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Fig. 1 Flowchart of extraction of organic matter from soils and sediments (from Song Jianzhong)

3 TH/MBMPRAGIR

K2 B H N LR PURYI AT LTS e (1
B B S5 s o et b S ATAR W R OB ) 2 23 AN AT AL
TR SE e TR T R AT, AEKHR
B R AR, AR > T S R I 4
A o P IR SR RO, ARRRE A L S
WA, I, DO AL ST BTG R
MR B 1 K B2 18T SRR BRSAES A F 11 32 B 2 AT L

HAT, B3, KGR AEAER NOM
MPEmE . AUS A R IEAF ARG 2, (HELA
WA R AR Y], NOM Je B — 2R+ 0 R i F 2
WALy, NOM S5 HEAIAS AT AT WL A ot
HIAHEAE R, AT LTS P A7 B RE S S5 Rk
. BL, BT RS Y R KPR 4T D 45
B HA R FH 0
3.1 WRMtEREFAREANRMIESIER

TR, W EA HLT (Dissolved
Organic Matter, DOM) ¥z R REMEH AR T 7K TR B
WAL 5 Bt R B PR 1 PG Bk
WAPH S, REHSEANA R, (HREMITE
Y, XLV IR HLSOM AT ALY G W S 1 v
YER o QoA AL B A g o (W A T o A1
B2, ] SR B K A AL AE TR
IKIABE R o Ie,  EL 4 O3 eAT R B A A o
IKAEAT AL AT 30 Ao ARV i AT ATL T L g W B 4
KB I B Ak AT A AE Gy R R, R
Iy AEAVUE SIS P TR 1

Gao 2B %) 48 [¥]) 1 #5 Teufelsweiher i JT B4
A BRI 7AW R, DR A (in site) 153
()75 1) Koc {8 EESRE % e (EARVF 2, 1t WA
Yt DOM W TR R, SR T m, X
IR RN R ORI T 2% HOAAE AR T i A 4 ] )
FAYERI TR ) o Chious NVR L3/ 0B b



551 BE ML

3R RIRAT LSO B A VAT LTS G 1 W B A 27

DOMZ: 42 i A LTS B WAE /K R R, P8R
ZIMREPERR . LR RS2 058 5 T 5 DOM
LKA 855, SR 07 RS TS
Rl IR A L. T IERK AR - DOMBE INIE 22 34 75
AL RS, el & RE N 22 34 05 A 1 4%
S E A, I Ly S TR AL
YR Z . Johson FIAmy PWFST & Bl sy iR
PRI (HA) FIE IR (FA) fefig W]
R PR TR MKV R, 1T ELS RO R SR L TR
WWE. Joh, RS A ER S, K
TKAH I 2 3855 1 - BB FE I TN 7 30%, X AF 5t ]
R P s 5 T AR 2 T 3 P ) et v 22 34 05 R (R AR )
AR, A TR 52 G I s TR 1S 2 A2
B5.

AN, ANFESRIER DOM X5 4eMnaiists A i
S 2 SR, A NSRRI SR T K e B
KRR 6 A 433 S TR IR it b 23805 e 2R AT L
WEY (25, FE. ) B TERS, N 'H NMR
DUE FE ity P RV IR BLSUR A 2 A, RIS RAT
BLJTT A 1R JE A I I AT LA AN 7 B AT LA R I
P& DTk, H 5 AL SN 2 R 05 RS B
(AW BEHAE FH LG T 107 e Ak 55 91453 22+ Freundlich Wt
TR B0 ) Bt W A A LT A 1 R A 1) G 22 i e
fik. Gauthier 2 AUV M ITRL 4 AN 1158 v 4 185
14 FPAS [F] () SHESOR A B HLR, AR5 5 HEAE AN R TY
FHIIR AN S IR - /KR R Ko oft, 45 R RN O
iR P JE B R T EE TR SR B8 B £ 05 4 A 1 5 o i
5, T ELBS RN D5 AP, Koo fHB/N
3.2 RABHRBIFHRIEXT HOCs IRMH{ERBIF

