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FEE SRR S 7 B9 T JETE DTG 7 AT 50 DR b R R AT R R T ORI AL B S B
A LR ( DOC) A it AR Ak T H X HEFE TR W R -f W A B2, 25 SR 320 . D &3z JLAR Y (RS) H TOC TN 1 DOC &
EWE T OUUEY (ES) ;RS F1 ES 1 C/N Her5024 12. 30 112,00, DOC/TOC 43 H 400 3. 50% F12.70% , ) Wi
FEF R E R PR o DOC 7 & RIS b RS b DOC & &t LuXT B (CK) BRIE T 24.21%—99.49% ,1fi ES ' DOC & &
ML CK FEAIRT 18.71%  69.14% , 3 i Freundlich AAIHLA  JE7E RS _FWEHEY N {E KT ES, I LBl 55370 [ SR 4 2 &2
TR ETE RS 1 ES 1R A4 K (820 517E 185 —792 252 — 530 pg' kg ~'-L"Z [a] , Z LTI Y 2 5 H CK 327 1 0.50 —
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Effects of dissolve organic carbon ( DOC) contents on sorption and desorption of

phenanthrene on sediments during ageing

JIAO Lixin"*, MENG Wei"* ", ZHENG Binghui'*, ZHANG Lei’, QIN Yanwen
1 College of Water Science, Beijing Normal University, Beijing 100875, China

2 State Environmental Protection Key Laboratory of Estuary and Coastal Environment, Chinese Research Academy of Environmental Sciences, Beijing 100012

China

Abstract; Dissolved organic matter (DOM) is a key factor that affects the environmental behavior of hydrophobic organic
contaminants (HOCs). However, the relationship between the change of its DOM and the sorption capacity of HOCs during
sediment ageing is unclear. The sorption and desorption of phenanthrene (Phe) on the sediments from the river and estuary
flowing into sea around Bohai Bay were investigated in batch experiments in this investigation, and its change of dissolved
organic carbon(DOC) content and its effects on sorption and desorption of phenanthrene during sediment ageing were also
discussed. The results indicated that: (D The properties of the sediments from Jiyun river ( RS) and Beitang estuary ( ES)
varied greatly, and the contents of TOC, TN and DOC of the sediments from RS were 13036, 1060 and 457 mg/kg,
respectively, which were higher than that from ES which were 10754, 900 and 291 mg/kg, respectively. The ratio values of
C and N of the sediments from RS and ES were 12.30 and 12. 00, respectively, which indicated that organic matter of the
two sediments, especially for RS sediment, has been highly influenced by anthropogenic sources. The ratio values of the
DOC and TOC of the sediments from RS and ES were 3. 50% and 2.70% , respectively. @ The DOC contents of the RS
(ranged from 2.4 to 347 mg/kg) and ES(ranged from 90 to 236 mg/kg) sediments trended to decrease with the ageing time
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prolonging. The DOC contents of the aged sediments from RS and ES decreased from 24.21% to 99.49% and from
18.71% to 69.14% , respectively. 3 The N values of Phe sorption on RS and ES samples ranged from 0. 645 to 0.913
and from 0.757 to 0. 872 according to the Freundlich model, respectively, which trended to decrease with the sediment
ageing time increasing. The K, values of Phe sorption on RS and ES samples ranged from 185 to 792 pg' kg ' L" and 252
to 530 pg' ™ kg '+ L" respectively, which trended to increase with the sediment ageing increasing. The K, values of Phe
sorption on the aged sediments from RS and ES increased from 0. 50 to 3. 28 and from 0.42 tol. 00 times, respectively. @)
The sorption and desorption curves of Phe on RS and ES showed obvious hysteresis, and their HI decreased with the
increasing of Phe concentrations in solution. Their HI values of Phe sorption on the aged RS and ES sediments increased
from 1.1 to 8.3 times and from 0.7 to 10.4 times when the Phe concentrations in solution was 1 wg/L. 3 There were
significant positive correlations between the DOC contents and their N values, and the significant negative correlations were
observed between the DOC contents and their K, values. These results indicated that the change of DOC contents during

sediments ageing possibly played an important role on their Phe sorption and desorption.

