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Sorption and Leaching Behaviors of Quaternary Ammonium Compounds in Paddy Soil
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Abstract: Sorption and leaching behaviors of three typical quaternary ammonium compounds( QACs ), i.e. dodecyl trimethyl ammonium
chloride(DTAC ), cetyl trimethyl ammonium bromide( CTAB ), and didecyl dimethyl ammonium chloride( DDAC ), in paddy soil were inves—
tigated using batch sorption and soil column leaching experiments. Sorption kinetics of three QACs followed pseudo—second—order kinetics.
The organic carbon partition coefficients(K,,) of these QACs, ranging from 3056 mL- g™ to 36 245 mL-g™', had significantly positive rela—
tionship with their molecular weight and carbon chain lengths, indicating that the sorption of QACs decreased in order of DDAC>CTAB>
DTAC. DDAC and CTAB were pollutants with high sorption abilities, while DTAC with moderate sorption ability. In leaching water of pH7,
three QACs had low leaching abilities, with leaching rates ranging from 27% ~41% and being negatively correlated with their molecular
weight and carbon chain lengths. Migration of three QACs(20 mg-kg™) significantly enhanced in acidic leaching water(pH=4) and organic
matter—-removed paddy soil, with leaching rates ranging from 42%~63% and 58%~74%, respectively.

Keywords: quaternary ammonium compounds; sorption; soil column leaching; paddy soil; organic pollutants
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(DTAC) , F75bidt = H ERALZ (CTAB ) BOW %58
FE T LS AL I (DDAC) A HFFE XS 42, R4 7 W i it 4k
PRSI K AR SCE, IR AR (-
FAR(GC-MS) AT HEAHT , TR QACs 78 3
W B Bk A 1 ok, LA SR A 2 RS DA S - PR
5 YL il PR AL IRl S

I HRET®

1.1 LEHRIEEE
1.1.1 SEBM R}

P b S = LS AR (DTAC) 7S b gk
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312) AT TR S0 B I AN R 5
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AR FT 0.5 em HHES, VIMEIYSIAE K. FH 0.01 mol - L™
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NaN; ) A ki W, #5400 2% TR B2 FR 4t (200 mm, 0.33 mL+
min™)7E(25+1)°CF # A F RS2 5, A 3 h IBE— Ik
W (B e 1 RICEE B 5 TRk i v e k) L 2
0.22 pm JERE)S T 4 CUKFETH ORI, Wi 1d )5
FE, RS IRCHE T, B bR 14 T =20 C¥R VR 12 h
JE B RIS Y )E 4 IR O R AR
3210 em 27 A3 R AR R R T T 4 C
UKFETRAE AT

Y FIRE RN A, 4t QACs K ilkeE (>12),
TEMRZ B bk 2 R v &) 52 W B 5 A AL 5 23 R4 R R 52
WS AR b RIS SR 0 A B 8¢ T KA TR pH (R (4
A7) R A3 AU O A2 Broa LT 38 ) X 1358
1 QACs(DTAC,CTAB,DDAC)iERMAT MIFZ . X
BRA LT SRR SRR 17100 9. B ORI S2 860 %4k



EHERF 5 B A P TOKR P RO 17

PIGUCE 3 PAT, AT M 2ETE 15% LN
1.4 FREBEUAMNS T ERREES

KT GC-MS HAR 3 51l 5 Vi v e -3 QACs
(1 & 24, 1E 0.02~2 mg- L7 JEEIE B 7 405, 4004
i QACs FLEWIFRUEI LR . ZARET R IE I R AT
(R?>0.998) 1 ML AIHT R o sl SE B 5Tk, B 5
AT I E SFATRE 23 EUIRRAE LA R BTN bR
FE AT RERD AR 22 R T 10% , 25 1 RE il 1 i
HRAE 90%~98% Z [A], L UMD [l Ry 87%~95%
(W) F 90%~105% (L3 ), K5 I FR (LOD) 2y 2.5~
8.5 me+ L (WO 1.2~4.5 pe-kg (1-5E).

2 HR5iTiR

2.1 WRHHTA

THEXT 3 Al QACs A B 155 T Jal 3 Shy Pk R
W B S W BB B o 0~15 min (CHRE MBI EE ) , 1
HEXT QACs PR PRI i (&1 1 a) 5 15~60 min (18
HZEEYBE ), 1 388X5 3 Fl QACs A B 2138 m ;
W% B 60 min Ji5, QACs 7 38 Hh ik S W By, -1y
W% B 43 5004 0.98(DTAC) . 1.21(CTAB) . 1.22 mg-g™

"0 20 40 60 80 100 120 140 160

t/min

180 r (bl =28y iy it
35|
)
E
&0
=z 90f
E
S
T oast
OL- ! ! ! ! ! ! ! |
0 20 40 60 80 100 120 140 160
t/min

