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KPLBEFGR S 7K 7 B EL 75
7+ RSB 1T H IR
XE®E HRE 2@#%K % &

(P ERE BTk B R BT AT, KR 110015)

% R B O% 4
(DLPH B A KSR 110013) QLRI SR EERAR, LM 110011)

B E AXWRTHBATESHIES LRAFLRE SR IFBORLKRE R
MR, URRE SN SR AR (LAS) KB E L BFHMETE. 1R
B, U D TR AR 1 AT A R AL BRAIR K, T LT E MER LG £, LAS &
1.5m KR8 HARMKE Lk th A& B0 23 X, MR e FEMKBEKBHHERLLX, @H
H 69mm, J5E LR 9mm. RETHEBAZ IERH /BREBHH L. ZHHRH/ B
BEWANTETERE KR, KBRAMKE AL 5] 185mm A1 178mm, FE M AL,
EARBAMKE L9, LAS WAL A B i L f op B od ] 4 BB AT T 21 KM 35 K. MRAEZF
B ETE R R F T 5T 46 B BE 20%~ 30%, ZEKTB R SN B L 30%~ 86%. 7
BAHRILBYETE LD, WERRX ML TN AR,

Xl B, RILER, RAEK N, RRLSCE, TRE, LAS, I8

hESES  S152

TEPETIHYRES EYRRO M REEEU R YEALEER N TERE. &
BT EREWR. WFEFRAEFER SR LEABROIAYIE, FEFHFERILR
(Macropore) . 7K RIHER (A5 54Y) flEd KILIRE L@ P B MEERTE, B
$e7K M (Preferential flow) I {f; 55 T # (Preferential migration)™. 146K WAL LT AT
BEBHERAE (1) BRI BK B I ER X T 2 3 sh i B xS A 3 Q)T
KIE T HKEFRZP HEFFKBHRBRNR; Q) TEXRBEHESEAHKS. ERYBTH
BER; (4) HDarcy ERMEMELRYR XM TR BERTFY. SBRIFSEFER
BHRYTIH R BTNARE, RHEEFRERENGRYY, ERREREBERE (LAS) R
ErEEARRERNEREEEND, A ERAERRE L. AR WA R,
HREEFRZPWITAMABRAEES Y, AXEERRT LRARIALBRMML KR

* BRARBEES (S 49771044) AP EMNEREBESRUOERYRESIEFHTRELS D
mH
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I RAERES LAS ZE BRI BIT I E N,

1 HRE5HE

1.1 ##
LAS (+ A BB % E Sigma LA R &, SE Y 80%. #iX L@ FERERELMELE
AL RIS E AT, B AR R L3RR (6],
1.2 HiE
121 HREZELR  BFRGR LSRR K RERSIER, FTR A GEE VR R
%l PVC 14, A% 10cm, ¥ 40cm, FRA KO, A EFE 20ecm HE 2cm — 2, THH 20cm HE
4em —2, BERZABHZRECHERERAI —MREMN T, AT TH—-ZEA, Rk LHAE
FARFIHid 2mm Fe L3, UKERA, BBEVERIREIFHGH. FRAOB  BAYN 159 /M,
BREZN ST, RAMEK | RRMBEELRS, UENE LR EFZHEREZHHRYLE,
HRERE RARCEMARLECEMNEAABEREKE. REMIEYRNT THB
(Rodamine B), FCH| MK E K 2g/L MKBH. HERRERMA LA B, BELK. FRERTLE
NG, BB UOE LAY TF, MR R b R FLBR R e B e K L BRIE B S K o (6 B8) B4 43 76 1 00 3 B,
AERRBREERF EWAKRET, ArREtEamf. aREmRATARKILEEMRLKEK A ,

JL

®1 FBXBBE(C)
Table 1 Temperature for freeze-thawing experiments (C)
P /4 BX BLJH] PS¢ BX ®H
Day Daytime Night Day Daytime Night
-10 -15 7 —15 -20
-11 -16 8 -14 ~19

