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i E #/10.5 mol/L NaOH F10. 1 mol/L Na,P,0, R/ FIM LR H RIMAYER, H AMEHAT TGRS
BT LTAM S B A C BRR AR BT, SRR, BRSO 1 SR AR L, 1Bt £ — S
£5,Na,P,0, REUGHIBRR L NaOH MM BAFEFRBRR REERR BAUEEHRATEREHRR W
SE T IFTE 6 IR L A9TR M4 IR AR , Freundlich MBIREF A1 & T BT A MR 4F B 46, MG R IR r #97E 0. 992
Lbo AR ERS K, SHISE TR AER(POC) ZEFAEY] EMAREMXR R FH R ERBUNRBIRRH0E .

xR IR, 3E, RIRERZ
1 3 B

FEFER R I DU E B AR , KA B YRS R 50% ~80% ", RIS AR . B AR AN
HIER HPRA A SR EEM . NaOH MBS AR RGN, 88 BRI Ma. fHd
B NaOH B3 B Mo s BBk mmE. B, BEPEARS, BEAHRMEH £k R M.
Na,P,0; VR AR RS K R KNI  EMIRBCRE LU NaOH W4 S HE B ERS T8
BERIYIBR . Schnitzer 4 BFIY 4,2 FHRICRHRIBUASIBIRAEYE R L ARARML, (A IFEE— 2R

RS SAEE ARFERA, TSR T A4 T YRIAERFAIE R RENE
YER, FEE IR X S R ERIRAT . REBT I MR ML IERS TR B EA VS YR
TR AL BREAEENE L DEMTAEXNA R L08R — i A R R E LR R
B, XL SRR A M LA TE BRI B, SRR BT A ) TXH AR L4, IR R G HLIR I
PR BRRE T EERNRER D o IS 5o el B2 e F R B A LTS B M A T b R AR
Ho Bk, 4 %% KA NaOH Fl Na,P,0, IS HISREL 39 b SRR, X HoAk BN ZE s AT BF 52 ; IR
PR IEE IR B BOR b R R AR , PR DR SR B _E B2 S X B IR PR AT S BRI

2 ZEH

2.1 SHEMAHRNSa4{
2ASEERESCR B BRI R R 2 L4, 95 GZ1 ,GZ2; %#/\%%@ Chelsea i X #y R 2 1.3,
S CHL, +MIZERE EYWRE, BRRTEEDL 0.9 mm FLAMHE&H. TER[6151H T+
AR,
NaOH f $R BRANAE b 13 2.5 R I B JBE ZRL AR T 2 (THISS) 35 AR v ikt MM&*W] ORI
I BERIER(2,9], ke BB TG &,
2.2 UBRERAE _
PE2400 SERIES 1l BISTEAHHL(EE PE AR, e HHm+ C.H.ONSTTES &, J%ﬂﬁi@
B A TP b 7E 750°C S F mk 4 h M K4+ & &, VECTOR33 B 4T 4P %184 ( #E Bruker 23
H]) , K I E 4000 ~400 cm ', A BEFE 4 om ™ BAEE AL SR AT KBr FE A R LM LIS R . DMX-
300 BB RESEIRBEIE (N (F8E Bruker /48]) , °C # AL 75.476 MHz, S BA A EL 1% 4 mm B FAETE &
REEE TP, 553 10 KHz, H2fbATE] 1000 s, 348 UEL 2000, 348585 3.5 h, FE 10 mL L5 N
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AYERERF R RS R , SRIG A 10 mL R 3R R SER, OB H O, MABIRIRSE 2+ (25C) i’
14 d, BUHZHRMABZERE | d, iR 8 PS8R 8 RTTRET &, K5 FFREUE Ei§l. F HP
1100 29/ RCHUAE (B SO 2 SE ROV 1, BR R 1378 B i VB A P SE A W o

