5529 B 6 W 7K PR 5T Vol.29. No.6
2022 4F 12 A Research of Soil and Water Conservation Dec., 2022

FIRA 1 R pa X AR R A M e ke Pb 77 2 745 19 2 i

TWRk, 2HK, TEE, F E, KEE, PTH
(RIER%: SRS R TR %5, W 110819)

8 OE ORISR AT 5T R R R g I % T A R Y R W SR AR LR G R T R A R X A A A 2R
W pH B F R (ECO) VA PR (OM) | JHE 732 fik (CEC) \POY IS P LU K Ph A7 25 B9S2 0 L 20 Fr 1 J5 40 1 o
ALF Pb MBS LA v B A A OGPk, S5 SRR VR AL R B 2~0.25 mm URL 2 & R AR, 0.25~0.05
mm JFCRE B I, Bk A B U R E R BB K . BE R RO U 3 L B 8 pH {H, EHL, OM, CEC, URE ¥ ¥ F &,
PO LCAT IEHEFEAK . R MR 36 NI, 55 R R BUAS Pb & &30 (p<C0.05) , ATIRJRAS Pb £ & a3 J5 %, 584 Pb
SEERE TR P B 2SR HRIEEE P 5 PO 2B FE MM (p<{0.05), i & Pb 5 POT &
i3 E A 2 (p<<0.05) , TR JRAS Pb 5+ pH (HE B ¥ IEAHE (p<C0.05) . T E LA Pb 5 13 OM £ i 3 1F M %
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Effects of Freeze-Thaw Cycle on the Physical and Chemical

Properties and Pb Transformation of Brown Soil

WANG Lixin, LI Haibo, LI Yinghua, LI Geng. ZHANG Chenxi, DENG Ningcan

(School of Resources and Civil Engineering s Northeastern University s Shenyang 110819, China)

Abstract:In order to explore the effects of Freeze-Thaw Cycles on soil properties and heavy metals under the
background of climate change, simulated experiments were used to explore the effects of the frequency of the
Freeze-Thaw Cycle on brown soil micro-aggregates, pH value, electrical conductivity (EC), organic matter
(OM), cation exchange capacity (CEC), PO} ., enzyme activity, transformations of Pb and the influence of
each form content, which reveal the correlation between Pb transformations and soil physical and chemical
properties under periodic Freeze-Thaw Cycles. The results show that: Freeze-Thaw Cycle disturbance causes
a ratio of 2~0.25 mm particle decrease, a ratio of 0.25~0.05 mm particle increase, and the stability of
micro-aggregates is destroyed, pH value, EC, OM, CEC and urease (URE) activity of the soil increase,
PO}, and catalase (CAT) activity decrease. Specifically, when the Freeze-Thaw Cycle increases, the
content of Acid Soluble Pb increases (p<C0.05). It was observed that the content of Reducible Pb first increases
and then decreases, the content of Residual Pb happens to be the opposite of reducible Pb, and the content of
Oxidisable Pb fluctuates. In addition, the Pb extracted by weak acid and PO} (»p<C0.05), the Reducible Pb
and soil pH value(»p<C0.05), the Oxidisable Pb and OM (p<C0.05) have a significantly positive correlation
respectively. Studies have shown that Freeze-Thaw Cycle can increase the eco-toxicity of Pb by changing the
physical and chemical properties of the soil, which increases the environmental risk of Pb to deep soil,
groundwater and the atmosphere to a certain extent.
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fEEN . SRR AR TR E R A E W IS, I
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A, 3R T AT SR B B R BE AR . sk BE AR A T R WL R
Al VE AT REAIC HEXT Ph A [R5, {23k Pb B &5k, H
PSS A HLES 52 Ph A BIREIR T 7.15%0.2.4 %5

BRAR AL S A SRR R 45 A7 P 4 33 T
5.92%,2.74% ; Du S 4R T AR RO A AT
Pl ] B e Py BRE, b S kiR b+
HEREFF Pb A8 Sy dem . XRS5 AL E R E S
G MARA R . HAl, A QTR & xE Pb B
I Ak B e R 22 0 G IR oE 45 0 . R, 488 7 1 il
Wl Pb WAFE 2S5 4 e Ak M Joi 18] i A S 1k L 1)
W RLE X P TR Sk nl fgsgm N R, BAT &
BREEE X

AR SCHE IR B AR AU AR A B 5T X 42 L 3 i A LK
I8 0 BT O Al YR X R pHL L L B R (EC) VA HLR
(OM) , FHES T3 #e it (CEC) (PO | 1o A1 B8 44 | 1 16
P S A P T I R ) ) B M Rk S Pb A
AR R i — R R YRR B N Pb (W AR ER
% 52 i) B2 410 B0 A0 4l