1
2
3 -12 -17 9 —-13 —18
4 -13 —-18 10 -12 ~17
5 —14 -19 11 —-11 —-16
6

-15 -20 12 -10 -15

122 FEXEXR  HRPE&EFIEILBRARCKTE RN ER, FIRAEN LERELT
BEGMEFEL®(1.2.), TEMKETRBAASHRE=ZX, BIKEARA, BHE=X. DkRE#
173K, TEIXFLEEHRE, KILBR B SGKR KW EF SR RS LR,

123 HREBEXE  FREPERFREBESEREET. BEEE (Lysimeter) YRR Im 8
REBRE L, LERE 1.5m. AEEXBEEE, L REN 1991 €, EFRELRZ A, ELE 3FMN
— R SERERE, LRRA R IBHRBEWAES, FIRT LASAEKBEHNREKEZ) 15
FREKAMEBANE. £%E CK. 80.400mg/kg (0~20cm 2 13 LAS ¥ HE)3 MEE, ¥—F BN LAS
FRBE, AR NBEE T L, BN RK LAS TRASMBEREN HEXRR, HEMEERR
TRAERN 3R, RERESRUSEEERTRRANENSE, SAR—KBEK SKBUKULSE
EKWEH R ik, iR R KB HAE LAS B E.



M ROE N E . KTUBOR AR B o 1S e P iR b W) EER]

124 K LAS FOREHING B C18 B RIBEECEE (W) 8 08 ). T. Buker Inc.) B IEAK A LAS,
$AGTH HPLC MAE, /7 35 R 41 L UM (8],

2 #RE5itie

2.0 FRMATFI8XE N AL BRI TR R R 1E A
UM TR H LRGN EHERER OSSR STE LA, oW & b5

AiLmen
Dyed patches of
MECTOPOrES

(a) BRI (v) FrRZH
CHRR T
Fig.] Dved cross secion of sml monobth
HAAEBAMARER, # AN REIBRE L, IR0 LT MR G5, S0 R
FHEBEH R CARE LD IR, ARLENERSFARTH?2 ORE#E L4 L
B (o) T S PO 20, BB O B AR R B ot A R e (B ), R B
8 A, BB BLRY B KB TE 9 20em, GBED L H 2om

ALY 3.8~ 4.2cm® WA E 20em WAL 0.1~ 0.2cm?, 4 O
REAY R E 4t 12.2%~12.7% #L E 0.3% ~0.5% (8 — A '
). FRXHGMM B, AR RAREY [ ]

10em. @EEEEE 2em BLAM 1.6~ 1.9cm ML E10em  [.--—-~ .

WAL 0.4~ 0,60’ MM BT BUE 42 il 5.1%~6.7% M o -’

DE 1 4%~23%(E 3b), LHLERER, KB TEE

4 T {4 R LB BRSO R @
Wi Mt LR A BB K ROEREFEE | T
#ig, "
22 LASZEHETNPHRETR M2 Al ERE A A

Hi I'H]#:f’H: LAS E#%Eif}imm:’tﬂ iﬂ‘?‘ﬁﬁﬁ Fig.2  Schemabe drawing of the
B KT RS ) M A s T 4. M.@ﬁ)k'f’ LAS 7 HF Bfi disznbugon of dyed paches in
Bl 5 A B 4 (O 4) ol W R F B, 2 F A dfferent sol Lagers
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Area of dyed patches (cm?) Area percentage of dyed patches (%)
et diap AEREHE

