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(Ligmat L3 A 508 AR A RS, i 200120)
WE:AFRENAP) FEEENZABE AR, 24K AT NAPERRE LENR TP
B AT A, 5 A NAP AT L3 Z L eh Frh, 52 AL (CaCly). &% F & A MBR (F7 42 B
(CA), ¥ 8 (OA), X A& B (ASP)) A= & @ &t 7] (k% -80 (Tween-80), + =)= B 5Lk 40
(SDS), A ¥ H (APG)) X 3 £ MR A s NAP# MR E A, AR 3IEMAEANN B4 & T
(Fe(I)) F it —#idk & (PDS) ALk A M NAP W Hrm . R AW LB EL MG, %
feat A AR K, NAP fERA B AE; 3580 (pH=9.0) A A T NAP R, HMRTAZLEM R
HFRA, ZEBRANSTNAPHBRARAEEFZF: Ko T EAMNBRMBREARRM, L P
1 mmol/L #5 CA fi#"R 48 h if, NAP XM FETiA % 36.1%, ZHMKLT OA = ASP; R @& A
A 2 F R MRAOR, Tween-80 B 16 MK Rk B (CMC) &, #kMkER, BmEAN T4, B
Tween-80 K AL 5y, MR A RZIMIA R ; KK E (<10 mmol/L) CaCl, 7T i it 55 & 4% S 4T
BEAER, ZHKRE (100 mmol/L) CaCl, W B A 4§ 5 L3 A AR KBTI fm b iR, £G5S A
R f2 v, k@ ERA L CaCl, B3t &AM A (ROS) m A4 NAP g, 123 # ko F

S HAER AT NAP K g3 A2 5 E&4E A ; % PDS/Fe(Il)/CA/NAP % itd 2 A 15:5: 1
B, 120 min A NAP X8 F ik 5] 97.5%, AT RIESE, CAFR LS MA LIE NAP &L )G 4 &

|
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SR AT 0 70 X S S 2 AN A P e iy 5 521

PEE P (ROS) SEIA HLIF Y S AL R g 11 o A
{45 (1) Fenton 1A R B A7 pH i& I F 78 . H,0, A %)
it A7 S i S 5, VL ARk, 1 R ER (PDS) FEA
FR i A2 A8 Mgk 12 N F ISCOR AR 12131,
PDS %4 Fe, Cu. Ni %38 I 4 J& 1% 1k )5 v] 7= A5 i R AR
H H 3 (SO, ) FIER I H Ak (HO-), % fbf14% PAHs
TEW I Z R A PTG YY) . BLAh, Bk AR A
ISCO +% A W I (n =& 187 3% 4 77 3% % # & ISCO T
) PR R HLA 5 G ) R T K s 14,
Li %05V fF 5 R B, 55 5l Al 1] 2 187 7% 14 55 Triton X-
100 Pkl (il FH kTG 1k PDS ALK R AL, — 3
B A (6 RD 4 AR 4= PAHSs A9 22 BRECR B AE
SR, #F H 3R PE-1SCO P [FHE Z AR & v, 5% B8 1 it
W90 RIS e J 282 KA T E AT e 0 SRk B
Heo B4 M1k, RFAFZNFRU R X PAHS ff 1 5%
T AU B Xof EUAHE 9% S G, R ) SR A [R) 28 001) i
W39 A7 AR i 2227 FH ISCO 5 AR &A% PAHS F 501
5 et — 25 B A .

AW PAHs H1HZE (NAP) MR BT, X
F B S8 AS [R] £ W2 55 (3R 1813 1 57 . LMWOASs R AL
E0) X £ HEA b NAP ) i W 3505 S X6 PDS/Fe(Il)
A Z it NAP B fiff 1) 5 i, I 48 75 76 LMWOASs {71
TRtk NAP BRI/ FPLE