(B IK 2 2 R R R IRT S

1.1 HmRE

AELURR SRR i A T BE AR R 27 i 58 020
em RFLTGHR A, T ARKNTBREEDR,
AR W) P R R RS A DY 00 A 2 R
it s 3 2 mm G ORAT 5 . R A AR B A o AL
1,

F1 S TEERELER

ERT . EC/ OM/ CEC/ PO} / + BB AL/ %%
ER : © (uSeem)  (gekg ') (emolekg ') (gekg D 2~0.02 mm  0.02~0.002 mm <{0.002 mm
FilE  7.84 49.23 17.58 12.03 0.6 33.5 36.5 30

1.2 SHRI#EHE

PRI 100 g KT 3 T 3R £ 0 SR B 11 4%, DL4y
Hratigh Phb(NO, ), % 1 2] 43 + 3, ff + 3 Pb
SR F] 500,1 000,2 000 mg/kg.it K C,,Cs s
Cyo MR LI AR 4K, I8 37 % 7K 58 1 A
FrKE 19 60%, & (15+5)°C FBEALE; 35 50 d 5 K
T i BB AL P 75 g L RS AT R AR S . (W]
IR B2 CK, A3 E AT 3 WK,
1.3 RRR IS IE T

W IR AR FAT ) A S T — 20°C UKAE T o8
AURSE 12 hRIEBUH B T 5 CHE IR kAR BL R AL 12 h,
VL — A U Bl B B (Freeze-Thaw Cycle, FTC) , 3t
W 1,3,6,9 WEHRRMAR i FTCL,FTCs3,FTCs6,
FTCs9; % B 24130 A UFT. % al ik 56 45 1 e, KT
SR
1.4 MELIREF*

ST AT BRI 5 L (20 40.001) g KT - AE
BT 500 ml #EIEH P, INZER L 24 h )5 E % 2 hoaf

0.25 mm PEGEE A 1 000 ml f 14, R %5 B
F 2~0.25 mm,0.25~0.05 mm,0.05~0.02 mm,
0.02~0.01 mm,0.01~0.005 mm,0.005~0.002 mm
F1<20.002 mm B AT SRR T o7 Ll 481 O & 434, 0D
- SRR A TR R SR 8 BE TR DU A

R A O . pH W SR A 2.5 5 1K+
PR AR g B r R s EC M R 5 ¢ 1 K - e sA il
225 CEC M 8 R = S b N & & iR -0 ot e
L OM M SR FH e TR AN A A TR A ATk
B POT & 8 I 5 SR FH 7K A6 0P Wl 2 6 R L €875 43
Bt IR CURED 396 1 00 7 2R FH 24 B - Yk SR 40 L
3k sk EAL SR CCAT) 15 % I 22 R 28 41 4 e
B
1.5 $HRMEESNE

13 Pb WA A5 I 5 >R AT elc i BCR ¥ 43 0 55
R BRI n] 8 SR A T R A R ak i AT T
TR B 45 B TR R (ICP-MS) BEAT I 5E . BAR 7 1%
W2,
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x2 Kt BCRESHRERE

U2 IR

PO

BRREA 20 ml,0.11 mol/L HOAc
A#JEA 20 ml,0.5 mol/L NH,OH « HCI(F HNO;,pH=2)

10 ml, 8.8 mol/L. Hy, O,, pH =2, 25 ml 1 mol/L
AEAS
NH, OAc, % HNO;,pH=2)

A HhRR-E R AR

25°C,250 r/min ¥EIKE LR Y 16 h

25,250 r/min $ERELE D 16 h

JTA 10 ml 8.8 mol/L H, 0., & iiH A 1 h, 85 CHIEAKR 1 h, ZFE T
A6 ml 8.8 mol/L H, O, EH F b #/E, B H B Z\I5 A 20 ml
1 mol/L pH=2 i NH, OAc,25°C ,250 r/min 4% K ELEH 16 h

k-3 ARIED (373

1.6 HEITESLHE

AR A AT SR A RS M RT R R A R K

F 250 RO A8 TR
G,

SSC=100% —SDC
K. SDC 3 73 Bl & 8 SSC 2 T 3 45 1 R 4L
G o 4 - ST DA SR AT 52 435 S <20.002mm KL 5 5
G N = HERURL 4 I 5 45 SR <<0.002mm K2 7% &
K H Excel 2016 T 58 7 ¥ {8 f pr e 22, # H
SPSS Statistics 26 G214 7, FIH Origin 2018 Z3 14,