M
3.2.1  RIRAE ML ¢ i1 (heterogeneity) +
B I U A o€ TR SRR AL A A, — AR — 4
ToE TG FANBAR R AR AL T TEH L P BT IHT
B LA AR N D e s B R R R, HOY
TS R Tk, BRIEEE M. &
HRERZ MR, RIS TRM, HEMm T AR
SR ERE, EE BRI DT R, HEE
FER S LI B o A 4 S R, e
WA IR T (kerogen) RIS o I RWEFTEH
M1 Hr RIS, SRR A P AR AL
ST BE SRR S8 R ARAT AL o (1) 2
gy, i AT AT P R A LRI 80%. THIEES 5
S JEVERIGGA PR, AN T R PR BN L

5 2 A BARS « AR (B B R — A 4 & (F
LR MRk, FACHAREEE T L, Oy A S T
B o W BES TS BB AR LL, O/C FITH/C JRf L
WA R BE, HAA R TR A A MR . ik 2
WU K ARAR AR T L IS A BRRHP AN 58 AR
e, ANURE—D A SRS i R, Hoay
FURBIPERRAR, S5t B e,

B, PV Dou A HI 6 2 40 BT H-NMR
F1FTIR WFSE T #ie  H /K A HLs 4L A 4 44
FROE, JF5 % HR. SHBIRIEAT IR .. 45 AL
R & A KB T B IRABRY I, hieie %,
SRR E LR DL A A ORI R AL N 1 BRI .
KA AU 32 oK Sk, A K&
ks, EBEAMAY L.

gt rp A NIRRT SRR VE = A U 3 53R
A LTSS R I S HLTR R T A 355 168 T PR AN 45 5
PR RS A, A g A R E R . A
HUTH B AR SRR YR T2 AN [) B i
A5 Er B B, B SR UK B AR KRR 3
SRR A e, L, HIESIRYA
HUTE Ry BEANS AT, DR R 21 B 7 20 i 22,
WAE SR s, YRR, KW T EIUR
i FERE R, O A R SRR g, AR R T vk
59, AL BB 1A . 15 D g
TR HURG I 0, A sk B
(AT B AR FH 2 I A ] R ALE
3.2.2 RARA ML M 5 o T SR gk R

M Lambert 5 7RI WG F0 10 13 A BT
IR B A AR RS, Karickhoff FiI Chioul'® 1)
S NAEAIE TR K A WL A 7K AR = 358 E W Bt
M T RE TAE, S4Bk kIS AL
AL P R B A B A Bk R, B K
B A WAL P nT sk AR o e 2 - ey
WU, &t —E W alE 2y, I FH 26tk 2 Fo s
RURFR IR (B, R 10 1 R 925 b Bk
LRI SIS, s B (R W B FIURE T8 R i
W v o W SRR e, IXLEHRAN R
PRI PE o ORI AT S R, AR CTE T 2k
AR 2R P S 7K 1 AT WL AE A8 T i
o btkad 90 FARLLE, X IR B A AL
75 GL I HLER I SO N i, F T A B N 3
DR A BT AL 25 04 £ B AT 1

Weber 25 AL Sy 338/ 0 B 40 h 14 WL



28 +

1 %37 %

(SOM) 2t fa AN IS — MR B30, B H T 22 0 I AR
M, SOM i k) L 1) S BTt AT LA S Wi Wit Ay 450 2 1) 2k
P R AL, SOM X LTS G it 2 W
ST HH— RGN Gk R R E 2 R RO R B e 13 40 &5 1
J¥o JE A, Huang! MK 138/ R T W A LTS
B VA GR 53 5y OTCHU IR T . TGoE TE I L35
A BB CRR) FIEER S LA N () 3 AN
gy, BUPARE B LAar ok 3, JHOBERCIR, R
B A AEZett, SEA RS, R A2 Nt