ARG B R BLAE LLR 3 405 (1) RS
XPH T 3 R g 5] (TCHLER . LMWOASs., 1l i
PEF) X NAP (W 5CR, WA + 38 ALt ] | bk
i pH AR OCHER R IR (2) R R 5
ISCO &R FRAMENLH, B LMWOAs(JLH & CA)
e E AU NAP SR A2kl 1 it i iz 5 7 4= ROS
() XL Tk, LA K 3% 1 % P 700 5 T AILER B 9 il /G 5%
M) 2850 17, Shy 6 FH A5 A b i R 551 3 a5 4 AL R 22 A B
(3) Ak A W - R f B[R] 22, W5 CA B S A 4800
LA 55 52 2% AL, it e A B8 B0k FH R v i Wi 5 o ft
JB S A Im) 5, S NAP 5 g H I S m A iB & .
AHESE B F Je, ANALBE 58 3 NAP 55 PAHs V5 44 1 4%
P14 figt WL - 2 i BB AR R, IR R S B e I b s 52 42
Pt HL ALk 5 52 M R 7 B, X BB & L
A RIHEE RO B A EEHIE XL

1 #RE7EZE

1.1 RFI S

NAP(ZEFE 99.0%). id BifREM (PDS, 46 99.0%).
LK A R R 4k (4B E 99.0%). #7 B BR (CA, 4fi i
99.5%). |+ Z b FL i R 44 (SDS, ZiE 99.5%). HLIR

(OA, 2l 99.9%). 5,5-—F J-1-4 fL L i wk (DMPO,
4l B 97.0%), A A AN (4l B 96.0%). 4 H iR (BA,
4L 99.5%), HEE (4 99.0%), W T F BT fr T 3
FIA RS 7 . ki -80(Tween-80, 41 99.0%). 4.1k
5 (2 EE 96.0%). K4 Z W2 (ASP, 4 i 98.0%), 14 T
v AR H R B A AR A E o AR R T (B
99.5%). FEMERR 4N (LLJF 99.0%). BiliZ (“LJF 98.0%),
W F b v ek R R A R A R N (4
99.5%). — KB ER%h (ZH B 99.0%), W T [ 2 4E 141 1k
R () A BRA R L ke ST (APG, 4l
50%), W T i A R A IR A R . i A )
Bk, S290 /K3 28 Classic DI 21K AL
Ab PR R AtK

R AORRE 8 154 (HPLC, LC-20AT %Y, H A & ¥t
ST BEFEFE IR (ZN96 #Y, | KA HE LS A B
o)), [EIRIRS A (HZQ-F160%Y, WA /R Bk A1k
IUESA BRA F]) . L AM-1] DL 43 66 T (DR6000 #Y,
% B WA A o~ ). 0 G 3L PR {X (EPR, EMX-
8/2.7C #Y, f#% Bruker Corporation) Al pH 11 (DELTA320
#4, Fii+ Metter-Toledo®E A1),
1.2 KFHE

- A i SR A T A A A5 N AR R
JE)(HI/T166—2004), F LITEFE X (11 A) Fle
X (38 B. C) MART5 Ytk 17 3 )2 13 (0~20 cm)
KA. REEFTE bR R A A TR, RIIZ 0
TRA R (BB E 5 A REEN), 2 R5E Ske
- BERE R, 2 A TO TR R L A% 0T % S A ] S5
o RFEASACERIE S 5 AR5 B D R
Bt HHECOMBMRE L, = WE T LT L
3k DX L - 39 R M AR BB v A S S ] 4
PR (FhORL & & . W % A HL T (DOM) & i) XF
NAP fifp W ROR B2, 54 SCHE5E B i m BEDEAT, R
e R A R R R R . RS 11
FEIETT AN 1 R

SR WAL PR, (1) AR KA. ¥ L
AT D, A KB sk AR T 7 d,
T PGB AT (2) 22 LBk . T TAIBRSE & A AR
F.ATESY; Q)W 0. 013 5 B s
J&, it 20 H (FL42 0.85 mm) JE e, W T 4
#H.

