364 43 E7 R = Vol. 36, No. 3
2017 4F 3 A ENVIRONMENTAL CHEMISTRY March 2017

DOI:10.7524/j.issn.0254- 6108.2017.03.2016070504
B, BT, BRER, AF. CEEEA T IINTG RTE AR S LA LS L B [ 1] BR B AR ,2017,36(3) :557-563.
ZHAO Yi, LAN Funing, QIN Xingming, et al. Influence of ethanol on the adsorption of gasoline components on different soil organic matter forms

[ J].Environmental Chemistry,2017,36(3) :557-563.

ZEEHM T RIBSRIMEARES LERV G LA R
o= EEFOREA FAE % A0 mwmm?

(1. o E SRR B a2 0/ B R A R AR S R G S A LR P S SE I %, AR, 541004
2. PEHLE R, KRR IREE TR st A 9080, Jhat, 100083)

B OE E IO SRR RIE S A LB A TS R S A SGE 1 PP SRR T LB
TR P AT R R A A iR R 5 SR T JES BRI LA < e S SRR Y R G g I R R S 2
S, TSR AR L e Sy 3, BRI PP R 6y WRE RS DAy A 2 1 A 8 R R 3 PR R R BE ) S LA IS
BT L A B D e — R N B . SR AT SRR RIARON , B TR SRR B () BN, SRR
RO ik JBE SR LR PRI, A AL L ) 0 RS R T U052 4 335 . G A, 3 el S A Y LR T 9 9k R o v £
(C./S,) Ja WY BARHEAT M , 4T £ B0 T REREAT AL S 0 A 2k T — @ R B i fk.

K@ LB, I, JEEEIR, Mo, AR

Influence of ethanol on the adsorption of gasoline components
on different soil organic matter forms

ZHAO Yi'*  IAN Funing'™ QIN Xingming' LI Yanging'  HONG Tao'?>  CHENG Ruirui'’
(1. Institute of Karst Geology, CAGS/Key Laboratory of Karst Ecosystem and Rocky Desertification Rehabilitation, MLR , Guilin, 541004, China;
2. School of Water Resources & Environment, China University of Geosciences ( Beijing) , Beijing, 100083, China)

Abstract; In order to assess the influence of ethanol on the adsorption of gasoline components on
different soil organic matter forms, batch experiments were carried out to investigate the adsorption of
benzene and toluene on humic acid and black carbon. The results showed that humic acid is mainly
made up of “soft carbon”, where sorption followed a linear partitioning process. Black carbon is
mainly made up of “hard carbon”, where sorption exhibited nonlinear surface adsorption. The
adsorption capacity of benzene and toluene on black carbon was one to two orders of magnitude
higher than that on humic acid. As the volume fraction of ethanol (f,) increased, solubility of
benzene and toluene increased linearly, whereas their adsorption capacity decreased. After the
normalization of C_ by solubility (S, ), the data show ethanol may swell the soil organic matter,
which is consistent with the cosolvent model.

Keywords : ethanol, gasoline, humic acid, black carbon, cosolvent effects.

2016 4F 7 A 5 HYH (Received ; July 5, 2016).

# VLRI ST BT S AR RIIT AL 45 95 700 H (121237128100246) , [ 5% F ARB 3L 4 (41471447 ) | B K5 ERF2F 5L 4 (41502257) , 7 P65
AFFLAE L4 (2013GXNSFBA019220) 1 [ X i 14 #5351 H ( DD20160301) %t 1)y
Supported by the Science Foundation of Institute of Karst Geology ,CAGS(121237128100246) , the National Natural Science Foundation of
China(41471447) , the National Science Foundation for Young Scientists of China(41502257) , the National Science Foundation for Young
Scientists of Guangxi(2013GXNSFBA019220) and the National Geological Survey Project( DD20160301).