2 R0

2.1 RRAERIREEA RN

VA R A FE X A T R A 1 52 i BT 1)« ol A 2R A
i 18 A8 AT SR A 1 i B UK B L P s A R
i 0.05~0.02 mm F10.02~0.01 mm (¥ ¥k 20 5 . 3t
HECRE AR AY 53.75%50.005~0.002mm UKL & B
A S BRI AR 3.25% . BEFE R AL R B, 2 ~
0.25 mm FURL % 5 2 W7 R AR (p <<0.05),0.25~0.05
mm PR R W, UFT AL #EAY 0.05 ~0.02
mm Tkl &S T FTC A4, Hph,FTCs6 5
UFT Ak, 2~0.25 mm, 0.05~0.02 mm, 0.01 ~
0.005 mm fof A1 A B 1t 43 S AR T 1.15%6,3.54 %,
4.08% .M 0.25~0.05 mm £ 0.005~0.002 mm i 4]
RS RN INT 7.17%,2.5% , 3X 3 B BE A Ul
TR B s = B L R 8 2K O BT R A R 4 R il Ak 3R
B 3K 23 XF A O 1 B 5Y VIR T, A5 R IR b ROk
SRR 1R, /N BRI 2

3 Tl 0T A 9 P SR A RS E A i e (8] 2—3) : &+
ST A SR AACAE K v ) i R R E R R 4 TR BOR TF
B R EGER K, TR A RAIR ok R 2.
2 RW, T IERES W K A AR A, TE SR AR 25 R
Ok ] S E R . B3 BN &R Al Ab PR JE £ 3
G HCER B I, 22 W R AP VR Rl 2 1 IR AT SR AR i A
EPE XS Lehrsch P A58 — 8, 458 RS
T EL R B I, RN el S TG

SDC=—X100%

VR P R A A LR (36 3) . 55 UFT 4b
PHAH L, Rl 5 30+ 4 pH {E, EC, OM, CEC, URE i #£
FhiE POL L CAT 36 M AR s Bl & % il A1k 3% i, pH
ff,EC, OM, CEC, URE JF 1 & ¢ 7t 5 B i 3,
PO ,CAT I PEWN 2 5% 5 THE .

<0.002 mm 72 0.005~0.002 mm
E= 0.01~0.005mm [T 0.02~0.01 mm

[72 0.05~0.02 mm [ 0.25~0.05 mm
] 2~0.25mm

BT IR/ R

[T R AT RS
e
olololololetitileled

UFT FTCl  FTCs3 FICs6 FICs9
BHLE TR B/ %

1 JE R R R A A 3R R 12 4 A B R0

g

2
R pH E TS (p<<0.0D) Al B2 i T 1%
H A 2Rt ORI (SR A AT B SR A S
FAES G 5 EAMNRRIAE HTIE T 3 4 EC W2 T (p <<
0.001), e CEC 5 pH KRB IEA S, 12 o 24
pH fELTF eI o b SRR TRORE 2 ThT 7 FiL £ 3 0, pHL {E T
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mgE T CEC THm™ . AWFIT R, Rl i i 3n 1 15
ARG 2546 T M) POT MR EED L 3% 3 /R 4Vl
AEEE R PO 5 UTC AL BEAH Fb 3k B B 3 K - (p <
0.05), 5 UFT 4B I FTC ALFHL POY YR EEFEAK,
PRIy - 3L Bt b 9 K 2 (A T R AR B 5, /) 1T 2R A
2, /NP SR T 2 6 T e R ) R 2 I ] ) 43 )
AT R HER W R ) POY B e i ks v
R A 2 S B A DL & & B 3 (p<<0.0D) ,
5 UFT Mk, K FTCL o B &L 8 3.46 g/kg, X
AT RESE B TAE VR il F2 v 5 A RURL 25 & Y Koy T
BTG & AEREIK 5 0 4 S W 4 5 S 25 1 A e i
B /N T RAT AL L AT LIS A 8 17 2% 5 i)
TG P, H R Bl 5 OMAR & FE FTC LI A & » 156 B

395 F 1 A 2 R OM. 55 2 [ JE 40 b JOR 06 12, 3X 5
VRS S B g e — 8, MO EA TR L PO 5
CAT P2 8] 52 3% 1 AH 56 (p<<0.05) , Ui B R il A
Xt CAT IEPERIRIE POT W RFRA C,

