%). With
0.05 mol - L' EDTA-2Na, the extraction efficiency followed the order of black soil>red earth>fluvo—aquic soil. The dynamic aging curves of
Pb extracted using 0.01 mol - L™ CaCl, and 0.05 mol - L' EDTA-2Na showed that aging occurred in the short—term in the three soils, then
the aging rate decreased with time; however, there was no significant change in the extraction efficiency of 0.43 mol - "' HNO; over time.
The concentrations of 0.05 mol "' EDTA-2Na extractable Pb in red earth and fluvo—aquic soil initially decreased rapidly for 30 days, then
changed slowly between 100 and 360 days to reach a pseudo—equilibrium. In black soil, the aging process was relatively slower; the times

to reach a pseudo—equilibrium for red earth, fluvo—aquic soil, and black soil were 100 days, 360 days, and longer than 360 days, respective-
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ly. The aging curve of Pb in soil fitted well to a first order exponential decay equation. The aging rates of EDTA—extractable lead showed a

highly significant negative correlation with soil pH and electrical conductivity, and a significant positive correlation with the content of

iron—aluminum oxide in the soil.
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Table 2 The concentration of Pb added to three kinds
of typical soils(mg-kg™)
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kg™ Cu 55 ¢ d BT AN S Ph Ab B A 338 b By I 45
HIA S PR B mg kg5 Co 5S¢ d AN IS A1
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Table 1 Physical and chemical properties of soil samples

FRAE T Soil physical and chemical properties

#14 Red earth

&1 Black soil # 1= Fluvo—aquic soil

A+ 35T Soil texture
pH
EC/mS-cm™
A ML Organic matter/g-kg™
CaCOi/g-kg"

70 KE2~0.05 mm Sand particle/%
H4HE 0.05~0.002 mm Silt particle/%
F#7<0.002 mm Clay particle/%
CEC/cmol -kg™!

JCETE (A ) 47 Amorphous aluminum ALOy/g-kg™
125 (F 5O 48 Crystalline aluminum ALO/g kg™
U5 (F4 50 4% Crystalline iron Fe,04/g- kg™
JEE R (L4 2k Amorphous iron Fe,04/g-kg™!
Ph/mg-kg”

80% e K a1 7K i 80% of maximum field capacity

#iL b B S 1 B+
4.83 7.46 7.87
0.05 0.19 0.2
10.11 333 12.18
0.79 5.95 84.86
19.72 13.84 18.07
41.72 49.99 70.85
38.56 36.18 11.09
12.07 28.26 10.1
2.12 1.56 0.47
3.77 1.26 0.52
23.04 7.4 7.38
3.45 1.95 0.93
27.08 25.03 18.15
25% 34% 22%
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Table 3 The Pb extraction efficiency of three extractants in different kinds of soils
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213 Red earth ¥ Low—concentration 7.20~9.56 8.63 87~94 90 94~99 96
Bk High-concentration 11.4~13.8 12.8 87~93 90 95~99 96
2+ Black soil I Low—concentration 0.003~0.018 0.015 88~98 95 81~85 84
1= ¥ i High—concentration 0.002~0.010 0.008 92~99 97 88~94 91
1 Fluvo—aquic soil ¥ ¥ Low—concentration 0.005~0.021 0.015 66~84 77 91~97 93
=W ¥ High—concentration 0.007~0.037 0.027 70~86 81 98~99 99
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Figure 1 Dynamic changes of Pb extracted by different extractants in three kinds of soil during the aging process
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Continued figure 1 Dynamic changes of Pb extracted by different extractants in three kinds of soil during the aging process
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WF 5 H 4 B Fe e b B2 UL i) 8l ) A
Elovich B | = 9% &)y J 2E R — B 48 Byl s 707,
AMIFGE Lo ad WA R BY EA 7 220, — B 2 pal R UL
ORI A FEALE 0.93~0.99 22 [i] , 48145 )7 FE 2 )
3% (P<0.001) A7 7 R R
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Table 4 The decreases of Pb extracted by CaCl, and EDTA and its proportion to total decreases in the aging process (% )