¥ 50 mg () NAP % T 400 mL 75 il , B #1 &
NAP 19N Bl B, P44 H 5 500 g s H B8R G, T
IR IR A (7 120 r/min) PELENR T 7 d ff75 42
YIFe e, 225, K B0 3 RUBE R E TN R 5
YRR, VIR (4 °C) ZAb .
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Table 1 Main physicochemical properties of soil
w/%
Soil type pH Clay particle Powder particle/ Sand grain DOM/(g'kg™)
(<0.002 mm) (0.002~0.05 mm) (0.05~2.0 mm)
A 8.3 36.1 63.7 0.2 4.0
B 8.4 30.8 61.1 8.1 39
C 8.5 19.0 80.6 0.4 3.6

i W S5 FF 4R T, SR B §F ) i 9 CaCl,.
LMWOASs(CA. OA Fl1 ASP) Il £ I 75 14 7 (Tween-
80, SDS Fll APG) 73 4| ¥ T 20 mL i 4l 7K v i 75 fift
WG . TEBS AN 2.0 g 75 4% 35 5 i@ W i T iR
SN, TE B E B TR S R, K 2808 i T e e B
L 5 min(EE 3 4 5000 r/min), 23 M7 EiF TREE 5L NAP
H1 DOM 11 Jit i vk B2, ) % - 58 4% 10 mLH st 7 A
B 30 min, 43 BT 148 P 5% B NAP ik . 34
SEE T 40 mL 3¢ FR N AT, 1 AN [ R B Y 2 T G
PEFNE W (2K L) HoinA 100 mg [ {ANAP, %
BHRY 72 h, I8 BN -V, SR FH HPLC DU A8 #F i
o NAP 19 5T & R B2 o BRAE ST A [R] - 3 22 Ah i) ] Xof
NAP i W iy 52 ma b, Ho Ay 52 5 vh 4 e A ] #4y1%
FEN 15 do BRI EEAN[A] - e I T 354 5T NAP
fif W s A, LA S A I I AL T SR Y
HA 3 W, BERBCFEIA

NAP [ fift 41 K 52 56 ¥ 78 250 mL 5 il W2 B¢
T SN A TR AT, I SON IR RS R (20 £ 0.5) C, Il
FHE T340 e 42 B bE B2 24 600 r/min. W IR
T, SETC 0 R 0.1 mmol/L £ NAP 7K ¥ W, ¥ it
SERfEE M. B, MR NAETPAA 250 mL NAP /K
VW, PRI AT 5] 2 1) Ho At 3 50] (3% A 39) | il
W) R, FRERTHI RO . AEREE R, B 1.0 mL
FESFIJE2E 4 1.0 mL B A0 A5 LB 38 /N v, ¢
1RS48 0.22 pm A HUAHUE L 3§, # i HPLC &
EONIET P INAP R E o AL, 7ERE
FE I 8] FH B W A ME A I M 1.0 mL &6 BA (19 5L
W, AT A3 1.0 mL NaOH(0.1 mol/L)FI 0.1 mL
FH B ) At B 0 T, b DB S B 1.0 mL Y8V T Wi oG
A 0.5 mL H,SO,(1.0 mol/L) By R, SR )5 &
HPLC 43#t BA FIXf B3R H R (p-HBA) W .

1E EPR #5971, 5% F] DMPO il 24K £ b= A= 1)
WA FN (ROS), I3l i DMPO 5 ROS Jx i 77 A
(N P e R = T AEE Y ROS 251, HARSLR Iy
AR FEWE RS E], B 1.0 mL #£ 55 1.0 mL DMPO
(20 mmol/L) 7EA% (3 Bk b 78 70 TR &), ¥ IR G W

ABMBEEE T, (1] EPR 234l
1.3 S#HAE

- R AR AR A R AR A 1 R 20 18 (AL 2H B )
B 2 ) (LY/T1225—1999) , i 2 25 JE 31 vk k47 0
7E; NAP, BA fll p-HBA £ HPLC #1752 f2 5 #1 (4
Br&80n 2 2 it/ ); DOM ¥ BE % ] Min(T11)-£8 i iz
O3 YECE I A2 o Min(TIT)-FE B R VA 14 ) 45 46 R 4
T ] 2K RN 2.244 ¢ ) Na,P,0,
10H,0. 0.128 mLf% H,SO,(4li ff 98.0%). 0.03161 g
) KMnO, #1 0.15133 gff) MnSO,+H,0, SR 5 /K iE 25
2 250 mL, VT IFTR pHE 4.3, X BLECEL A