# o« BIEREA , E-mail ; funing@ karst.ac.cn

Corresponding author, E-mail; Ifuning@ karst.ac.cn



558 57N 5% 1k 2 36 %

AP S EAEANR] g 2 AR, SRR T 3K 2098 309% DAL (AR B A, HELE AR IR i
AR LIESE) S RARAIA R 19%8K 0.5% (WS LAY £55) A RFERY], S LR a LR & &R T
2%}, T3 WX g AK AT B (4 B s, o LR RS 2 A 8 2 A ML, 1T EList K A BIL
WA B =R S BT S A I OC R 1992 4F Weber™ 45 1 UK + 38 HLTTRI 43 4
PRI | RGBS A Bh” R Rs 25 04 B a |, Forb, R M A LA = B L ey B 7 5 3 22 LA
LMk oo F AR AR L I R 2 B DL AR L D F R R S A8 e AL 7R L P Y S i e
T MW RE ) 50

VRN & A 1 —SERR A AL G DIV AR R, LA G e A oK o fE 3 A R B A Y
K, CEERIMBIWT S HET C O TS, £ B I 2 0 A [RI IR, a0h SR 23 ok — ZR 917 A 2R
S5 TR AL, 2 LT N i T Ao R AR 2 il R P, 2 B st 2 B o P A B BB ) — A R
IR R K, i T SRS A LA DRIk X i i v A B ST B i T R LA A
I LI A2 A

— BB 5 R I L BERE RS i+ O IR A — R AT K SR ITTAR A N e 2 Bnd < ™
I AR 531 7 A R R IR AR S 3 BT K I IRV D FL AR TS e, LA iy L TR 4 23 M R Dy
1, W5 T ANTR] HE 181 2 - 7K P A 2 v 2 P 47 S A PR A PR e ) I RREATT S, S 2 e ] B X 1
SEATBLIST B 0 BB ) AR B RE I LASD) R SRR T L3 T K R G b 2 e KU A B i B
S it — 7 B S B  FE A

1 #ES 7 ( Materials and methods)

1.1 SEEeAE R

S T AR 8 TG SRS | | B T W R 8 A R B B 1 AR S v T
MR SN 246 T 41 500 °C IR 5 b il £5. 1 b e B 500 1 455 280 100 H 0.6 58 R S BE e R
) € H N O JTCR TR T LI, LR M 318 BET 25535 F1 CTAB A , M4 5 v]
W31

R SRPTHIRE AT R AR R IR

Table 1 Chemical element composition and surface area of the samples used in this study

BEH, JCE K Element composition/ % e F
Samples C N H 0 Surface area/(m*g™")
JE IR Humic acid 38.53 1.83 4.25 18.09 4.36

Ik Black carbon 65.60 0.24 3.35 16.37 138.57

1.2 LEikE

FHICK @A SN 5 2 8 1K IR A EEH L 0.005 mol - L' Y CaCl W, SR 5 H Z B A Hidk— E R LR
A Bel B S L BER R ECR 0% 5% (10%F11 20% 1) CaCl W, 45 FLZE R L P A ik 4 Fhigs
WA MFARBEL 1:20 WY LLBIR A, i 153 C A F#E 12 h, BOR W, 15 8] AR 5L
0% 5% 10% F1 20% A VI AL FIK 598 AE I DL 5 SR FR B0 0% R38R 1L K 2 2185 0% 1Y
TRIME AR NS LB 0% 1Y CaCl, i WFE AR Hef] 1.0,0.75.0.5.,0.25.0.167 F1 0.125 S#E17HE B, #
B3 h, il 6 FIAS[FI) A6V BE VR0 TS Y WA, & CEEARTR 5% (10% 11 20% RV 552 iR AP 3R,
IRIG P R-FRIR 0.2 g JEFEMR (0.02 g SR ) T 40 mL A7 (. 5 Jo B b R I B 4 i A ) i B8 a5
YR AEIA 40 mL AZ @I (AR 2 R) , PN 555 BT 15 CHR PR WSt g e =, 25/
HEAE R AR | 12 h PSRBT 78 2858 1 48 h PN IS B ST , A i L 78 43 3R 3 P47 | AR S 86 1k
FEIRT 60 h G HUH B0 5 B T TR S s A I e
1.3 Ik