120

BHRK SR

100 z T I
® 80 |
2

60
&
40 |

20 | = o

P s B e o

UFT  FTC1  FTCs3 FTCs6  TFCs9
HRRR/ K

B3 FEHEFEMANTESBREMENRENZME

R3 FRERXTEERENLNERZ MW

5 UFT FTC1 FTCs3 FTCs6 FTCs9
pH {H 7.8440.01c 7.9240.015a 7.8740.02bc 7.85+0.02bc  7.88+0.026ab
EC/(pS+cm ) 49.2342.3b 59.5341.59a 58.43+£0.45a 58.0341.16a 58.2740.6a
OM/(g+ kg ) 17.58+0.61c 21.04+1.59a  17.98+0.23bc  19.8440.39ab 20.11+1.28a
CEC/(cmol * kg™ 1) 12.03£0.11b 12.854£0.29a  12.62£0.33ab  12.34£0.27ab 12.8740.48a
PO /(g kg ") 0.640.01a 0.5640.01b 0.5340.01c 0.5540.01bc 0.56+0.01b
URE/Cmg *« NH; —N/(g « 24h)) 1.95+0.01a 2.13£0.12a 2.10£0.12a 1.90+£0.06a 2.08£0.12a
CAT/Cmg *» H,0,/(g * 20min)J 1.6640.01a 1.4440.05bc 1.404+0.01c¢ 1.4640.1bc 1.554:0.01ab

VARG K B R
2.2 it Pb ERESHFMN

B 4A R, 59 R $E B Pb B VR AlUSR 38 N 2
HEma, Horp C, L C, A H 21 55 5 Bl vk B B A G
(p<C0.05), Cy Ak 3 55 VR Fal 431 R 52 A 8 385 A0 O (p <
0.001), £ FTCs6 4bH5 ,C, ,C, Al C, b Hi4H 55 FR 7 B
2 Pb 435I 1.2%6,1.05%,0.975 % » it B VR Bl A vk 2
SIS R PEIUS P K, HAME Pb & AL,
SR FEEUA Ph %R BB K B e 1 B 5iR . [E 4B 6B, AT
RS Ph BEVR RS HG 0 a3 )5 08, Horb C 231 5 TR
BTV S A O (<0.05) , C, A B VAR Rl A v S A0
FHAX(p<<0.001), & FTCl 35, C, . C A1 C, b e
AR Pb 538 1.9%6,2.5%,1.75 %6 » it B VR il 45
UCHIZMNIE Pb & iR 22 vl ik J5 s Pb 284k, 1 4C &
U1, AT AAAGAS P BEVR BT R A2 i 2h =, Horp C 2R3 5 7R
R VR S 35 AR G (p<C0.05) .+ 3 Pb & 134 fin e, ]
AL Pb 7 LB W/, 72 FTCL 23 rf, A1 L T
Cy» Co Ml Cy Ak B H 43 51 Wk 2> 1.65 20, 2.55 % , P W 7]
A AL Pb W25 52 SMIR P 5 4 19 52 0 11 A % il g
W, [ AD B, 5 2 Ph FE R Bl 88 2 v S
H L A Co b 35 VR ROV W 3R G (p<<0.01) . Cy
Cy Ak 37 2H 55 5 Rl AR U AR OC MRS 3 100 1D R il AT Tk
ATEF MRS Pb M EZH K, EAR FTC 42
rf, AME P fr iR s L A] IR R AT SRS Ph Y A

FEAK, 59 PR PE S P & s . JRINTE T Pb* ' 58k
A ALY A ALY B B T A
FAHARE it 69 Pb*T R 55 4 3 3 1 W% B 07 4 &5
A NI 20 Ph 136 M 34 K Bl 2 R il AS DB F
AT o AT IR J S 0 55 R 4 IO o L B i 3 L ik i A B
WD, XS TR I R 2 5] R A ORL Y
15 FEHE i Pb* 7 [ A AR o T 4 T, I 5
& P FEAS [ A [ 546