DOM ¥ & (1) HAR S BT A5 SR AN T - B 5.0 mL 3 3§
J& P RE & F 10 mL B8 4 rf, BRI A 2.5 mL
Mn(TID)-£E B B2 15 7 A 2.5 mL H,SO,, BHiR & W 7T 4
PRGIRS], & 1 h, 85 R4 66 B 11490 nm
ARG
14 NAP RETEHREITERE

A2 S I T B, St YRR IO S AR B
e3P NAP (01IR E B (AR SCH e N 54.5 mglkg),
DAUGAE S o o S o B i S o . FR I SR S R
3 )0 R 4 NAP 57 2 — 2 K AH A I R 1
NAP i (I W NAP R 3 DA fige W v 1A R
20 mL); 2 45 v R B A I 1) B B NAP B i (H
it 4 B 075 338 v NAP 37 2 Ik 3 3 L S 36 T 1]
T 2.0 @) o W T 25 AR 5 T A
it 2 =(k B G 6 it — O R A T R o+ AR
1))/ T IR R < 100%.

AR SR A i R SE SR B HEAT T NAP it i - i 55
UE, A7 A 3 1 o o T O 22 38 /N T 4%, 15 A 52
B 25 20K, B — B R 4

2 #RE5TTR
2.1 THIEMEREN NAP @RISR

il 1 73BT NAP gk Wt AT + 398 b 10 5k B A
PAK BNV 48 h 5 e R Y DOM i ik i, ¥R 5T



$al

SRUCH:: AN R - S8 5 2 Ak e AN AL AR 5 523

%2 NAP, BA Hil p-HBA it HPLC #il A1 37 554
Table 2 HPLC detection and analysis parameters of NAP, BA, and p-HBA

Chromatographic Mobile phase Injection Detector Detection
Pollutant Detection mode V(A) = (B)
column A volume/pL.  temperature/°C  wavelength/nm
NAP Cig Dual high-pressure Super-pure water Methanol 2.0 : 8.0 20 35 254
BA Cig Dual high-pressure Super-pure water Methanol 5.5 : 4.5 10 35 225
p-HBA Cig Dual high-pressure  ¢=0.1% Phosphoric acid Methanol ~ 5.5 : 4.5 10 35 225

ANTA] 3847 B NAP fif WSR2 i, 45 - an &) 1
FiR o

i & 1(a) FIE 1(b) FTLUE H, AL B, C 3 Fl -4
LB K I 48 h i, FKAHH NAP BTk (g) 4351
A% 1.24. 1.34, 1.87 mg/L, NAP R0 24.1%.,
25.9%F11 36.4%, IE B NAP 7F + 3 C tp A4 T + 3
A F B BTy LT, iX 02 i T 13 C iRk & i
> (AL 19.0%) . 53 46, Bk 42 A+ 58 1) 1)
LA 23 52 M NAP (0% o RE AR B, W R T
FRLr () NAP 23BN UY, B T R Py i
A K S5 0Y 01 R/ S AL, &
OB TR AL ) NAP 43 FBME LB, I 1(c)
Js, fi# 48 his, 1-3% A B Fl C R HY DOM Jiz
YR 439 10.8, 11.5 mg/L 1 13.3 mg/L, 2 B
BT 1458 5 R A DOM ] DL BE NAP M + 1 I fig

W . DOM Bt i) T e B 55 NAP fift e 6 5 b 35 1F
I (R*=0.96), ENIE T DOM Xt NAP fi#t W (e e

I —2 (=X (1) A =2 (X (2)) 3h 122
RUTF & 5 7124 3t , %8 58 [a] 1 A LX) NAP i
BRI 5, NAP ff W 8l 0 24 2800 3% 3 i .
TS I ERRNN R YT 0.97, R IW] NAP i it
FETAF G =3 Iy # AL, i 7t 1 4% C i
IR (g) e, HHEBRZ, HHEARM. AT+
HE A h NAP i WSR3 2, 25 5 HU AN [R) i
WX NAP [ W 550, 505 2252 0 35 v FH 18 AL

