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Sorption of 2,4-Dinitrotoluene to Black Soil Components

MENG Rui-hong, DUAN Lin"

(College of Environmental Science and Engineering, Nankai University, Tianjin Key Laboratory of Environmental Remediation and Pollution
Control, Key Laboratory of Pollution Processes and Environmental Criteria at Ministry of Education, Tianjin 300071, China )
Abstract : Selecting 2,4—dinitrotoluene(2,4-DNT) as a toxic nitro—pollutant representative and black soil as a typical soil representative, the
sorption of 2,4-DNT in various samples such as original soil, humic and fulvic acids free soil and organic fractions free soil samples were in—
vestigated by batch sorption experiments. We further studied sorption of 2,4—DNT in inorganic mineral fractions saturated and exchanged
with cesium ion, and the relative contributions of the organic and inorganic components of soil to sorption of 2,4-DNT were investigated. Re—
sults showed that, comparing with adsorption of 2,4—DNT to original soil, removing mainly humic and fulvic acids of black soil had little influ—
ence on the sorption of 2,4—DNT, however, complete removal of the organic fraction decreased the sorption by nearly an order of magnitude.
This indicated that non—NaOH extractable organic fraction(humin/kerogen and black carbon)of black soil was considered to be the dom-—
inant factors to the sorption of 2,4-DNT. The sorption mechanisms were quite different for apolar compound 1,3-DCB and polar compound
2,4-DNT. Sorption of 1,3-DCB was dominated by hydrophobic effect, however, non—hydrophobic sorption was driving forces for sorption of
2,4-DNT. Otherwise, inorganic mineral component in black soil was not the predominant component that contribute to the overall sorption of
2,4-DNT. Only when inorganic mineral was saturated with weakly hydrated cesium ion, 2,4-DNT showed strong adsorption affinity to inor—
ganic mineral.

Keywords: 2,4—dinitrotoluene; sorption ; organic matter; clay minerals

Weim B H#A:2012-08-10

EEWA AT (RO BHIFL 1200903040

TEB B/ T2 (1986—) , 2, Lo AE , 2RI [ A4k 2% . E—mail : mengruihong@mail.nankai.edu.cn
“EEEE B M E-mail: duanlin@nankai.edu.cn



268

Vel S=pRi-Sosbicly 55 30 E55 2 H

2,4- " HFE IR (2,4-DNT) 2 B E A ML 2
HRlRIA, BT I AR 2 ekl s 2 S HAh Ak T AT
b, [RIES 2,4-DNT A B ) Sk s R v 76 S0 v Xt
YNNG 5 A B SR £ A e R )10 e S E R
Bl B 50 R ek s Yedn 2 — 021 4 AR 5T
20 AW Y D AE I AR A T AR KRR A
BEEANG YIRS TR e AL fA T i HA
BLIE G 7E 13 0 IFHRE 1 0 R N - 44 4y % )
HHE . R AR ST B B3RS R 1Y) 2,4-DNT 78+
38 K LA 43 Hp % W2 SR AR AU 2 T I s o HL R B f
(TR

-4 43 KA 0] 43 R WAL S A JEHL ) 2
g5 XFFARMMA LG Yy (N2 347548 (PAHs ) V&
H(CBs)EE ), W i A o 257 - e MU AR, AT
BILT5 Y 1 I o e 8 5 = 384 ML 5 45 () 42 1EAH
S, FEESR S, R LT R SR L
RFR B RE sy, PR EER S R SR
Y T EEARFIERRRAE . IR AAE BT A 4325 ) A o
BIE AR, BRI HLI5 Gt i W Bt A AR K2
Bl S0 IR A s B RRAH L, 55 SR A AR
HLAT O 5 (R SR U AR 2548 , o AR AR M oA 5 B 1Y)
WG BRI, X Tk LA, 334 43 e i (i A5
TR A4, A LTS A2 43 %ot HL W B A B ik ot oK
TERLE S, 1 ELR R T 528 MLl s s m b, i85 0
LT P45 A%, BN, 255 F b S (R 2y 4, 6-
TREIAR T B AR ) FEW ) AT I 5 A W B
L EHE M55 K A8 F Ko Cs A AERFo 8202 {1
& TEVF 25 O B A ST RSSAE A ) HLA s S0
BRHRE 77 10 L3R 2 o 2 — SRS U 5
WY — /NGBR3, LA, 7 KSR HHE s KR Csill
AR E B SSH IH B R g
R AT A2 3 BH S T2 Car, I Ca 2RI 35 1k &
YIAER ) 2 1 11 R 020 26 SR AN BRI R 52 T, R
SR - 9 ) JBR RS R 5 B AA  E RE F TT Rk
ZERKMN 2. B R, 866 ML /5 F L P
2 A3 XA (R SR A B P R R AR X BT kA o TR —
HEE