WMEAL RS A Agilent 6820 SAHEIEIL 30 m x 530 nm EAEH:, Kl %5 K FID. (35 451 . FID IR
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2 5L 59798 (Results and discussion)

2.1 LTEEXRTV A 05 M)

FEARSZIG T 3B VR R IR AR RN B R R BB S R AT H (IR 1) |, Bl B AR R 435
BRI 28 AT 2 ) e S e M T %)X N 2 B R ST DA G HAr T —Im R IR BE S K 4
55— X RES B K A HLTE Y WSS A BEUS A SRR i K M HIL) ] 7K AH =22 8] 6 S 5, $2  H:
FEVE TR P B VA A B RSN BROKS 2 3 Rl BE A% 188 I 0 /K 1A AL A8 K v 32 ik 8 1 e TR Sy <« i I R
m”[l&l‘)].

2
% Benze y=0.734x+5 55
R*=0.927
20 A B¢ Tduene
% Tdu P<0.01 A
o 16 A
n
z 12
“ o y=0.113x+1.024
R*=0.918
e P<0.01
01 I 1 1 ]
0 0.05 0.10 0.15 0.20

fc

B 1 R CEARR SRR B bR R

Fig.1 Solubility of benzene and toluene in the presence of varying volume fraction of ethanol
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Table 2 Parameters of benzene sorption on humic acid and black carbon in the presence of varying volume fraction of ethanol

Freundlich 571 Linear F7
AL RPN Freundlich model Linear model
Organic Etl?anol K,/ K./ K,/ Ko
matter fraction/ % 1/n R? R?
(mg™! (L™g) ") (mg-g™") (L-g™h) (mg-g™")
0 0.089 0.049 1.770 0.922 0.047 0.035 0.918
JEBETR 5 0.032 0.060 1.189 0.949 0.033 0.056 0.979
Humic acid 10 0.036 0.068 0.664 0.981 0.030 0.077 0.974
20 0.027 0.084 0.855 0.937 0.021 0.089 0.977
0 2.401 2.179 0.322 0.988 9.661 7.149 0.814
Bx 5 1.680 2.060 0.389 0.959 1.996 3.371 0.888
Black carbon 10 1.060 1.749 0.533 0.970 0.889 2.277 0.944
20 0.977 2.125 0.699 0.978 0.828 2.518 0.977

R3 AFCEAFD BT HARTE TR A R b iS5

Table 3 Parameters of toluene sorption on humic acid and black carbon in the presence of varying volume fraction of ethanol

N Freundlich £ %1 Linear ¥ %!
Oﬁm‘ﬁﬁ: Z‘@i};{fi‘ ?éﬁ Freundlich model Linear model
e ' .ann Ky/ L e—4 Ky K gnom”
matter fraction/ % . 1 1 1/n R? 1 ] R?
(mg"! (L"g)™") (mg-g™) (L-g™) (mg-g™)
0 0.071 0.398 1.236 0.971 0.086 0.347 0.984
JEEFEIR 5 0.062 0.446 0.866 0.985 0.049 0.472 0.994
Humic acid 10 0.066 0.685 0.859 0.964 0.048 0.729 0.986
20 0.057 0.639 0.822 0.963 0.037 0.702 0.983
0 17.543 31.088 0.310 0.981 55.399 223.70 0.823
Mok 5 12.607 30.211 0.384 0.986 8.657 84.130 0.863
Black carbon 10 6.693 26.097 0.500 0.989 2.845 43.163 0.939
20 4.488 22.753 0.552 0.986 1.812 34.370 0.950
107 () O %R Humic acid 1001 (p) o JE%EER Humic acid
| 2% Black carbon B % Black carbon
10f
1r
>y vy
&b L1 r
0.1F
H 0.1F
0.01 0.01
005 010 020 005 010 020
fc fc
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Fig.2 Adsorption capacity of benzene and toluene onto humic acid and black carbon

in the presence of varying volume fraction of ethanol
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Fig.3 Relationship between Ig( C, /C, ) and volume fraction of ethanol
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solubility and parameters of cosolvent model for benzene and toluene