Soi depth (cm)
TRiEE
Soil depth (cm)
T EREE

B3 ORE(O) AT (<) &N R R TLR R Sk W s tE R

Fig.3 Effects of freeze—thawing ((J) and dry—wetting (X ) processes on the formation of soil

macropores and preferential flow

650 2.50
S (@) K3 =
2 5.50 1 =
B 0 \. S Lol ® %8 .
2 2 4501 s
< x
% E 3504 \ . 3 T'::L 150 \l\.
§ i . T = =
2R 250 ’ - E % 1.00
§2 1501 £ 9 050 - / /\ .
5 *=s. - 33 \ o .~
0.50 4 ——— & ~—a e /o o
“ g f>:,—x-x—x —X —X X —X —X KKK = & 000 f momOx -MEEEATRTR X X X X =X -X XX
-0.50 : ; : 0251 , , v r
16 30 44 58 81 93 107 127 16 30 44 58 81 93 107 127
1@ (X) B8] ()
Time(day) Time(day)
x CK # 80mg/kgih W 400mg/kgih 3

B4 HEDKE. KEBIEREREHKLASHME R
Fig4 Monitoning results of LAS in leachate of lysimeters of paddy rice and soybean in fields

AP, ELBITHREHE 30 K, BN ELB A B IKT LAS IRERER — N EiE, R5
LAS WEZ W FEMK. % S8 KRG, BEE/K LAS W EZH AR, 755 100 X (80mg/kg 4b3) 5k
55 107 K (400mg/kg Zb38)KBIFE AN LASHERE., 2 —HIILTRER, LASIKER
WK, AR/ SAAEN BN RKRIER. LAS 7E/KHLHEF T8 IE AR,
TEL R TF 855 958 30 K (400mg/kg Zb7) 5{ 5 37 K (80mg/kg AL ) H FLEE — A LAS i i
WE W, /RIGBIEK S LAS W EZ W FEAR, Z£55 81 X (400mg/kg ZbH) 85 86 X (80mg/kg
L3R ) B BE A E i,

WRALRAB UK P LASHE (C IR T RAB MK LASHKE (CKC, ) KPR
WHEZET N LAS % 1K, LASEFA LB ME - RFEF B H 23 K. KBRKE
BAAR KERAEES S8 K, LAS KEFHRE_KHAR.

BEAR LAS TE PR TR A9 5 — KR B (8] — 4%, (B ZE /K AR L3 58 — KSR & BT A bk i 7K
B 69mm, MAEKET K 9mm. Bl LAS EXFF HIEFHE - KEESABKE
FoR (F£ 9~ 69mm TEE P), TR BT FAEE K, XR\EHRLE —EKBEMT, K LAS
DAE 5 ) 2 BE I 4, TLAS 5 48 2 R 3 A SR B R B / TR P 4. AR AR Lk K
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BMERXE, WRALASE-KRFELARNEERAZ LRKH /TR Y. Bk
Rit, TP FERFLBRFRSGKI, LAS B R X 5 13 & £ AHEAE R BRI RE 4R S /K iR
HEFEE R, TE AT ] B e (B K /N TR AN i 2R 10 AR LA L L RT BN, B — IR FEE R
KGR LAS LA B IBMNEE. LAS ERAFERABEHY LEPHIH, K
AXMREFEHIRDC,

R, FRRl IR R R FLBR R AR S KW B E R E RRAL, LM
WX, £ ZEE, TENGREREEERN, BAXHMH T EXAREANERRE. B
RKBERIH HE ARG HZEA B, BEHTHAZHEMERR —#8, REENRAM
BIERFLBR M AR, XEii T LAS X Fifh LB L e T & RN AR R
/.

LAS ZE/K#8 T3 AR & 138 0 58 " EF B BT Bk 7K B 435125 185mm A 178mm, P
ERIEBEE REWENFENBEAHE 14 ROKBEIH 4 K. KGR 58XK)., XRHME
LAS 5+ H iR K/ RBGEBER T V&, X—FERZ DIERH /%t 2 EH
“HIE %, TEZ LN FRAUKRERIOHA. LAS M55 B I 2 R A / % it
BrrrFanE, EKB N REEE ESRIRATT 21 XM 35K, X—8RERUAMRE
KR EELEFWEIBEENEIBEERAE TS TENEN. ERERARAEF
B YR S T R T B YR BN 20% ~30% (B 13PN IR ) TEKRR K, X1t
fH ] 3k 30%~ 86%. XEEFMEEMN, REKRAYHRELEFIHNIBECAEEENY
.