Le Boeuf #1 Weber! *ifi i 2 A 047, KRB
JETERRA — B I I AR, X R IR
A2 Mo TR (rubbery), A4 TT6
SETEI HEEA BTG BRI IS (condensed), #H
LT RERAN AU, A AR
WA B A (R U B, Te) o A ML B
WIERRIRAS IR B b 23 BO LI 0, W o 458t
SENE, ARSI ARES  I B ) A A e
F Langmuir 253 W% ff 26 71 . Weissenfelst 7145 A & B
TIEA VLTS PAHs B ] BN 180 ) 27
BRI Bl R, e A7) BT PR R B Ik A AT R K
o3 K ME A HLAL A P 7 8 0 /K 3R 1 b iR
B, T RN R B T A 5 e o TG 38 358 s h
ANy BIK ) R Lo

Pignatello 15 Xing!"® "4 \7E— R 51 Sk 45
(AT b, UESE TS LT — XU R I B 55D,
AR BTG BBy B A2 B 23 1 75 2 3 B 7e 4
77 AT, ML T B B34 . Schaumann
A Antelann " 7E AT 5T - HEAT ML 1934 77 27 5 L I
WAESE T PR IES AL . B TR SR
R BIPER A HLS P7e eAl h BHABOR Y L
A WL S R R R A AR R, AN R A R
55 7 BT RE A AR L R B AN S5 4 A1 T 1K1 32 P
A Langmuir W B SRR, G LTS W(E FLER AR
WS A T T O L 2R AR 2, IRE
SIPAE INA A, X T B A 3t 1 IR B 1 32 22
JRPH o XUBERAMEE FH T AR A UL &P, ]
HTWMYEa &Y.

dlr, AT PAHs HIWBHBIFTTRIL, EAT{E
T3 PUR P I R IEAE AR ZE S, AEAH RN A
BLik & S5O0, PAHS ZEDTRY) P 1) 40 B R AL+
By, HETEEE B TR R R R A WL
TR DT AL Sy, BN T X PAHs (RN g
% (CEDs), fbITAH PC-NMR 1IESE T +-3/508

Wb RARAT WU 75 B A Ae 22 52 P,

Perminova P25 A K B2 FR S5 R AE 19 Pk T
ANF PR SRR (HA. FA. HA+FA)
I Koc {H 0K/ JBE5E T H 5 1005 & Pk B A 1R a8
AT, G517 H/C 1 O/C [HE, Koc H5 5
R B UE AL A 5. Chint™48 \WFF74R3E 75 7
AP 5 IR AT PIAE T (SOMD 175 & 1
Z A ORI, WO PR AR R SE 4+ 4E T 5 SOM
oy K, (ERTR— T35 11 HAs BB
N, WO R AR e A Bt 5 A 2 1T 5 0 () %A Huang
H1 Weber™HiE B SOM 71 O/C ] )51~ LA A , SOM
(YK R, XA B 0 R B i K P ML S A
WK1 n AHEEE 1.0 (W51, 2). SOM (5
SRR LR/, A HUESE e RS B, WA
TR B s A 3 22, AEARHIRIR BE IO 46 2F R, Wit
Ay T AT A R Y A

LogKoc=4.39-4.63(0/C) (Ce=lug/L) R*=0.918

(D
n=0.409+0.704 (O/C) R?=0.911 (n: &R 2k
ZH0 (2)

W5%# Milewska-Duda'™ T 78 S 56 38 Fi HhiiF 52
T SRR A (SOMD S H s 1 FH ak
AT AL U B 5T, X AN R A PAHSs 7E
e E W R R . Chin™) 28 ABFSUIRGE 75 F L O
UERSIINOY WilbEcS vl CIE SR S EINE (324 ed
A7 B 5 PERE N % . Weber K Johnson!* & H
HeaAEHIKE SOM. 45t i 07 75 58 B v SO 4 1) &5
M, R SOM ZE AN —,  JLRE AT 1)
FEFER g K AT LTS WAy SOM. L iy bt ik
My 10 HARAILEREAT RAR VIR h A BT B
VR P I R rhoE SEWR B AR R SE T ST R, N AR
AT Ye A B 1 oV F 2B i et BE S AR BL, - H
TR A R SR A USRI DR, SER R
eI FIAEZEPERE N T2 A R R S T 1Y 0, 3K 10
T KPR DTS G R A I 2 5 A BILSR K
EREEAT R, I HIR AR S 1t Bt s AR F TG