Key Words: phenanthrene; sorption; desorption; sediment; dissolve organic carbon

TR R G Bk A LTS Y (HOCs ) TEDURR Y - (1058 Z I FFEAE AN Ry 2 4 il e 2 9 1 1Y) 32
B Pkt R AL N DU b B 32 A R 40 8 H A HOCs W B - W o o 43 33 % T ELAE
M 3F HEA MR (TOC) & B AA ML B2 500 HOCs W FFF - e A7 o i G s R 10 LR vh i
fEPEA LT DOM) AL 55 T R4 S B AL R BE AR A ML A 43, 5 H e A MUTOR B, AT 0 g /K o P
ARG, RS DOM F R/ A G A HUS R E AR/ —ER 5 (B e TR 52 m 2% h HOCs [k
JiE 2 A K A R G BOIE RS RS LA B A M S e R A W ap AT o T A ARG , YR DOM AT i
il HOCs 78 -3 AW SRS Bd A IF5E R0, DOM BE K PEA HLLL > BES W F7E 38 v A AL B, A
T E 4 5T HOCs Ayt —E W B ') DOM 2 e G BR A0 A HLT 4143, +HE/ DB Y HEAE 3 2 o DOM %5
5y % BN Wi sh B R T 22 A D A Pk 2E R AR s AR IR 2SR I, TS U HE A R R A T K
AT HLER (WSOC) i, I LS AR | 5 BLRR S i ALl th 2 28 T I e s 20 RNt , B M AMR AT %
TR AL 375 DOM 224Xt HOCs MR Bt -fif AT R s ma i) s, A SCE 3 3 BT R IR I 9 TR
YA TR R T S A A WL B i 72 AR FE R B - WA T A B S I, X 4 7 HOCs FEBREE AT o B
R,

1 MRl5H%
1.1 et

T OB (8,335 1 ( Aglent Techologies, 1200) .GC/MS( GC-7890N/MS-5975 , Aglent Techologies ) . Fl4x [ 5l
HLRERIL . FEWET Alfa Aesar 237, 4615 K 98% , B M (i 4li | NaN, MG AL R4 Hr 4l
1.2 UUFRAIRE SR AR S &

ORI RE % 18 1 75 8532 9] (RS, N39°7. 018, E117°43. 602") Fldt I 1 ( ES, N39°7. 021", E117°
43.602") , Hia ] Ry i A BN Z — , 8 AR K Fifiiz i B s KA, AU SE R s A
K RE BT A AT 1, 3 AR i R TS e i R ELW A 2007 45 5 H AR R U 245 78 i 52 ] At g o 2
Al FCRERZ 0—20 em WUTFEWIAE S . B SSTURIRE SOR G TR G AR & B3 W8 T S iy
WIS =R TR 4 . DU RS S e A 32 R BRI 20 ¢ o 18 H i M UTAY T4 T 100 mL 3
BB A 40 mL ZE1R7K , FHTIE =5 e 525 76 T RAR 9 (28 °C, %) S5 9% . A BiIfERE 97 0.30.,120,
300 d JEHURE , A TR RE & 258 R TR 2 100 B 4005 & T T2 H .

1.3 MR- S g
HERAFREL 0. 1000 g FOFE, 7 THEE (HPLC) J5 , FH 100 mL A# (A B E 25, FH B O RS B S 1E 4 °C UkAS
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NI ZAGEAT , SEAETUR) b 0% W5 BFEAT A Wit AR PR S0 06 00 i o FETRANGE R A « FH e I 38 10 - Y I i
NS SRR R Ha FEHR B K 0. 02—1. 0 mg/L 281 M B 19 W% RT3 ( 7 ¥k v PP s 5 B 5 R TE 1% L)
W), BHIFMW CaCl, (0.01 mol/L) /N FEH" B4, NaN, (200 mg/L) ¥ BN 332 W i 36 1k . FRECES
DURRWIRE R 0.2500 g B Tt A 350 25 O N, HER I ACAS [ 3 B8 7 R B 5 T A o JRFH B 5 1 9L
S B R 75 T %, — R PR AL IR PR P (25 °C \200 r/min ) G HR T 3 d (4% 5256 22 BH i A 0 AR R S 7
3 AP A4 E Ik B B AR A ) L 25 1500 1/ min 2540 30 min, 7 e BT (0 1A 0 A v P E B vk
BE o A TE R0 B v 3 RSP A v T VR B 22 A B SEAZE DURR W L W o o, A G S s i R A 3
S RS O, RS /RS & RIE W, R A . 7RG SE R TR, B0 S T 2 — ROERR
22005 TR B R T A, DA HRAL R B S X R S B A RZ e, S A iR 25 B AE 5% LA, RIS TE
UM A 5 R B 512 56 45 4 9 CaCl, (0. 01 mol/L) Al NaN, (200 mg/L) i ¥, £ 5 IR FE KA (25 °C 200
v/min) BEOCHRG 3 o IE IR PR RE DA A I S T B A ) G R R e R R S o R RS B e
IELA
1.4 Mk