1k Aging 3 d ZAt Aging 9 d &4k Aging 30 d &1k Aging 100 d
VRRORL - RROREL MR (R e FRRVRRERD e RRVGEEND e REIR/EREND
Extractants Soil types Treatments Decrease to total " Decrease to total T Decrease to total T Decrease to total
Decrease decrease Decrease decrease Decrease decrease Decrease decrease
CaCl, 4145 fEHkeps 342 12.6 48 17.8 15.7 57.7 247 91.0
Redearth  ecppepe 25 6.0 7.02 33.9 11.0 52,9 17.7 85.4
W+ fliers =371 -57.3 28.6 44.1 57.1 88.1 65.7 93.2
Fluvo—aquic soil erypepe 943 ~125.0 35.0 46.3 65.7 87.0 68.6 90.7
m4 vk 212 -26.3 -242 -30.0 16.7 20.6 39.2 485
Black soil  ryeryr  _123 ~147 738 -9.28 292 348 49.0 58.3
EDTA AR Rk 039 4.6 44 525 8.9 98.6 6.9 82.0
Redearth oy 0.68 9.7 25 353 5.8 82.9 6.8 98.2
L (%733 2.53 13.5 5.3 28.0 6.5 34.8 13.0 69.0
Fluvo—aquic soil - feeppepe 5 g9 17.7 0.17 1.1 47 29.5 8.9 55.8
Rt iRk -1.98 -17.5 -3.6 -31.6 -3.6 -32.1 1.7 15.3
Black soil mWE =345 -58.1 -4.63 -77.9 -1.6 -26.7 29 48.4
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S B A 3 A SIS Ph R B S IR B R A EE L
R 2R AR E Ak 0 B, LR B KB 2 ) 3k BT
5, 2% 550 E IR AN A 1398 CaCl A1 EDTA $2HX
B PG W — R BB R S5k R C.o

XFH SR (e 4) v, BIA R, CaCLARIS
Ph 7E3 + P kB iR, 2902 B Fnar s i 1045, &
bR e B, A [R) S 7Y 4 48 v 119 3 A0 ORAK IR R < 3
t>2r3E>8 1 EDTA R BUS Ph AL k{E K,
AR IR . W R s T R AR
AU B S I A 2, T 2 4 IR IR B T ALk

P P B S S R HUE € v L EDTA
ARG B C.E 5 T CaClye CEA[R] 145 rh 230
Ny IR BFA T, CaCL AR BUE P & &t 5 W i S i
e BIARAIG , B T 4038 WP e 79%~11% 22 [] , B+ A +
KT 0.01% ;1 EDTA $2 5 Ph 5 12 &7 Us i i
Fb A9 16 2T 38 R+ TR 7E 85%~92% 2 [], {HAE
WAL, 4 70%. DL B EE R 5K R
71N PRS2 DR B A2 T SRR — 250, 10 B — B 48 B0

&5 TEPPLEUERH— iSRS
MESHEMC.
Table 5 Parameter k and C. modeled by exponential decay

equation for the aging of Pb added to soils

o TN BE 0.01 mol - L' 0.05 mol - L™
fﬁfpi! Addciﬁlﬁiralion CaCl, EDTA-2Na
/mg-kg k C. k C.
4 125 0.027 6.97% 0.103 86.30%
Red earth 250 0.016 11.00% 0.057 86.40%
Bt 150 0.013 0 0.003  84.50%
Black soil 300 0.012 0 0.013  91.70%
L 175 0.154 0.01% 0.01 68.50%
Fluvo—aquic soil 350 0.255 0.01% 0.008 72.00%