3 HR5iTie

3.1 TRAEM

BMMITTR ST RIIER | P, BREOSRLE 48.7% ~53.6% 2 6], Fil NaOH 42 B A% AR
FiI Na,P,0; $REUNTR & B B — L0 MM A RIE32.6% ~39.7% 18 e
Z[E], Fi NaOH $REUASABAREL A Na, P,0, RIMEASBEM/— 16} N
S, SEAHRLH, PR MO B TR AR BB Qe o
—gb 5 NaOH REAMARM H/C T LB S — &, 38 0 5 o .
NaOH $REUH MRINFTHIEED, RA B, NaOH BB L . .
B O/C RFHEM—&, SHHMmP R ERAN SR 04 045 05 155 06 065
(R BRES) B o—s, B 1 o SR R R 3R EG0 1
KRB, Na PO, JRBLHYS I O/C JRF LLBER , B Fig.1 van Krevelen plot of humic acids
BARBHAREEIER, X 5 Schnitzer 1 BRI 45 R —, (HA)
#1 PHRHTRAR

Table 1 Element composition of humic acids

A,
)

Bl MK KE

% e BIWF JLERH R, Elemental composition (% ) FAy
Soil HA Treatment C B N s 0 Ash
cz1 Ay NaOH 52.4 6.6 3.8 1.6 34.9 0.7
A, Na,P, 0, 50.5 6.3 3.5 1.3 37.6 0.8
oz B, NaOH 53.6 5.6 3.7 1.7 34.3 1.1
B, Na,P,0, 50.0 5.0 3.2 1.5 39.7 0.6
CHL G NaOH 51.4 6.0 3.3 1.1 32.6 5.6
C, Na, P, 0, 48.7 5.1 3.0 1,2 37.2 4.8

3.2 4rShkig
LM (IR) BEMEATE VY B R A E R FBrZ —, AT LRI L0 51 2 WS ith 28 e o7 L W 1A

BTG R AL YR B LT RE """, 6 MABMMLS e IE 2 iR, B 3500 ~
2500 om ™' 5 B Y FE e CRERAGIE M A3 H SR T4 4 19 OH ZEH M4 4R 3h) ,3420 em ™' ( O—H Ma{R
) AR TSR AR, RRAR, W 0—H S|k, IR3hmR
AU, 3 FL ¥ th % 55 T 3 3000 ~ 2800 em ™' ( CH,, CH, 3+
C—H @M @aEIRS)) ,2920.2850 cm ' 44 BLHE 5B /M (CH,
#p C—H BEMEIIRS) , MWL AR E CH, ZF C—H @&
TR, LHSA G CH, ZAMHX F R CH, REPBE,
1720 om ™' GREGEEFH C=0 MiIZIRSY) ,1620 ecm ' (GFEFH 4050"3550""3090"T090"
FHAEREN) , 1540 om ™' (fHEERE T145) , 1460 om ™' (CH, HIBY viem'®

AEFIRE) 1375 om ™ (CH, WX HFAEAIREN) 1230 om ™! (Pok M2 WMBMIIDERE
WA EH C—O M4 IR3h M IFEE R W #5) A1 1030 om™’ Fig.2 Infrared spectra of humic acids

( Si—O0 MRS MPALAY LM C—-0 MEEIRSY) , LLHMEE I —A 55 O FFEHLE 765 cm ™' 4L
£(CH,), (n<3) MIRIFH L C—H TSRS M. I E B RARMEN EREHATH 5
BBk EY BERESAVE FELSYUR S AEMRE R BE FEES), HPERR
FARE A AR B, .C, LN R B, \C, 7 2920 om ™' (CH,) 1 2850 cm ™' (CH, ) Ab W5 , 7E 1720
com ' AL b NaOH ¥4 W R BUA SR IAR A3 35 , UL HA AR BERREA 4RI A AR LU NaOH 935 (LEE &, H
BRBRLNRRER TR,
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3.8 C.OP MIAS NMR