AR Solubility/

oK ,'2”

Target compound Adsorbent &% (mg-L7" 15 C) o “

JE R Humic acid 1.634 0.573
7K Benzene 2.13 1680 2.85

% Black carbon 3.548 1.245

J&5 AR Humic acid 1.603 0.512
H 2 Toluene 2.69 470 3.13

% Black carbon 3.719 1.188

3 %51 ( Conclusion)
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(3) CEERT R - A LT & A s K, — 7 T 08 - 384 BILJST A < s ™ AR AR R 384 KAE L 1 i 43
B He A5 5 53— 07 TG S -SSR N ST Y W B A /D s TR B A I B o

2% 3K ( References)
[ 1] KARAPANAGIOTI H K, CHILDS J, SABATINI D A. Impacts of heterogeneous organic matter on phenanthrene sorption: Different soil and
sediment samples[ J]. Environmental Science & Technology, 2001,35(23) :4684-4690.
[2] HUANG W L, PENG P A, YU Z Q, et al. Effects of organic matter heterogeneity on sorption and desorption of organic contaminants by



3

855 SRR R VNS QI AN TR 25 A BT L B B 563

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

soils and sediments [ J]. Applied Geochemistry, 2003, 18(7) : 955-972.

CUYPERS C, GROTENHUIS T, KLAAS G.]J. Nierop, et al. Amorphous and condensed organic matter domains: The effect of persulfate
oxidation on the composition of soil/sediment organic matter[ J]. Chemosphere,2002, 48(9) : 919-931.

WEBER W J, MCGINLEY P M, KATZ L E. A distributer reactivity model for sorption by soil and sediments. 1. Conceptual basis and
equilibrium assessments [ J]. Environmental Science & Technology, 1992,26(10) ;:1955-1962.

LEBOEUF E J, WEBER W J. Macromolecular characteristics of natural organic matter. 1. Insights from glass transition and enthalpic
relaxation behavior[ J]. Environmental Science & Technology, 2000,34(17) :3623-3631.

LUTHY R G, AIKEN G R, BRUSSEAU M L, et al. Sequestration of hydrophobic organic contaminants by geosorbents[ J]. Environmental
Science & Technology, 1997,31(12) ;3341-3347.

LIU P, ZHU D, ZHANG H, et al. Sorption of polar and nonpolar aromatic compounds to four surface soils of eastern China[J].
Environmental Pollution,2008,156(3) :1053-1060.

ZHANG J, HE M, LIN C, et al. Phenanthrene sorption to humic acids, humin, and black carbon in sediments from typical water systems
in China[ J]. Environmental Monitoring and Assessment, 2010,166(1-4) ; 445-459.

DAL S BT 3 T M DX T G5 B s B AR R A [ 1. v A ¥ ,2011,30( 1) 1 113-118.

LUO B J. Analysis on the characteristics of underground gasoline pollutants migration in a certain karst region in Guiyang City [ J].
Carsologica Sinica, 2011,30( 1) ;113-118(in Chinese).

WRAE e B, i = = T I VSt DXt /K R A TR T AR AE [ ). T A, 1997, 16( 1) :35-40.

CHEN Y D,ZHU X X, WU S S. Pollution from of petroleum hydrocarbons in subsurface water sources of Linzi area in Zibo City[J].
Carsologica Sinica, 1997,16(1) :35-40(in Chinese).

T, A R SR A5, R K T LB PR AR 2L 50 is B 5 A IR AR AOWFSE [J] . KORI2#41,2009,40(7) : 878-884.

JIANG Y P,CHEN Y D,ZHU Y N. Transport and biodegradation of ethanol blended monoaromatic hydrocarbons in groundwater[ J].
Journal of Hydraulic Engineering, 2009,40(7) : 878-884(in Chinese).

CORSEUIL H X, KAIPPER B I A, FERNANDES M. Cosolvency effect in subsurface systems contaminated with petroleum hydrocarbons
and ethanol[ J]. Water Research, 2004,38(6) :1449-1456.