Song#HlAccardi-Dey™* >4 N BT ST KL, 1358
FCRRA AP ANCE A RAR IS B8 5T, T Has &5 A
[ B JURAR PR it BE S R SR A 5T, e AT DA R B o
FRrh #RR AR LM, JF A BN R4 1 I 7 45 2R
R s 38 TR B R AR SR A 5 R AT
AT A AU R 2 o WIS IR
(2T R A AT A SR



551 BE ML

3R RIRAT LSO B A VAT LTS G 1 W B A 29

AT, TGS TR R R R SR, S
b XD A EA AL P S B . fEC A
WFFER ORI, B R R LR R T R 12 5 503 78 2 b
JE AR FAT SRR ARt R b, X AT e th T
/& B EEESE 2527 S EANIPN Ik €IV W R
B e S T 8 TR R o SR A B T AN 2 i B PR LRSS
SRR o HE, T SR AE A A 2 sty 27 5 1%
IR A AR A AR AL, DRI Tk SR R B B ATL
FIARIG R . — L2822 DRI AF R B 27
TIEX AN PR B SO HE IR < M BE S TR itk R PR 5
Giky. RITFEHATMEAIRITT, DATRA TG 5 1 3%
HRZUIRY AU, IR T
BUBTAE R B A v ke i AR H o
3.2.3  ZKb) S B X MR A o R ) A 5 Fea
W BT R, 20 AR B A U e B B A5 ke L
AR RN A, SRS R BE A L Kp K
TR RIS, Bk AR AR . BRI T X
— A AT I A A L B AR P R B AR A
gtk SRR S0 R I AR AR MR R
RO L 18 VB AR 2 AL b oA P i J A PR 1) &
AR, AR BT LR R S SR E

A, ANFRIE . AFE AR R ISOMXYS T
W RS foPR MR T 235 3] ) ~F- 48 o )t A B SR s, —
FRAE MBS 5T/ B B L RIS TR 8K T I HE R » X 4
R AE A TR R AR AR 2 L. BRI O/CHY
JEFH . BRI E, HASM S oK T, R
U PRI AL s AEBRES EIAR S, R AR
WA BACHOCH R T H . S E RE R &R/, 5L
T = YESEHL, AT b B PR AR R T A A
%[29] .

IEAh, PRI SOMALHG. MEBTHIAN R L0 1 %47
BIRGE 7L eSS PENITR R 2 NS W S i 2SR IK7)
(IR AR AN A ] Lueking \PORF9E C-FE 783
FRAS 2 R B ) (33 Yook 0D L™
WAL, BT P AE R AR (O I R AR, 1T
Jad— H R BRI s

4 FRERE

TGO IR RA HURAE A B h R 5
FEME, JCIAN R DA R AR A LT 41
AN S ZE S, R RUKYER IS R 138 AR )
) 3 AT RS S BT A 4 R i . X
T KA NS 33T 2 T8 AR AL

OB AR — 2D IR R b, T 4 1 1
ORI AN BUBUROW 45 4 2 3E— P IE TR 5%
B AN RMHE R R WU I AW RS A, AT
PG BV RFAE S RARA DU T SR A E RE AT
RIRER, RIRAHUTOAT LTS G4 2 S Bt 7
G545 A PR 1A 5 Wi 25 5 THDE AT Ay E— 20 IR 8¢
Ro MTAHTGTRUHERBATHUL . IR
ERWRE . AR LB R, i
KU RN AEAE, TR A AP B ), X
S8 i) FAR 5 R AR WU A AT R S DT R
TiAN, BATIE AT A S S HE R TR
AT AN [ S 2 38 OB mh AT B A T PR 5
EACHURFIEAL, T8 BRI T B AT ) 3 — Tl o de
ZOp S = HLIOULIN S5 BT e 12 T T g AT
TR A 25 A5G AT LTS AW ST 8 B A M dme 25 1
1, Dy ARSI R E, /2201
WFFTIRER LA S0 B S B 2 T 9 PR 2L