g=q (1-¢) Q)
krg,’t
=T @
1+ szzt

Fovbr, g, 0 o Ioh 220 A W 22 KA TR NAP K

20 ~55¢ Q15
! on
en
& g
15k o 50+ = 12+
. é E e 1
) =45t g o9t
L A =
§ 1.0 <ZE £
= ! £ 6f
< o5t 5 40 g0
2" c 2
> 235t g 3t
ot & E
. . . . . ) g 30 . . . . . ) % 0
0 10 20 30 40 50 0 10 20 30 40 S50 A Soil A Soil B Soil C
Desorption time/h Desorption time/h
(a) (d) (©)
1 I [R] 384 ek i 0 2= K A NAP Bt iR B2 (a). 3% NAP 5 B 4 (b) SR 48 b J5 3% TR i ) DOM. o i ¥k
JE (c) B5E
Fig. 1 TImpact of different soil media on the mass concentration of NAP desorbed into aqueous phase (a), NAP residual mass in soil (b), and
DOM mass concentration released from soil after reaction 48 h (c)
# 3 NAP R 8 1235
Table 3 Desorption kinetic parameters of NAP
Quasi-first-order kinetic model Quasi-second-order kinetic model
Soil type
ky/(min™") g1/ (mg'L™") R? kp/(L'mg "*min™") qo/(mg-L™") R
A 0.1915 1.1314 0.9430 0.1814 1.2946 0.9716
B 0.1443 1.2773 0.9720 0.1069 1.5062 0.9814
C 0.0898 1.8223 0.9887 0.0381 2.2868 0.9949
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(mg/L), k(min™"). ¢(mgL) M k(L/(mg"min")., 138,124, 1.19 mg/L, 52Xt R;, + 1 $ NAP £

q,(mg/L) 53 AR — RN, — 9% 5y J) 2E A7 1 By
127 H B i A I NAP 5 BE, ¢l B A
[E] (min)-

HE— 25 PR GE TG Y - HE AR B[] % 8 4l 7K A R
NAP HJ5E0, 58 1, 7. 15, 30 d A2 AL JE B 34753
Mr, SEERZE AR 2 Fis o ZKAH  NAP J5 i e B i
AR ) FE A 5 2 R B A, AR Ry 1L 7,
15, 30 d i, f# 1% 48 h J5 NAP [ 9 5 43 5 0 1.45,

TR 28.2%. 26.9%. 24.1% F1 23.1%., +iEEAk
23f NAP 5 XfE DA A= 58 v G RfT, 332t T4 Rk
1t TR, Ok B NAP 4 1 E A HE A% T 14 £ AL
KXo il 2(c) froR, HEEZAE R DT Y S AL
Jo B4 AH AR I3 i, BT 22 1 464G ML (SOM) 5 I
B, S EOKAH S DOM it i ik i i F# ik . DOM fE
Sy i W A R, HG T A B R B BRI T NAP M
TS AR BT RS RE 7, DA TR el figf R B4R S

1.5 o) L =
‘jdn 55 .Ag?g time/d: £ 121 oy
T = —7 £ 10
1.0+ E =]
& =50t =15 g gl
g A v—30 g
= o < 53
205 Aging time/d: Z 2 g Or
< —1] '§ 45 < =
z —7 3 ; 4r
> »—15 [
Or 30 & 40 S 7
. . . . . P . . . . . ) 0
0 10 20 30 40 50 0 10 20 30 40 50 1 7 15 30
Desorption time/h Desorption time/h Aging time/d
(2 (b) (©)

2 V5 A3 AR ] XFE W 22K AR F NAP B HRE (a). 13 NAP R BB & (b) KR 48 h 5 HIERIKAY DOM i ik

BE (c) s

Fig. 2 Impact of aging time of contaminated soils on the mass concentration of NAP desorbed into aqueous phase (a), NAP residual mass in

soil (b), and DOM mass concentration released from soil after reaction 48 h (c)