SR P AR E B Gao 5PV IIFSE Jr ik . UUBIWI AR B HLER (TOC) FLEVE (TN) 7 2431 R
FHEE R R AT AM IR TG 2 kI E 2 DU DOM I 25 88 T /KRB (7K: o0 10:1) , Hiegn it &
R RIS T IS R DTRI AR 5..00 ¢ B T ELOE T HERRFS A 50 mL 2K B5FIK  FEMEIRFE R A (25 °C 200
r/min) #Z3% 16 h,12000 r/min B0, FIERGT 0. 45 wm JEAE, FH TOC {SG0 E BB 4 i A MLk ( DOC) ¥k
Bl AR RITTR h DOC &, TR 2 3555 58 (PAHSs) 5 2 F st 350 28 U AE BURT GC/MS 43
Mr. EELBHR FRI2.000 g & RS S5 —E RAYTEK Na,SO, IR A, B TR AR, BT FAZE RS
FIMIEC ke A LR G (1:1) , AEBGEEE 125 °C, 77 10. 3MPa, B4R A S min, fHFF 2 1K, A FEH
WK 70 mL, ZEBORTERERE 78 &AL (30 C) Wi 2 | mL, Z )5 b 5 TOK B FR A1 FIAE IS 1Y) )2 A A AL
PUE ek, - LUE ot/ @ BB AW (1:1) Bl , WA DR M AE 30°C TH IR BE e 28 AN kA e A =
0.5 mL, GC/MS AiFE R HP-5MS A B 4N A4 (30 um x 250 wm x 0. 25 wm) , FEFE TR 250°C , #0
HEE 290°C , AN E R, THIR AR T . W1 60°C , PR4F 2 min, 28 )5 LA 10°C/min # R FHE 2] 120°C, FLA 4
C/minHPRFHE 2 290°C , J-4F 10 min, SEEHTMH0 LA % B A ISR 5L PAHs [RIICRH 72% —96% ., L)
Iz 3 R, T BRI R T SPSS16. 0 I SYSTATI0. 0 4k 44743 #T
2 HREHNW
2.1 UIRWIEARHE S5 3Rt b DOC & 78 {k

VIV VS AR (RS ) AN T (ES) PR3 s DU A A B AFIEAEE I B 25 5% .t 1 n] UL, RS B S
H TOC TN 1 DOC 43914 13040 1060 456 mg/kg, & ES FEM FFARNFEFRG 1.21 1. 18 1.59 {5, Al 0L,
TR DU A WL &5 s T O DU, RS A ES KEA R C/N FLR05010 0 12,30 F112.00, B35 TR
ZHCEFVEDURRY) (C/N 76 & 10 ZIA]) . RS FE4H DOC/TOC H 43k (3.50% ) W # & T ES FEA (2. 70% ) .
T340 RS RS PR S R 2 ES ARSI Y 1,73 A, LRSS R WA S TR 24 32 B SR HLT
ARSI M I T RO TS e dse Ry e 5, I ELUURU DA HILIT AL T A0 %o 0 A A B B, RV nite
RS Fl ES B0 sk AR 40 A TGI8 25 5, ¥ IRy RDRE A =8 | TR AL B A (&1 2)

F1 HET5LEIRRYNERNER
Table 1 Characteristic of the sediments from RS and ES around Bohai Bay

FE TOC/ (mg/kg) TN/ (mg/kg) DOC/ (mg/kg) Phe/( mg/kg) C/N DOC/TOC/ % pH
RS 13036 1060 457 3.20 12.30 3.50 7.6
ES 10754 900 291 1.85 12.00 2.70 7.9

BAHLER TOC; MA TN ; B HLER DOC; JFE Phe; /A L C/N ratios ; W P HLER T 4 B BLGR & 810 A 43 I DOC/TOC ; R T JiE
pH fE
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RS #1 ES H1 DOC & & MiE DU & AR SR i K 2R 2 NS (B 1), i 1 aT WL, RS 7E85 37
30,120,300 d J& DOC 243054 347 233 2.4 mg/kg, Hb CK(456 mg/kg) FEIE T 24.2%—99.5% , i ES &
R:3% 30,120 300 d J5 DOC & 4358 236,154 .90 mg/kg, H CK (290 mg/kg) FEAK T 18.7% —69. 1% ,
WL, RS e TR R DOC B AR LR F K