RAFEH 2 2R MR ERE
Jr R BRI M R 2T R R P A RS P Y

AR
2.4 TEBAMRS PhEUTESHMNEXSHT
AL FE A CaCL RS P & SR, 1L 360
o B P B ARG, G R ) 4 AR A HNOs $2 HK
A Pb By B & A6 B ] 0 S 3 AR Ak, AE Xk
EDTAE A3 2145 B 4 8 4 p 2 fb o R Al
o N T IR - PR AL S5 B C AN
A Ak B R IR BT S EDTA R HUE
Pb 17 Ak 5 T H X A 2 850 B i 1 AH DG 43 B
(£6). EWKEE ,EDTA $RBUS P E4b# R 5 pH
EC S0 2 UG, SR S BTk sk R 2
FIEME . EDTA $RBGS Ph Ak B b s i s iy &
53 HAZ A SEVE BT /)N S USR5 0 A O,
VI E IR INHE S EDTA 3B A 3505 Ph B & o

3 iTtig

3.1 FAAEREZ PhHEARIME P ZBH T EMLERS
T

WEFEAS ] L3 p Ph AL 2L B2, 75 S P —Fh K
RE S e A il B I ELI G e i SR BBGR) o A [ 4 B
FIFEEAY A RS Ph & 5 AN R, EDTA 1 HNO; 2 S
PRI T CaCLAR A, 3% 32 22 5 IR (9 3 B
A K CaCLAE A b im i , 2 24 BUKIE S
A AZ S (EJE ] £ AR A P CaCL ARG & A%,
XoP I 5 A v KRG B 23R, SR F 0 HT . EDTA-2Na
REAR BT 8RBT s S INA R A LR S
T 4 JE R SR, T G = 3 4 4 A 1 SRR g /N
RERC AT ML AR P () & A B . BLAh, 58 R B
EDTA $2HU Ph RBA U7-Hb 2 e 1 58 rh Ph (9 £ 147 3
PER T HNOs AR AL 2 He A B 3R FY bR T 4%
BT RERE A FIE S 1 Ph R ECHS Sk Hism K i
PRHUAE 7 AT REHE 35 1 Ph (2 AR A T, DR I il 9 12 B

Fx6 TEBUYMERS PhEWER LI EERESFMELLS C.HAXEH

Table 6 Correlation coefficient of soil properties with stabilization velocity (k) and the ratio of equilibrium concentration to

the Pb of added(C.)
RS BInkE AL WyRL KL eabBge AER R RUERER RUEE
Equation Added pH EC Organic  CaCO; Silt Clay CEC  Amorphous Amorphous Crystalline Crystalline
parameter  concentration matter particle particle iron aluminum iron aluminum
k(EDTA) -0.431 -0.923** -0.928*%* -0.519 -0.517 -0.676 0.535 -0.372  0.855* 0.714 0.929%* 0.91%*
C.(EDTA) 0.948%* 0.207 0.214 0.201 0.044  0.095 -0.049 0.174 -0.165 -0.108 -0.22 -0.195

T+ FOR AL R IR FIIE & (P<0.01) , * R Al 3¢ 56 Rk F1) i 2 (P<0.05) .

Note: **shows a very significant positive correlation (P<0.01) , *shows a significant positive correlation(P<0.05).
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A P &AL B AR AN B, 2550k &, EDTA $2HL
A PbESEAWIFE Ph &AL R
32 TEEIE MR PhETERLER MR

AR Ph FEAS [R5t - 398 v (1 A2 S AN TR il
FRARTR A RS Ph & B AN . 48 pH AR, HY
X Ph* 1) 55 4 0 BV FTBR K, AT 52 #8285 Ph 55 ot 80
pH FHE , HOSE ek /N, 1 28 A 0 B Rt vE /8 F 40 bl
Z s, SIS Ph 25 5 % i Ph A A AL A ik
PR R 2 UTTE™, Sh R Ph — H E A 358 37 B gl [ 5
Al A2 Ph & i IRGH RS . [RIET, CaCOs 55 f 52 M)
4358 Ph WG, fF 5% 2 BN A S B P 3 B2 b PH2 AR
A RE BCFC K PR 5 1) Ca™ B 7 B, T8 % Ph Bk FR 45 UL
UE , TUTHE B S 2 it — 20 s e (4 Ja 5 IR
SR DT S ) - 33 X6F Ph (149 W 2 0 o 5 B0 ek
S AT LLOEE +3E CEC T 5% 0 -+ 33 Ph A W B, 26
R Fr SR R, CEC R 3G T, 368 2ok i e R 5 | o R o
Pb B P BB ALY B R AR TR, X
Ph A3 B8 (W B 77, A3 DFSEHE Ph w] GBI 7E Fe 4
B BP0 Ph 1 75 A T S 18 Fe fb 22 & % D) %
F7 K I Fe S ALY 0T BEJE R Ph{GPE M BN 2,
XL AT BESE EDTA $2 U Ph %4k R 5 845 A4k
T AR LB IR R . BRI Z A6, SN Ph 1E -5 ik
4N R Z A USRI, SRS R 5 A 2R A
REH, Uk I 9 kB0 22 Al B A R H 21 A5 1 v e
3500~3100, 1720 cm™ 1 1620, 1226 em™ Ab fi4 553 1 i
A3 2 B A I R S R R N AR L | T X 6 R ]
X Ph* W B AR 5 , 7T 3k 999", Mk 5 55 P> Kk A= 4 A
1 S [ A