3 Z5ie

B ERTIEE R, TR B I T 4.

1. URRhSTE A IR A8 1 i 28 AT 0 P A AT T LA S K U i K AL B, R 3 o
TR R KRILRAMGE KRR TERESER. EXHEELBX, KR RRED
TR KR = E0 E FEE. :

2. MEKRNYRELEIWIBEENIBERS T2 EENE M, 'Hi%ﬁy%
HEEETE.

3. FEVRBOAE R SR ZU A 16 BE X, BT LA i Rk BRI O R K B E)
& EI AR K AT AL, W AE KRR LRI ES.

4. HBERAWAML AT SEERKIHHER S L EME/ERAWIL LB E
RE, NEA R RIS EBEMTN. REITBIR (TREE . TBRKE. BRIB
B)FEZ LR ESEMMAILRKM Y m, B EED mWa™?, HinR 8RR &4 ik
B)RAABESANESIEE, ER—HEXAN TR X% L ERRAR L TEEALKE
U1, KRR ETHBRITUBMAMN. MRAREZEAEFEZFEAR,. LA THER-#HK

() BERHE. ®XRAELR-ENRATIH. EFEREKTIR (208X, PENERTLELASSRRE
B, 1996



346 + % ¥ Eird 36 &

R — 3. fE Y KB RIS R LR R S EEH ), ek imite s di
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MACROPORES AND PREFERENTIAL FLOW AND THEIR
EFFECTS ON POLLUTANT MIGRATION IN SOILS’

Ou Zi—qing Jia Liang—qing Jin Hai-yan Jiang Xia
(mstitute of Applied Ecology, Chinese Academy of Sciences, Shengyang 110015)
Zhang Que
(Shenyang Broadcasting and Television University, Shenyang 110013)
Gao Ji-hong

(Shenyang Special Environmental Protection Equipmenit Manufacturing LTD, Shenpang 110011)
Summary

In this paper, effects of freeze—thawing and dry— wetting processes on the
formation of soil macropores and preferential flow under simulative conditions “in
laboratry, and preferential migration of linear alkylbenzene sulfonate (LAS) in soils
- growing rice and soybean in field lysimeter were studied. Results showed that both

freeze—thawing and dry—wetting processes could cause macropores and preferential flow

* This work was funded by the National Natural Science Foundation of China (Project No. 49771044) and the
Open Laboratory of Ecological Process of Trace Substance in Terrestrial Ecosystem, Institute of Applied Ecology,
Chinese Academy of Sciences, 1o which the authors are very grateful.
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in soils and that the former was stronger than the latter. The duration of preferential
penetration of LAS through 1.5m soil monolith was 23 days for both soils growing
rice and soybean. However, their leachate volumes of preferential penetration were
much different, i.e., 69 mm for soil growing rice and only 9 mm for soil growing
soybean. Preferential migration process was not governed by soil adsorption/desorption
processes. The leachate volumes in equilibilum govemed by adsorption/desorption
processes in soil were very similar for paddy rice (185mm) and soybean (178mm).
The duration of preferential penetration of LAS was 21 and 35 days ahead of
equilibium penetration for soils growing rice and soybean, respectively. The peak
concentrations of preferential penetration of LAS amounted to 20%~ 30% of peak
concentration of equilibrium penetration in soil growing soybean. This ratio was as
high as 30%~ 86% in soil growing rice. This phenomenon of preferential migration
could not be obsearved in repacked soil monolith without macropores.

Key words Soil, Macropore, Preferential flow, Freeze—thawing process, Dry—
wetting process, LAS, Migration