2.2 AN pH X HIEN R NAP fRIRBIR AN

SEH R IE T LA Sl K Sy i W W I, O TRl R
pH(3.0, 5.0, 7.0, 9.0 I 11.0) XF + 44 JFi o NAP fi#t
W R SR B, 25 SR AN 3 BTN . MY IR pH {E
M 3.0 BN EE 9.0 1, f# W 48 h J&, KA NAP i &
e BE N 1.02 mg/LE A % 1.71 mg/L, + 3 NAP 2%
B M 19.9% 42 T+ = 33.2%. H R R 2. (1) E
pH (38 i, £ 48 b B0 DOM i 2 ¥k i 8 3 4 T
(11 3(c)), i 55 B8 1 25 14 23 4 {9 DOM WK Fff 1) NAP
— [ R 119200 (2) R AR R 1T 1 R S BE R (HA) BAT
U TOAE TR ERE, 5905 &L i HA I

i, FE T SR AL NAP B R o FR By G) IR MR AT,
H'5 SOM 2 1 1t H faf 23 & A AR, 23X SOM
ULVE, 0% NAP fif W 5 M6k M 26 55 o OH 5 SOM
L far A B HE R, SOM &5 #4 5 o0 A 15, A i 42 7
NAP [l fff 2 2220, H Y 3 W 90 46 pH M 9.0 3% =
11.0 B, f#% 48 h Ji5, KR NAP BURIREE 1.71 mg/L
TR 2 1.42 mg/L, DOM Jii & ¥ Bt M 13.2 mg/L T
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Fig. 3 Impact of different initial pH values of solutions on the mass concentration of NAP desorbed into aqueous phase (a), NAP residual mass

in soil (b), and DOM mass concentration released from soil after reaction 48 h (c)
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e FE N 1.24 mg/L3 3 in 2 1.48. 1.71 mg/L, 11
T NAP ZBRFM 24.1% 43 54 TH 2 28.7% F1 33.3%,
UL CaCl, AYIE =3 A T LU HE NAP (980, X 5
4 I B A E 22 R 07 IR MR W A A DG R 5 18— 303,
X & T Ca*' 5 NAPsE 4+ HE R 1 1) W B 07 4, L
080 T NAP W A A5, [R1 s 11 85 1 38 4 %t
DOM (W ffHRE F1230, i 24 CaCl, € >4 100 mmol/L
I, f# W 48 hJ5, NAP 78 7K AH i) o a2 vk B2 R I &
1.20 mg/L, + 3 NAP ZBR%N 23.2%, HF K&
1t Y Ca 38 3 P I SOM 26 T8I 4 71 B i, AR T
SOM [H] By LI 7, 1 A PILBT 2R BEDTTE, Inifii
W% B Y NAP X RLBE LY, CaClt NAP fiff W A9 “fi%
PEE RN, 5 Chen 52 fE & B -A WY E A5
e R RS R — 38 R 1 E A (L 2)
P3R5, 24 CaCl, ¥ ¥ 4 1. 10, 100 mmol/Li}, g,
B398 1.47, 1.74. 1.16 mg/L, 45 F 55 fife W 52 56 4%
T, B IE R Ca?tn] A 98 T 5 I VR A R R
NAP AR
2.4 LMWOAs Xf +3E /R H NAP R R A0
LMWOAs 18 & A 1 Al 24 R EE 1 /N o+
fe& %, BA WY L 590 B0 A0 M BR A M Y. e %
CA. OA F1 ASP JILFEME LMWOAS, 5T EN1EA
[R)¥E (1~100 mmol/L) X NAP A4 S 1 520 .
W s ras, 3 f LMWOASs 2 RE {2 ¥E NAP fi#
Mo 4 CABINAREE 435k 1. 10, 100 mmol/L i,

fi % 48 h J7, NAP 7E 7K AH Hh % Joz o v B2 NS FHEH Y
1.24 mg/L 43 5 F+ 5 % 1.86. 1.57, 1.45 mg/L, 1£ 1
P 2 O ZS ALY 24.1% 43 SIS N & 36.1%.
30.5% F128.2%. 4 OA FHMVEEEH 1. 10, 100 mmol/L
B, W 48 h 5, NAP 78 7K AH i) 5T 2 vk & 43 51l o0
1.70, 1.47, 1.37 mg/L, & + & i i 25 Bk 43 1 R
33.1%. 28.6% F 26.7%. X LLZE R FKH], 24 CAM
OA ¥ J% } 1 mmol/L B}, NAP fif W U e fd . LA
J&: — 5T, LMWOASs 23 o i i 380 1 -A LA
B R R T A e W e B A9 NAPRS 5y — 7 I,
LMWOAs §) Jil A3 1 T DOM Ay % &, H 5 + 4
W4 5 ] L35 4 W B NAPRS 27 i ok, 45 58 i 7% CA
X} NAP 1O R AR T OA, X2 T CAfEN
—IuR, NG &R B T i L3y Y i Re
SRS ASP B BE 43 %14 1. 10, 100 mmol/L
I, M 48 h J, NAP ZEKAHMR R BT a e B 511 oh 1.35.
1.52. 1.68 mg/L, 7€ 3 v (1) 25 Bk % 4303l ok 26.3%.
29.7% H1 32.6%, Ui ASP ¥ & 54 hin {2 #F T NAP i
fifEW . XAEH T ASP & AR EE L5 SOM H11
PRI A N, T ke SOM Y BAL M 5, 1l 55 H:
X NAP #yM i e 7120, 5 Z A, CA Fil OA e
K, v R 2530 SOM 1) FE 1 i, ATTT 3 i NAP i
W Bff o