ASCLL 2,4-DNT 2 HAi5 949, IR 17 1,3
TSR (1,3-DCB) fERXTHE, RGHAFIE T 2,4-
DNT F1 1,3-DCB 7ER 5+ +FE . BRI
HR 4 DL S B WL AR 2,4-DNT #1 1,3
DCB W FFHFRAE, 8 TR AR S E B
R . &Y TR AR G PO XTI 2, 4-DNT 1)

DUk s 26 A R B T A H t A A B 1
FERT 35 WP T 2B B JCHLA 4 43w A AR A 1
FIUXT 2,4-DNT BYMRBHARAAE, B85 T 28 A9 ToHLAL
A3 XTI 2, 4-DNT AR 5TRk

1 #REFE

1.1 SEERF 5 KIS

FE 2, 4- A OR (13- AR (BrifE
f , Sigma—Aldrich 2 A ) ; 1E S BE R L HBE (835
afi , REFREMEAL R A R s SR ALEN (5B al, i
TR AL TR ) s Ak (B4l , Kt ik
Fis s Ak 221 ) s R K (30% , KT Ak 2A R i 52
T ) s S AR AN (At , RS TR e A T ) 5 36
iR (Al , AT s i v Ak 2= 0] ) s AR AR (4t
ali, RET s S Ab AR SAb B (b al, Kt
s Bt A 250 ) 5 258 oK (IR gligeok A
LER I TEAIAT R A H] ) o

FEAL R AT (GC-6890N, £ [H Agilent A
FRZS A 5 B D AL(SIGMA 3-18K, 2 [ 75 #% ¥ /0 ] ) 5
TR G A (LRIE R AR, BT EL
(LGJ-18, A IR NP R A BR A v )
1.2 TR RE AEFAMERRIE

SEO AT SR AR B RE T E B 0~20 em K2
48, RBRRRA WSS B AR IRCT S TR RS A
WFAH, 32 1 mm FLERTR ST 4 COKFE#H , £k T8
BRI T, SRR AR LR+ AR
BRREHFE . KAV LR Csiufn R )5 4 Cs A
IR R R B FLR AR AN Cst RN A WL LA, 4
HTEE R Soil-1.Soil-2 .Soil-3 ,Soil-1-Cs . Soil-2—Cs .
Soil-3-Css

FTE R A S LR AR L 400 g B 4K
F 2 L BHEARH A 0.2 mol - L™ MR BRIA W, BT
WP LR IRARHL 2 h, §E 12 h, LR,
W RRBRER B 2Bk . B RIS, mUTREY A
0.5 mol - L7 Z A ALAN , Il THE 1 FEAs b, s IR
A 12 h, FHE 12 b U BV BRI AR S 0.01
mol - L™ #hERIH W Erp i, A TKMUEEZE 1
WORHYERIE, BE B DA R TR R T4 I
e

FAPUEEFERTE: BCS500 g FRAE] 2 1L 1Y
PR M2 A 500 mIL 309% FRUEK , FHBE B 4
FEE BRSO IR SRR B A i B R TR KV
50 CHAE EAF A0k, BE Fik#E =



T BAL, S A 2 AW R 2, 4— RS R T Y 269

W R B TRV b ) R R, B0 1R
WEAE =R BE s B OISR TR R T A
#=H.

o B A A AR R 4 < B 4843 S 100 g Soil—
1.S0il-2.Soil-3, £5MMIA 200 mL 9 0.1 mol* L™ AY5
AR, 1A 24 h,3000 remin™ .05 % FIEHR,
SRIG T 200 mL 0.1 mol * L (NG fLAEIFW . ik
T AR D E A RS PR B KR B U
TE VR RS R R VA R o AR I AP S S o
AR EEE R RIR RS T R SRR
BLOTH R RIS R T8 A4

P BRI e T AR B PR T, 45
Wk 1.