POWERS S E, HUNT C S, HEERMANN S E, et al. The transport and fate of ethanol and BTEX in groundwater contaminated by gasohol
[J]. Critical Reviews in Environmental Science and Technology,2001,31; 79-123.

CHEN H, CHEN S, QUAN X, et al. Solubility and sorption of petroleum hydrocarbons in water and cosolvent systems[ J]. Journal of
Environmental Sciences ( China) , 2008,20(10) :1177-1182.

BOUCHARD D C. Sorption kinetics of PAHs in methanol-water systems[ J]. Journal of Contaminant Hydrology,1998,34(1-2) :107-120.

RECKHORN S B F, ZUQUETTE L V, GRATHWOHL P, et al. Experimental investigations of oxygenated gasoline dissolution[ J]. Journal
of Environmental Engineering-asce, 2001, 127(3) :208-216.

ZErO. HIE AR RAEL ). BEPLT., 1998, 27(4) :11-13.

LI K B. Extraction and characterization of humic acid in soil[ J]. Shaanxi Chemical Industry, 1998, 27(4) :11-13(in Chinese).

LEE L S, BELIN C A, PINAL R, et al. Cosolvent effects on sorption of organic-acids by soils from mixed-solvents[ J]. Environmental
Science & Technology,1993,27(1) :165-171.

WOOD A. L., BOUCHARD D C, BRUSSEAU M L, et al. Cosolvent effects on sorption and mobility of organic contaminants in soils[ J .
Chemosphere. 1990,21.575-587.

BOUCHARD D C. Cosolvent effects on sorption isotherm linearity[ J]. Journal of Contaminant Hydrology,2002,56(3-4) :159-174.

SR BB, V2. RIRHBURE i A HLBTZE BT SR M - 52 R [ 0. BRIERLEEST, 2004,17(4) :74-76.

DANG Z ,HUANG W L, PENG P A.The relationship between the composition of organic matter in natural geo-sorbents and sorption-
desorption of phenanthrene[ J]. Research of Environmental Sciences, 2004,17(4) :74-76(in Chinese).

HER, BARAR, RIS, A SRS R SRS B K A A5 T R R S [ ). RS | 2004,25(6) £ 145-149.

YANG C, HUANG W L,FU J M, et al.Sorption and desorption of hydrophobic organic contaminants ( HOCs) by different type of coal[ J].
Environmental Science, 2004,25(6) :145-149(in Chinese) .

S, SRR, BT, S5 AR b SERTIURR W o 3E A W BRI AT D B A W T R R R (] BREE AR, 2010,29(5)
848-855.

QI'Y C,ZHANG C D, WANG H, et al. Effect of black carbon on sorption,desorption,and bioavailability of phenanthrenein soil and bohai
sediment[ J]. Environmental Chemistry, 2010,29(5) :848-855(in Chinese).

TR PNUITE D AR SRER DU T K M DL e i BUE A S R Y R S T R [ 0] R ARAR: 2014, 33
(12) :2058-2067.

CHENG G H, SUNM Y, LUO L, et al. Locking and biodegradation effects of hydrophobic organic contaminants (HOCs) by black carbon
associated with sediments[ J]. Environmental Chemistry, 2014,33(12) :2058-2067(in Chinese).

SPURLOCK F C, BIGGAR J W. Thermodynamics of organic-chemical partition in soils.3. Nonlinear partition from water-miscible cosolvent
solutions[ J]. Environmental Science & Technology, 1994, 28(6) ; 1003-1009.

NZENGUNG V A, NKEDIKIZZA P, JESSUP R E, et al. Organic cosolvent effects on sorption kinetics of hydrophobic organic chemicals by
organoclays[ J]. Environmental Science & Technology, 1997, 31(5) . 1470-1475.

TEMESGEN GAROMA, LACY SKIDMORE. Modeling the influence of ethanol on the adsorption and desorption of selected BTEX
compounds on bentonite and kaolin[ J]. Journal of Environmental Sciences( China) ,2011, 23(11) ;1865-1872.