BEAEKPFRERY SHERC-CP NMR & F LM H 0 ~ 50 MK ER#ERIZESX,14. 8,
22.16.,33.5.39.:6 b RLHHHRR F BRI ;50 ~ 110 (X |8 ZASBTBREF S, Bl BB
BFREEPERAMN C—0 B C—N %5, HERRE 52.8.55.5.63.8.,70.9.,78.6.91.8.97.5.102. 8
SO E R W B, Hop 55.5 #1709 AL RFNE A BE K, RHERERPEE—CHEN R &
#( —OCH, ) M5 — /- EAAENLE R (LB EAE 110 ~ 165 KB ZRFFHRME S, 7 117.8,
124.7.129.3,145.5.150. 4 % 4b74 7 ~9 Mg B, H A 129.3 B - EBEHE, B UEEREERAK
FE BRI ; LA EAE 165 ~ 190 WX A 2R B BEHESK,E173.7 AU A -1 BF
AN, X R RMUE BB M ASFAE RS ; 76 190 ~ 220 X (] B E B BENFSX, HEREX —XH&R
BB EMYE, R 196.7.01207. 4 43 ~4 /g, LBIHERP EF O BRAORE.M
#.°C NMR R BRHEMPTESHRE MEE BEE RUBENRYNBELTEEA Y,

2 PP THER P AR BB HRHERL. XA AR, 750 ~110 MR ERHRFE
9, RICEEE C B O i N B C—0 & C—N ML ;0 ~ 50 WX [ B K EHZHIFIERX,110 ~
165 B X [a] B I FBR IS IE K AL ESE — A0 BA SR AR £ 5Kk (polar organic carbon) EBFEBEME
Ro BEf A, B, .C, XA A, B,.C, # POC EE/), BMAERERN IR B SRR LL NaOH SRV & A
BEAORMEREA, XSRS NLIMEEHNTRERRE BN,

£2 HERPRFEBERNIGE (%)
Table 2 Integrated areas (% ) of humic acids (“C-nuclear magnetic resonance (NMR))

f= Ao et Alkyl O-5e3E O-alkyl ¥ Anl O-FH O-aryl M Ca{l;())xyl # % Carbonyl

Sample 0 ~50 50 ~110 110 ~ 140 140 - 165 165 190 ~220 PoC*

A 25.40 33.11 28.81 2.88 8.66 1.15 45.80

A 24.27 40.64 25.17 2.41 6.08 1.43 50. 56

B, 24.00 38,34 28.90 2.37 6.07 0.32 47.10

B, 21.56 42.38 27.24 2.04 5.84 0.94 51,20

C, 33.49 34,19 22,99 2.12 5.73 1.48 43,52

C, 23.99 34.87 27,65 3.16 8.88 1.45 48.36

a. POC = O-alkyl + O-aryl + Carboxyl + Carbonyl,
3.4 MMERLE
W TIEASEM LR SRE, RIFFEEZ AT 2 MEREGR .

%ﬁﬁﬂ: 4. = K[)Ce ( 1 )
Freundlich # %, q, =KC] (2)

Ferp Ky R P HFR I R 2, Ky 2 Freundlich MR F 5% Iy 4 B IR IR BE A KK 4, n FIRIEREH
BEAHEH.

LRYAR K SYSTAT £ 0 Freundlich MR £1 5 IEMRIS R, BREEE 5% H&H
TR HA MR R RARER2E, SR FIER 3 h, FEREHSRREA U TR (1) REE
BMAEEREHERNRMFEL, Freundlich AMRTMEIEG THARMERR, HERH r B
0.992 LI, HRAFLMEMHEE n EFE0.777 ~0.874 Z 8], YLHASEFESA AR L RIFRIERMT R ;(2)
X IR 4, P [ S B3P 42 B Ay A AR A R A 42 SRR AR 0L (B R — 2622 R A, B, \C, LEXTRIMY
A;B, .C, BRI SR K Ke (HE K, n HE/D, KIEPAVIERY USRI REABFIE P, HE L
REBRH T ARMERIE L. BRI FUKERIGERYRERANRNAR, TERULSRY
RIHIE, T A, B, C, RAEEDHERERER, BT B R VI IE R I 8058 iR R R L
B () AR L kiR, i THERS AV B AR E YR EREARR, Bk, FHERREGH
BB RN IT A E R,
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Table 3 Sorption isotherm parameters for humic acids on phenanthrene