1.3 WRBfEIE

W o S 56 SR FHBR LT, FLARBRAE AN T < HERR PRI
1~10 g 5238 1A 5 8 T 40 mL EPA AR ifEN i
o S S BCAF A SR (N 0.01 mol <17 1Y
FALEIR 200 mg- L IER AN, %E GRS
48 h LAFE 5N 58, AR5 O HEREET I HIUE 1)
TR E ) 2,4-DNT 1 1,3-DCB I B4 4598 CRffy A5 FR
FE I A B SRR 0.5% ), SR 5 16 24 #h 78
BRI iz, s & B T e iR G4 ELA 3 v
min™ Y =TT (22~25 C) 3R 21 d F17 d
AR PRI 56 35 28] 78 0~V T s Tl A i 8 ) 2 55080
152 o FEFE A IA B TS, U EPA LA 3000
remin~ U0 30 min, SR FH O35 460 F & b A B
WP 2,4-DNT 1 1,3-DCB, KA GC-ECD 43
SO e B P ol o S AAA SI R J E AE
AR o 45
1.4 WRPHEEIR &SR

LR W R R LN A AT LTS e e - R
AW SR e P 5 A AR VA B B L, B

q=K,; C, (1)
A :g(mg kg™ )F C.(mg- L) 7351 AW FHAH AN i AH
TSP K (L kg ™) Ry 3K e 550

SIEB0 BT 17 I B B A - ST il b ) I S5 i 2 [
Bf R T Freundlich BAYHLA

q=K;C: (2)
Krfag M e, R R (1) ;K (mg" "L kg™ ) A Fre—
undlich WMt 2% n A Freundlich 8%k, F/mMel iy
AELMALRE LA 1g g X g € AFE, WILEA5 B ARG
DA AT IR E) o F K BIE
1.5 EE+Rke-7k B R BERK AR TT %

AR BHA R RIEK, KaFReS 54
B AHE R TS A T ARV 2R AR E
WAy T B A b L AR AN (] 4 75 e e e 5
AW BT E , WA ZHE BRI R K o3 5 i 5 . 1 FHAA HIL
TSR IE A 7B 73 e R BT S A O
JE R T Z AR T30 DO IE 7R b R — A
BTSRRI R AR S S A BES SR A
FRAERPIRAE R, AT LS Sl W S WA BILTS Je Ak

B KPR B
IEFIREER B K AR T 1 -
Ci=Kyy* C. (3)

K Cy(mg L) R AT IS YL TR IE S Lt b ik
FEs ¢ M SRR s Ky (Lekg™) RTG53 9 IE 75
LS AL VY
1.6 A EMRERIE

GC/ECD 43477 2,4-DNT IS . JEFE 1R
49200 °C; FERIHE 80 °C, LA 10 °C-min™ F+ %] 180 C,
SRIG LA 60 °C+min™ FHE 240 CCHEFE 3 min; AIEHIER
FE 300 °C; R g A E A E N 2.0 mLemin™, i
9 10:1,

GC/ECD 4#F 1,3-DCB By & dbie I

® 1 TEERIEAMER

Table 1 Physic—chemical characteristics of the tested soils

. WURL3 A1/ %

AR olt Jul CEC/emol kg K (1~0.05 mm) HKL(0.001~0.05 mm) HikE(<0.001 mm)

Soil-1 8.2 4.10 26 6 44 50

Soil-2 8.1 3.40 29 4 44 52

Soil-3 8.0 0.78 21 0 46 54
Soil-1-Cs 8.6 3.90 26 4 44 52
Soil-2-Cs 7.9 3.60 30 0 40 50
Soil-3-Cs 8.4 0.75 17 0 40 50

1 :CEC N FHE Facif
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Figure 1 Sorption isotherms of sorbates on soil samples
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Figure 2 Comparison of 1gK, value of 2,4—dinitrotoluene in six

treaded soils
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Figure 3 Comparison of sorption isotherms of sorbates on soil
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hydrophobic effect with n—hexadecane )
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Table 2 Summary of sorption experiments

Y Coufmmol L IeK.. K Freundlich P2 i
Kdmg'™ 1" kg™ n R? Ky /L kg™ R?
DNT 0.816 2.00 3.70 Soil-1 24.0+1.4 0.512+0.01 0.997 3 2.91+0.28 0.827 7
Soil-2 20.6+5.6 0.810+0.08 0.990 2 11.0+£0.46 0.982 3
Soil-3 5.61+0.94 0.698+0.05 0.993 0 0.39+0.07 0.989 3
DCB 0.501 3.53 1.41 Soil-1 31.2+4.1 0.724+0.05 0.989 4 15.9+0.77 0.959 9
Soil-2 30.9+1.6 0.924+0.03 0.995 6 24.3+1.07 0.9559
Soil-3 7.60+0.97 0.620+0.05 0.974 9 2.68+0.19 0.897 2
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