A YL CEC & Sdw s, I E 2 -
S8R A A 25 45 W BV R 68 7105 Ph — LR A 358, 57 Bk
W F 1 5, T - R p ORI R A5 5 R e i, DL S 1
oAy = FLHGE N A DA A 5%, T D B - ) £ e
Al A0S Ph P e K 5 203 b pHAIG, Bk B i i, i
P IR 5 52 07 7 2 oy, L il 22 45 Ph izt i TR+
AN X — 5 BT 25 SR A ],

e pH FCYE S, /P2 - EDTA
PSR AL, R EDTA 2GR e 1 , 7638 +
B A R, 255 W 0 FRE Tk A2 B pH RN TE (1 5%
M1 ) F EXAF B ARIRIT 15 Y2 3 vp P (ALATE S,
45 L3R W] Ph W AR BT R A FISH R 1), 1 EDTA fig
¥ Pb A LY Rk R, axX T B2 R 4 EDTA 42
S Ph & it fems O B O, T HNOs BB i 1+ Pb
HITCTE D) , o — LA I B 285 P L4 L O | R

L R R PR B L T EDTA $2HUSH, B A
HNO: $E S & 8%, AT RE 5 A DL AL Pb AN 5
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AR LS EaRA S, GG SR L RRA
—ERILEARE ST, DRI 1 X E 4 i A R T35
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AP Ph iE A A HE R [, T BRAS Ph ) £
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PN BB, HE ALY F 02 s B B, Ma 55
WFFE Cu bt B & B, R DAt FEAE 1 d NPT 52 Ak o
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ZJ5 PR RE A ] ST R AR . X — B4 AT RE 2 R
T4 HOU N 1 A Ph> 9/ T fd Ph(OH ), . PhCO; 55
TUVE K A2 38 S N, T 2 A UUE Y TR ™ (o P> % 1
FhEr  ZEBIESFEP I s AR R A B

FH ECF 208 R0 + | 2B 4 P o2 A 08, X n
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4 ZEig

(1) A5 Ph 14 45 B3 527 3 B 248 A - S0 Joi
) 2 & 521, 0.05 mol - L' EDTA-2Na F10.43 mol - L'
HNO: # BURZE 5 T 0.01 mol - L CaCl,, Hirp 21 3 v
0.01 mol - L' CaCLZHCRIT & Tl + FE £+ B+ rp
0.05 mol - L' EDTA —2Na 42 BU% iz % , 0.43 mol - L™
HNOs $2 B 55 w5 H Bl & Ak i |) ¢ &8 3% 48 1k, 0.05
mol - L' EDTA-2Na %38 & VE A58 Ph Z ALt # rh iy
PEHGH

(2) M PhTEA[R] 3 rh 2 AL L FEAN[R] , 21450
1 1 CaCL AT EDTA $2 B Pb 7 24k 30 d Z i bRk
T B, 2 )5 5218 FEA , 100~360 d Ji B AR 3k 2157 , 1
O e XA PO S N

(3) 15 Pb 7E = L rh i 2 AL BT & — B
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