500 - 0O cK L
30d RS
3 120d ES
400 300d 2
= N
s =
”‘{ﬂg 300 | ﬁ ]
2 4
S5 ¢’
A 8§ 200 &g
o =
Q 2
2 52l
100 - A
0 1 1 L ]
0 0.1 1 10 100 1000

Rif2/um
& Samples "

B2 RS 1 ES HRMKESH
Fig.2 Distribution of grain size in RS and ES samples

El1 %3332 RS #1 ES # &5 DOC 22T
Fig.1 The DOC contents of RS and ES samples during ageing

2.2 WAL

HAKEA LAY (HOCs) 78 13/ UTFR Y I ) W 56 55 15 2838 5 7T Freundlich FAURHEIA .

q.=K.C! (1)

(1), g R GEIR B I 58 A S W B 2 B i (mg/ kg ) 5 €, S V8 B 1 1 T iR v 1 ik
JE (ng/L) ;Kpat Freundlich 584 b 505 68 3 AT 38 BE A DG S (g’ kg ™ L") ;N J2& Freundlich 54X
T AR TSR R B R . 18 3 FIER 2 43 s 1 HETE RS FIES R B A B 37 5 A i B 0 IR B 45
TRZEFMIN B Freundlich RG-S40, M3 2 I UL, JEXE RS Fl ES XFHERE & WK B Freundlich $5%% NV (€
53920 0.913 F10. 872, IR B B B AR PR BRHRRAIE . Bl ORR W 1% 37 ) [B) SE 4G, FEAE RS A1 ES M4 |
W R AR MR I A e, o 3EAE RS AR i BB Y NV (EZ8 16 7E 0. 645—0. 817 Z[&], T #E ES
EALRE L EIR A N {EAEAEAE 0. 757—0. 813 Z 0], FEFETURRY 1 AW B RE 71 A 1 K (B PR TR 2 R A
FEEE IR A A DG, A BN 7, FE7E RS X BRAE S EIRB Y KA (185 pg'™kg ™ L") BEHALT ES XJ AL
A (252 pg' kg L") o BEE DURRIIRG SR N E] A SE A FETE RS A ES KR FIRR Y K B3 2 e, 78
PUBRWIRESR 30,120,300 d Ji, EAE RS A A LR K (65051 H CK REaL &R T 0.20.1.70 3. 28 %, 11 ES
FERR U 2 B2 5 1 0.41.,0.74 1,00 %, ] WL S [RIEBSTARY) 2 A8 7 J5 0 HE R I B B ) 35 i 2 1, JF B
RS FEMR T NI,
2.3 SRR

AE7E RS H1 ES K HAZ AR5 e A i E e BT ik W S5 iR 2R B Freundlich 77 FRAR ARG (K1 2 .3 2) .
5 AR B R AR LY FEAEDTRR LA W A Al S MR FE RN K A R0, I LR B0 -t W o R A A ) o ) i )
M4, Huang AR T S R B HI( Hysteresis indices) :
=T )

q.

(2) i, g gl 53 R W BRI AR o R (T) FIVRBE (C,) T, WR R A -4/ LR L vk
JE, FE25 CHIC, R 1,10 F1100 pg/L A0 NHE 7RIS RECHIME (% 2) . B3R 2 v W ARFEVITRYIFE
dn ) HI Y BEE T WH SRR BE R I 22 IR 3, LA €O Tg/L M0 FETE ES X HEAE i _E I8 B fige 1l 4

HI
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50 50 50 50
CK 30d ° 120d ° 300d o
40 b °e 40 | o 40 | ° 40 o
30 - a® 30 o 30 a® 30 °
A A A
o & 8 %
20 b 20 | 201 A 20
A A
A A A
A A ° o
(] [¢]
10 | 10 F 10 Fa 10
6 3 5
?0 0 ﬁ 1 1 | 0 ? 1 I J 0 1 1 | 0 ! 1 J
’§) 0 200 400 600 0 200 400 600 0 200 400 600 0 200 400 600
< 50 50 - 50 - 50 -
N CK 30d 120d 300d
o o o
40 | 40 - 40 40 +
o ° N Ao
30 | A 30 F a 30 A 30 a
A
oA oA Ao A
201 A 20F a 20 b 20 8
A A
o ° ° h ©
10 | 10 fa 10 [ 10F
& go é ‘9
Y S, e, Y B
0 200 400 600 0 200 400 600 0 200 400 600 0 200 400 600
co/(mg/L)
B3 FEERRY - ER
Fig.3 Sorption and desorption isotherm of phenanthrene on sediments