b R R B R RIS P RIOHE R FH 2 P & i
M2 aniEl 5 fron . Hoh G MRS SRR RS S
AR A Z AL, RS I TAEESRESZ
L GRIAS Ph BE VR @l 8 0 S 18 )5 L C
C, AbB2H 5 U5 il A5k ik 35 A G (p<<0.05) . MEF] H
A Pb Bl VR Rl 3G 0 S 98 3G, C L, Co b 34 5
Bl YR B R 6 (p<<0.05) , Hith 5 UFT AbSAH L .
FTC 4b 320 {75 5 R A T3 Al ) 2 B AIG, i 3%
HA VR Al 2 3 0 5 B FEZS Ph BRI I IR A FH 2 Ph
i, T8 P AN E N, Mohanty 1 H5
2 JE 3P R b oK 2 K S R R T S T
FHH % B2 (0 i 24 4% 5 BOY BT 1 i 3h B 36 i
SR TS SRR AN T &R 15 Y r T
B, XRUISTE—EBRE LW Pb X E)ZE + 58 K&
b T 7K PR AR
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Cio PO XF vk BE AR IR Pb AH & B kL i B A R
Pb & A 5 52 % @ g SR PO Mg m, T
ST ol AN [ Ak )k A R TR A R R R
KRR AR B R R R AR IS 5 i R
Pb #Ab A i EAL S 55 S Ph, il 5 # I 2S MK
T S AR EAE P iEtE, A B EXEHE,
XA RE A T AR ALE H A PO 5 H AL 4 A K
T OEHE )2 . Dk Ph? T f A A+ M Uk 2 1,
WA S, C,, C A B Al i S Ph 5 + 4
pH {H S0 3 15 A 26 (p<<0.01) , 1 X Ff B4 1
JE DR ] A 5 Bk A A AL 0 6 PG T R AN Ak A SR Ak
FMFEIAGT AT G . AR R 2 W P A R
SR A B3 T R AT X 25 A Ph R B EE AT . pH
H TR 2 SRR TR A 17 A R TR A i e
PbE AT W T A B2 Ph (&, G, oAb 34

AR Pb 5 488 OM 2 i 3 IE A2 (p<<0.0D) M 5%
ERAEHEFE A C>C . LM EMN, 15 OM & &
5 Al S A 2 OEAH OGOl B R R 5 5 e OM 5 &
)3 S ET AL P & A fb, KA Wit e
FREL AT SN S DOM &3, HIEh AL &5
Pb /i, Tiberg %5 #F 58 % ¥ + 5 b 32 5 Pb W}
W) EBIE A MLEE B MR S 4 & X RIE AW
AAE 0 A N DL JL 7 TH AR RS . — & OM % %UE e
VA X H T RS AT 3 RS e, G R T R AT — 38 D
A FH TR SR 48 A0 B FN B 4 T i 26 2 2 =0 — R AAL
YRk /A AR TR B RE AT SE 4 PbET Y I B A
S SRS PhY O s S i R A 2 A R
S5 DU/ A Ak W O o 4 IR o &5 5 BE ) 59 T G
Wi, BB R RS B0R R E T R RS
Pb Fia] 521k Pb IE S LA 541k .

x4 PhEFESSIEEAERENEIRY

Pb ¥ Pb 2 pH 1 EC OM CEC PO}~
55 R H S 0.135 0.614 0.318 0.264 —0.667""
) T A 0.301 0.432 0.051 0.119 —0.634"
© A 0.448 0.177 0.659" " 0.318 0.024
i A —0.479 —0.575" —0.341 —0.253 0.670" "
55 R 1 Bk 0.217 0.688"* 0.464 0.451 —0.620"
. AT A 0.773"" 0.797"" 0.565" 0.520" —0.598"
¢ LE VA 0.682" " 0.781" 0.778" 0.597" —0.437
FRES —0.705"" —0.905" " —0.677"" —0.609" 0.686" "
55 R 1 U 0.181 0.724"" 0.318 0.212 —0.817""
. A A 0.644"" 0.392 0.517" 0.430 —0.236
(’3 DRI —0.28 —0.609" —0.268 —0.393 0.459
Bt s —0.592" —0.526" —0.516" —0.397 0.441
B UK p<<0.05, BEPEAIG; - UK p<<0.01. 1R BHAMRK.
3 4B POT RWEMAMK, A Pb 5+ POT £

(1) JEAE 7Rl S 3 2~0.25 mm POk & B
fi£,0.25~0.05 mm UKL & & 500, 94 P 3R R R e
PEWE IR . 5 R VR AlAH L, VRS 303 pH fE L EC,
OM,CEC,URE {&¥: T4, POT , CAT 1 M B AK s B
A R ROWCUC BG N, #79% pH {E, EH, OM, CEC,
URE & TH 5 . PO L CAT IS HEREK.

(2) JE A VR il 5 8055 R $2 RS Pb 3§, mT A
JRZS Pb Jod 5 B, 5k A S P Sl s 8, i A AL &
Pb 2 shX . FEAS R R Rl kb B4l L SR Ph
T AT JE A AT AL S P IR, 55 R
A Pb Fatie . Hob 5 R VRl b B L R ml A 2R
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