gr b rak, 7 i 58 09 3 # LMWOAs H1, CA
X NAP fif W i {2 i 8OR Foh B, T3S HT T NAP I5
P HIERM B R .

fiff W ) Jo o Wk B 5 4R NAP W46 & B AE AR
EBCRON . TEMK i NAP(<50 mg/kg) T, K5 i i
W 51) RJRT S A 8 I, e B NAP 3 B 1R T
W ) T o, L 3 B i o SIS LA R B
S22 NAPHILA & &K 54.5 mg/kg I, 1 mmol/L
CA. 10 mmol/L CaCl, & g1k F| B AR fift W A5, BN IR

- — 14 -~
2.0 ¢(CaCly)/(mmol-L™1): o35 =
=0 z S 17
1S el en 50 + s : |
= ~—10 £ s sl
£ +—100 = g~
E 10} x % 45 EL oI
= z 5% 6|
< = 8=
z 05 E 40 S 4
N 3 =
0r & 35 SR
[a)]
L L L L L : s L L L L L : 0
0 10 20 30 40 50 0 10 20 30 40 50 0 1.0 10 100

Desorption time/h

(a)

Desorption time/h

¢(CaCly)/(mmol-L™")
(b) (c)

Bl 4 ASIA] CaCly ¥ B X il 25 /KA P NAP i M (a). T35 NAP 3R 84 & (b) M2 48 h J5 8 R B DOM o & ik

BE (c) sz

Fig. 4 Impact of different CaCl, concentrations on the mass concentration of NAP desorbed into aqueous phase (a), NAP residual mass in soil

(b), and DOM mass concentration released from soil after reaction 48 h (c)



526 7R BT R % ROH AR D o552 %
20 1.8 -
/ ()
sl /
1.6 é x ® %
~ 5 ~ %/
i S T2k /i
sl e L
£ -~ Eool
= osl z /
<Zt ¢/(mmol-L™"): <Z: 0.6 ¢/(mmol-L™1):
= 1—Control = m—Control
04t o1 03l o—1
A—10 ’ 4—10
v—100 v—100
0F Ld 1 1 1 1 | 0t 1 1 1 1 |
0 10 20 30 40 50 0 10 20 30 40 50
Desorption time/h Desorption time/h
(a) CA (b) OA
18- 3 ¢/(mmol-L1):
/ - - . . .
sk i/; £ 40 0; 1; 10; 100
~ % - —= 3
T 12t i/i £ 30t
|
%0 /i é I L -
) / o L
< 09F <
A Z 20+
< -1 s
z 0.6+ ¢/(mmol-L™): s
= =—Control 8
L o—1] — 10+
03 410 :
v—100 =
0 L L L L L ) &J 0
0 8 16 24 32 40 48 CA OA ASP
Desorption time/h
(c) ASP (]

& s

ANTE)HR B B LMWOAS i fiff e Z /K AH A NAP B9 B B340 (a~c) A L 1EH NAP 2 5k 1510

Fig. 5 Impact of different LMWOASs concentration on the mass concentration of NAP desorbed into aqueous phase (a—c) and NAP removal
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Fig. 6 Solubilization performance of NAP with different

surfactants
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Table 4 Physicochemical properties of three surfactants?®'—%

Surfactant Chemical formula CMC/(mg-L™") HLB

Tween-80 Cy4Hy40¢ 13 15
SDS C12Hps0S03Na 2300 40
APG C6H3,0¢ 65 15
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i Wi v Jre IR LG P T R B SR A O M ik (Brrij-35). it
i X-100(TX-100) 55 2 1 36 MR e = AR . 28 &
FIrik, Tween-80 7£ NAP ¥5 4% + & & v Y3 FH PR A
BALT SDS 1 APG.