L RSHEM; T LES FEM

HI{E}0.651, .3 5T RS XA (0.453) , DIRRW &5 B AL B 3% 5 MW s Jo B 8 Jin e | o dEAE ES
CALKE S b W B fE I  HT R BERE R T 1.00—10. 37 4%, T AE RS ZALAE S b 0% - W 1 HT B b
BRRE RS T 1.12—S8.29 1%,

F2 FEERRY LM -BREEXSH
Table 2 Sorption and desorption isotherm parameters of phenanthrene on sediments
R B 45 d 2 R i J FR AR
= i 1] Sorption isotherm Desorption isotherm Hysteresis indices
Samples Time C.=1 Cc,=10 C. =100
K, N R Ky N R ‘ ¢ ‘
/(pyl) /(pg/L)  /(pg/L)
185 0.913 269 0.875 0.453 0.330 0.218
RS CK 0.999 0.992
(21)V (0.019) (79) (0.057) (0.115)  (0.103) (0.045)
278 0.817 710 0.663 1.556 0.790 0.254
30d 0. 0.992
(27) (0.016) 999 (140) (0.039) 9 (0.324) (0.2306) (0.052)
499 0.738 979 0.639 0.960 0.560 0.242
60d 1.000 0.993
(29) (0.010) (180) (0.037) 9 (0.285) (0.219) (0.022)
792 0.645 4125 0.343 4.210 1.597 0.294
0d 0.996 0.924
? (132) (0.028) 9 (1108) (0.057) o (0.896)  (0.343) (0.039)
252 0.872 416 0.786 0.651 0.354 0.111
ES CK 0.997 0.997
(46) (0.031) 9 (71) (0.033) 9 (0.129)  (0.056) (0.009)
30d 356 0.813 0.998 819 0.670 0.992 1.304 0.659 0.195
(48) (0.023) ’ (167) (0.040) ’ (0.236)  (0.098) (0.046)
60d 440 0.787 0.999 928 0.641 0.992 1.109 0.506 0.076
(38) (0.015) ’ (180) (0.038) ’ (0.151)  (0.105) (0.008)
503 0.757 4229 0.395 7.404 2.659 0.593
0d 0.997 0.900
? (94) (0.032) 9 (1428) (0.072) ? (1.335) (0.673) (0.089)

1) Frifedi 22

http ://www. ecologica. cn



3 BT A DU Ak AR R DOC & 8735 Ak ek 3 W B - i W8 1) 5 i 871

3 g

TE YRR 35 DU HLR A] & 2 45 R A 2 A W At R 520 RSB0 W = B0 F K %
PEA B, KL DOM 1E S 38/ OB Hh 5 3% BR A A AL IS 20 70 7 15 5% 4 2 v O 25 5 1 ol A 00 Ik ik T S
B K 7 15 Ve AL i R KA HLER (WEOC) 5 B R S B T R R340 AR 5 op th A5 5
T —BURLEE, BIBEE TTR 208 32 ) ZE K RS I ES A& S DOC & 1 B FRAT (& 1) , R R
T A TG B KA AR T DU R DOM, M T TR & i ML, RAE Ak, RS #E4h DOC
FEMR S B = T ES, I HAERFE 300 d J5 DOC & JL-T-/ e 0,1 ES 85 iP5 & DOC & &, X
F G WA IS RIGURYIRE S AFAE AR R 5 R0 DOM AOPE A 56 . RS DURUIARE SR AR L, f AR %32
BN E B 52 m DURR R T KRR AT AL, AT R T e R . T ES AR SR AR S ]
WA, Z NG T x>, Pk ES VTRV RE S s AL FR B e v, o AR e & TR Z W HA
SRR T 454 1Y) DOM, By 78 B rh ARXE R A M R . BRILZ A0, B ES #E & R B2 19 7776, DOM. 15
A=W REAR T R SR A%  FEPL PR A e — 0 58 TP R

AU HOCs 78 458/ 3R E W - /E R 9 £ SRR AU 38 08 b ToC & &,
W S5 A MU R B A 5200 B ABFFE 2 B, HOCs 78 38/ IR JC 58 A WL b 1 8% B g 28 1k 43 i
VEF, T 765838 254 WL W B2 B0 HE O 8 AR R A 0> g iF 5 & B, B R S AT WL L G e T AT AL
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