2% 30k

1 MRl g, BIEAETTA). dent: ARk, 1990

2 Weber WIJJr, Leboeuf EJ, Young TM, Huang W,
Contaminant interactions with geosorbent organic matter:
insights drawm from polymer sciences. Water research,
2001, 35 (4): 853 ~868

3 Gao JP, Maguhn J, Spitzauer P, Kettrup A. Distribution of
pesticides in the sediment of the smallTeufel sweiher pond
(Sourthern Germany). Water Research, 1997, 31 (11): 2811
~ 2819

4 Chiou CT, Malcolm RL, Brinton TI, Kile DE. Water
solubility enhancement of some organic pollutants and
pesticides by dissolved humic and fulvic acids. Environ.
Sci. Technol., 1986, 20 (5): 502 ~ 508

5 Johnson WP, Amy GL. Facilitated transport and enhanced
desorption of PAHs by natural organic in aquifer sediments.
Environ. Sci. Technol., 1995, 29: 807 ~ 817

6 JHAHE, REE, . WA HLE TR
W B 22 34 57 e A LTS B e rb AR RIS, A5
222247, 2003, 23 (2): 216 ~ 224

7  Gauthier TD, Seitz WR, Grant CL. Effects of structural and
land compositional variations of dissolved humic materials
on pyrene Koc values. Environ. Sci. Technol., 1987, 21 (3 ):
243 ~ 252

8  Huang W, Weber WJJr. A distributed reactivity model for



30 +

1

o537 %

10

11

12

13

14

15

16

17

18

19

sorption by soils and sediments: 10 Relationships between
sorption, hysteresis, and the chemical characteristics of
organic domains. Environ. Sci. Technol., 1997, 31: 2562 ~
2569

JEYLA, ARE K, IR, LKA AT S5
FRAE & H 5w ERRSASIRMI L. 138, 2004, 36 (1): 46
~50

Dou S, Tan SW, Xu XC, Chen EF. Effect of pig manure
application on structural characteristics of humic acid in
Brown soil. Pedosphere, 1991, 1 (4): 345 ~ 354

REF, THRR, 2% BRI =MMbX SRR
VORI DT P ST s /9. L3274, 2003, 40 (3):
335~346

Karickhoff SW. Organic pollutants sorption in aquatic
systems. Hydraulic Engineering, 1984, 110: 707 ~ 735
Chiou CT, Porter PE, Schmedding DW. Partition
equilibrium of nonionic organic compounds between soil
organic matter and water. Environ. Sci. Technol., 1983, 17:
227 ~231

Weber WJJr, Huang W. A distributed reactivity model for
soil and sediments: 4.

by Intraparticle

heterogeneity and phase distribution relationships under

sorption

nonequilibrium conditions. Environ. Sci. Technol., 1996,
30: 881 ~ 888

Huang W, Young T, Schlautman MA, Yu H, Weber WJlr.,
A distributed reactivity model for sorption by soils and
sediments: 9. General isotherm nonlinearity and
applicability of the dual reactive domain model. Environ.
Sci. Technol., 1997, 31: 1703 ~ 1710

Leboeuf EJ, Weber WlJr. Macromolecular characteristics
of natural organic matter: 1. Insights from glass transition
and enthalpic relaxiation behavior. Environ. Sci. Technol.,
2000, 34: 3623 ~ 3631

Weissenfels WD, Klewer HJ, Langhoff J. Adsorption of
polycyclic aromatic hydrocarbons (PAHs) by soil particles:
influence of biodegradability and biotoxicity. Applied
Microbiology and Biotechnology, 1992, 36: 689 ~ 696
Xing B, Pignatello JJ. Dual mode sorption of low polarity
compounds in glassy poly (vinylchloride) and soil organic
matter. Environ. Sci. Technol., 1997, 31: 792 ~ 799