pFo8 LR Linear model M A Freundlich model e
Sample Ky r Koc Ky n r
A ( i‘_"bgg . 0.963 32.275 (514..:7293) (8: g‘l’g) 0.995 10
.34
A (‘ﬁ > 43) 0.956 36.309 (510_-69‘6:) (8: gg;) 0.995 8
B, (115%.102754) 0.975 33.746 (616_-0377:) (8: gg) 0.996 10
B, (210'-102‘57) 0.968 40.159 (512"130290) (8: gg;’) 0.992 10
c, (16"'738274) 0.969 27.857 (413' '(%53) (8: gfg) 0.996 9
14.737 32. 961 0.874 ’ .
c, e 0.978 30.242 Ce oo 0.993 10

a t95% BEMKXM( £95% confidence intervals) ; b. 3ZI3 5 ¥ (number of observations) ,

AT BN F BRI Z BIRIE R H R, EXLTHRPIERY K., : K, = Kp/f.. S TR

FHRIKKNREN M. B3 BRTAIRI KR K. 55888
PR PR (POC) FFE—E IR MER R ,r =0. 7429, BEE SHMT
AR I, FA YRR 3 K, (B AR b, B R 2B
BB IER R RE SN T o A, B, C, BB A,
B,.C, FHIRHREEER, HEEEBRMARRNABRAHE
BRGUE  BRNT T8, B AEBRXRA R LR
Ko B3 ik 7R FIAR 168 BRI A R - 398 b SR A 8 AR B
KUARKRIEWHF, A B, C, HABAMEERI r=0.9846,4, .
B,.C, Feah MK R $ r =0.9684 , S BIRBUN KRB R Rl Bna kL
BT R BRI, 7R 2 WA R R B A AL 75 e D RO B 45, A S R
ERIEATXF LLm, PR HE R {58 P v D AR S 4 R AR R R BB
BB, BN L SRR S 2 i T RGN R T
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Structure Characterization of Soil Humic Acids and
Adsorption Equilibria on Phenanthrene

Liang Chongshan "', Dang Zhi® | Liu Conggiang'
'( State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry ,
Chinese Academy of Sciences, Guiyang 550002)
% ( College of Environmental Science and Engineering, South China University of Technology, Guangzhou 510641 )

Abstract A better understanding of sorptive behavior in humic acids ( HA) will help to determine the
~ sorption mechanisms and fate of organic compounds in soil. Humic acids oxtracted by the 0.5 mol/L NaOH,
0.1 mol/L Na,P,0, solution from the same soil were characterized by terms of qualitative and quantitative
techniques including elemental analysis, Fourier transform infrared spectrometry , solid state “C nuclear
magnetic resonance etc. . Two types of humic acid have analytical characteristics which are very similar, but
have a little difference. The phenanthrene sorption isotherms measured for HA sorbents are nonlinear, with the
Freundlich exponents (n) ranging from 0. 777 to 0. 874. For the same soil, the Na,P,0,-extracted HA
exhibits more linear sorption isotherm with larger capacity than that of the NaOH-extracted HA. The plot of K,
for phenanthrene vs. percent POC ( POC = O-alkyl + O-aryl + carboxyl + acrbonyl) shows a consistent trend
between K, and POC. Because sorption of nonionic organic compounds as solutes from water to soil is predom-
inantly controlled by partition to soli organic matter (SOM) , the extent of sorption may expect to be governed
by the polarity of both the solutes and the sorbent. Data suggest a consistent trend between K and POC a little
affected by two different extractants.

Keywords Humic acid, phenanthrene, sorption isotherms
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