FE T Tween-80 X NAP fif W (1) {2 & 34 207
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207

50
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S PRV R, PR X NAP 7 W0 A 5 i 4 /NG
4 Tween-80 Jit & ¥k £ $2 F+ & 10CMC (130 mg/L) FiI
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B R B B S N &= 152, 2.22 mg/L, + 3
NAP 2 B 0 B2 T+ & 29.6% HI 43.2%, 45 FE 52
Tween-80 [ i ¥ i 55 NAP fift e R 5L IE M6, 7 R
IR Tween-80 23 18 1o ¢ o4 5 5 55 11 115 AL DU AL
76 R S5 Y T
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E3:0pA |
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Fig. 7 Impact of different surfactants on the mass concentration of NAP desorbed into aqueous phase (a) and NAP removal rate from soil (b)
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Fig. 8 Impact of different Tween-80 mass concentrations on the mass concentration of NAP desorbed into aqueous phase (a) and the removal

rate of NAP from soil (b)
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Fig. 9 Degradation effect of NAP (a) and pseudo-first-order kinetic parameters of degradation reaction (b) in the presence of different

desorbents
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Effects of Different Desorbing Agents on Desorption and Oxidative
Degradation of Naphthalene in Soil Media

ZHANG Ruzhuang
(Shanghai Chengtou Environmental Ecological Remediation Technology Co. Ltd, Shanghai 200120, China)

Abstract: To develop efficient remediation technologies for naphthalene (NAP)-contaminated soil, this study
systematically investigates the desorption behavior of NAP in various soil media, analyzes the effects of soil aging on
NAP retention, and compares the desorption performance of three categories of desorbents toward NAP, including
inorganic salt (CaCl,), low-molecular-weight organic acids (Citric acid (CA), Oxalic acid (OA), Aspartic acid (ASP)),
and surfactants (Tween-80, sodium dodecyl sulfate (SDS), alkyl polyglycoside (APG)). The influences of the three
desorbent categories on NAP degradation in the ferrous ion (Fe(II))-activated persulfate (PDS) oxidation system are
also evaluated. The results reveal that NAP desorption becomes more difficult with increasing soil clay content and
longer aging duration. Weakly alkaline conditions (pH = 9.0) facilitate NAP desorption, and the desorption process
conforms to the pseudo-second-order kinetic model. Significant differences are observed in the NAP desorption
efficiency of the three desorbent groups. Low-molecular-weight organic acids exhibit the optimal desorption capacity;
specifically, 1 mmol/L CA achieves a NAP removal rate of 36.1% after 48 h of desorption, which is markedly superior
to OA and ASP. All tested surfactants substantially improve NAP desorption, among which Tween-80 delivers the best
performance owing to its low critical micelle concentration (CMC) and suitable hydrophobicity, with desorption
efficiency rising evidently as Tween-80 concentration increases. Low-concentration CaCl, (<10 mmol/L) promotes
NAP desorption by competing for soil adsorption sites, while high-concentration CaCl, (100 mmol/L) inhibits
desorption by inducing flocculation and precipitation of soil organic matter. In the subsequent oxidative degradation
stage, surfactants and CaCl, suppress NAP degradation via competing for reactive oxygen species (ROS), whereas all
three low-molecular-weight organic acids exert positive promotional effects on NAP removal. When the molar ratio of
PDS/Fe(II)/CA/NAP is set to 15 : 5 : 1 : 1, the NAP removal rate reaches 97.5% within 120 min. This study verifies
that CA possesses dual functions: Efficiently desorbing soil-sorbed NAP and enhancing subsequent oxidative
degradation. The present work provides theoretical support for the green and efficient remediation of organic-
contaminated sites using CA.

Key words: naphthalene; desorbing agent; desorption kinetics; advanced oxidation; contaminated site remediation
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