Xing B, Pignatello JJ. The effect of the quality of soil
organic matter on sorption of naphthalene. Chemosphere,

1997, 35: 633 ~ 642

20

21

22

23

24

25

26

27

28

29

30

Schaumann GE, Antelann O. Thermal characteristics of
soil organic matter measured by DSC: a hint on a glass
transition. J. Plant Nutr. Soil Sci., 2000, 163: 179 ~ 181
Karapanagioti HK, Kleineidam S. Sabatini DA,
Grathwohl P, Ligouis B. Impacts of heterogeneous
organic matter on phenanthrene sorption: equilibrium and
kinetic studies with aquifer material. Environ. Sci. Technol.,
2000, 34: 406 ~ 414

Perminova IV, Gerchishcheva NY, Petrosyan VS.
Relationships between structure and binding affinity of
humic substances for polycyclic aromatic hydrocarbons:
Relevance of molecular descriptors. Environ. Sci. Technol.,
1999, 33 (21): 3781 ~ 3787

Chin YP, Aiken GR, Danielsen KM. Binding pyrene to
aquatic and commercial humic substances: The role of
molecular weight and aromaticity. Environ. Sci. Technol.,
1997, 31: 1630 ~ 1635

Milewska-Duda J. Analysis of Structure of vitrains an
durains on the basis of a dual sorption model. Fuel, 1994,
73:971 ~ 974

Johnson MD, Huang W, Weber WIJJr, A distributed
reactivity model for sorption by soils and sediments: 13.
Simulated diagenesis of natural sediment organic matter
and its impact on sorption/desorption equilibria. Environ.
Sci. Technol., 2001, 35 (8): 1680 ~ 1687

Song J, Peng P, Huang W. Black carbon and kerogen in
soils and sediments: 1. Quantification and characterization.
Environ. Sci. Technol., 2002, 36: 39: 60 ~ 3967
Accardi-Dey A, Gschwend PM, Assessing the combined
roles of natural organic matter and black carbon as sorbents
in sediments, Environ. Sci. Technol., 2002, 36, 21 ~ 29
Huang W, Weber WiJr, A distributed reactivity model for
sorption by soils and sediments: 11. Slow concentration ~
dependent sorption rates. Environ. Sci. Technol., 1998, 32:
3549 ~ 3555

Huang Weilin, Peng Ping’an, Yu Zhiqiang, Fu Jiamo.
Effects of organic matter heterogeneity on sorption and
desorption of organic contaminants by soils and sediments.
Applied Geochemistry, 2003, 18: 955 ~ 972

Lueking AD, Huang W, Soderstrom-Schwarz. The
chemical structure of soil/sediment organic matter and it
role in the sequestration and biovailability of sorbed

organic contaminants, Environ. Qual., 2000, 29: 317 ~ 323



5 1 4] DM IR TR RIRA WU K AT HLIS G KW B A 31

SORPTION OF HYDROPHOBIC ORGANIC CONTAMINANTS
BY NATURAL ORGANIC MATTER IN SOILS AND SEDIMENTS

LUO Xue-mei  YANG Zhi-feng HE Meng-chang  LIU Chang-ming

( Environment College, Beijing Normal University, Beijing 100875 )

Abstract  This review analyzes components of natural organic matter (NOM) in soils and sediments and reveals
important roles of natural organic matter in soils and sediments adsorbing hydrophobic organic contaminants (HOCs).
Natural organic matter may control fate and transport of HOCs in the environment. Dissolved organic matter may
increase solubility of HOCs and change their bioavailability in the water system. Nonlinearity of the sorption isotherms
of HOC:s is attributed to heterogeneity of structure of the organic matter in soils and sediments. Thus studies on organic
matter microcosmic structure may further explain the mechanism of nonlinear adsorption.

Key words  Natural organic matter, Hydrophobic organic contaminants, Heterogeneity, Sorption