-+ DTAC -@ CTAB -~ DDAC

B 1 QACs FE/KFE L HP IR Bi 3h 7157 th 2%
Figure 1 Kinetic curves of QACs sorption on paddy soil
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Table 1 Leaching rates of QACs in soil column

by leaching water pH=7(%)

0AGs VTR LRk AER

FREEA 0~10em 10~20 em 20~30 em IR
DTAC ~ 60+48  12:1.5  20+18 9:0.7 41126
CTAB 8382 6+0.6 17423 70.7 30+1.0
DDAC  85+4.2 5+0.5 19425 303 27+2.7

FEEEI S R SR Ui NIk SV Eau WAl N = R Wty SRR ey )] i
HZH)ZH A,

T IR i B 1) A 3 ot s BRI ([T 2), Hed DTAC
IR R BEAE 2.9~5.0 pg- L7 22 (0], SRR 23 CRUR
MESHRZEESEZIW)N 0.27%, Bk KT
CTAB ()3 M BT (2.7~4.7 g~ L") 1 R Y 5
(0.10%). DDAC F i vk FE AL 1 s 1] 38 221k
ANKLFE0.5~1.0 pg-L7" Z ), H BRI H 20
0.05% , 35/ DTAC F1 CTAB, 0] I, QACs )+ 4T 4
I 2 e AR i K/ S DTAC>CTAB>DDAC,
A5 QACs 14 PR K B 5 0 2 T DG OC
% (P<0.01), BI QACs ¥k i fig J1 i 55 2 DTAC >
CTAB>DDAC. 4555 QACs Wk BE bl Hohik s 4
oy g G O,

3I 6I 9I 1I2 1I5 1I8 2Il 2I4 2I7
t/h
B 2 QACs FEF AR (pH=7) & H THR M &R E

Figure 2 Elution curves of QACs in leaching water pH=7
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50% (3 1), ¥ @ e 2L 59
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4),QACs(DTAC .CTAB #1 DDAC){E{5 Y% + )2 5% 4
R E T (P<0.01) , 78+ HeAE i () Bk s 5 e B
Fh B ERE (P<0.01,3 1 FIFK 2), st L2
M5 QACs [k R bt - 2 TR BEE S imi (36 2),
435314 11%~31%(DTAC) . 12%~20%( CTAB) 1 7%~
18%(DDAC) , & PEZ A T 119 0.9~3.6 £, stk ik
M7, DTAC (R0 H e B I 75 B ) 335 ol s eI
CTAB DDAC. [ HH e F4 VU] B b 75 Bsf (134 s A AR 4k
AKCE3), =# 09 2R & 537 24.6(DTAC)
2.3 pg(CTAB) Hl 0.5 pg(DDAC), 2 d &4 i
1.7~15.2 . W IR YE (pH=4 )i}, ks it FE v HY
R 5 A SO R 1T Ok i pH (BT 2 6.2~6.5),
SR IR B PR R AR, X QACs 1) W BRHE FH sk
55 . [RIEF H5 QACs X - HERURL 2% 181 A7 o5 1) 5 4
W B, 5380 QACs WA Ul 55 , IRV RE D 30 o 7
PR P Ik 451, DTAC .CTAB & DDAC [ (Rp+R,)
{EHIIRTF 50% AE MM TS 4. %+ H ik =R
T A, 0 BRI K 6T QACs -3k il s A/
VAR e
222 HHEAHLBRZR

A ML S TS Y e R A T

R 2 WEIR pH 25 4 B QACs ELAEFRIMBER(%)
Table 2 Leaching rates of QACs in soil column
by leaching water pH=4(% )

QACs [T S W # LR AR A
R 0~10 em  10~20 em  20~30 em  MRIAE

DTAC 37+£3.9 31+3.7 21£1.9 11+£0.9 63+2.7
CTAB 64+5.8 20+2.0 16£2.1 12+1.2 48+1.1
DDAC 73+6.5 18+1.8 17+2.2 7+0.7 42+3.3

O

¥ oz

5 oF -@- CTAB
ey A~ DDAC

36 9 12 15 18 21 2 2
t/h
& 3 QACs FEER MM AT (pH=4) £H TR H iR E

Figure 3 Elution curves of QACs in leaching water pH=4
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Table 3 Leaching rates of QACs in soil column without

organic matter( % )

oace  TIRLE LR BAER
BREAE 0~10em  10~20 em  20~30 em  WRIAH

DTAC 22+2.8 42+5.9 21+1.9 11+0.9 74+6.9
CTAB 36+3.2 39+3.9 20+2.6 12+0.7 71+2.0
DDAC 43£3.9 35+3.5 16+2.1 7+0.9 58+4.7
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Figure 4 Elution curves of QACs in soil column without

organic matters
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