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Fig. 1 Stations of sediment sampling
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Fr B IR 5N ¥ i 2% b (pH 4.8) 1Y Na,S,0,(50 g/L) &
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2y A % 5 {3 DU 5 B2 € pHL, 7E BUE ) (1 min~
12 h) JH 5 mL (97 55 25 I BOR G B i 29 4 mL Jf M s
3 o B Sk B S AT U (0.22 pm) . PREEER 1 mL Vg
SR AE S o R W €5, A3 6O BE VR TN E Fe & i X
2 mL I VR R BB A R 0, FH 43 D B R T TR
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Tab.1 Physical and chemical parameters of sampling sites and sediment samples

28 2 c3 C4 c6 c7 cs A6-1 A6-2 A6-4 A6-6 A6-8 A6-10
K ERSE 0.15 0.14 0.14 0.14 0.15 0.25 4.76 14.41 21.28 31.21 32.17 32.36
TOC/% 0.39 0.12 0.17 0.12 0.15 0.63 0.43 0.73 0.57 0.64 0.39 0.33
/% 19.6 6.07 8.73 5.32 4.41 282 19.6 30.1 203 23.0 11.6 9.41
Bb/% 73.4 18.1 23.1 125 11.0 713 53.6 69.8 73.3 74.7 18.8 17.1
/% 7.05 75.8 68.2 82.2 84.6 0.47 26.7 0.09 6.38 2.36 69.6 73.5
Fer/% 3.28 2.43 2.48 2.67 3.11 431 3.24 4.64 3.74 4.06 2.97 2.60
Feyg/umol-g ' 188 193 202 190 203 205 228 206 212 212 191 146
Ex-P/umol-g”' 1.13 0.85 0.87 0.87 0.95 1.67 121 1.28 139 1.66 1.24 127
Fe-P/ymol-g ' 3.90 10.8 6.91 8.56 124 7.41 4.24 3.94 3.34 2.26 4.00 3.53
Au-P/umol-g* 422 1.92 2.74 2.49 1.94 5.13 4.09 5.75 4.43 4.66 2.47 2.28

: FerfU B Fe it Feyp U BTG M Fe; Ex-PIRFEAH AT 55 FHASP; Fe-PIRFEFeli & 4P; Au-PIRE H AP,
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84.6%. 11.0%~74.7% Fl 4.41%~30.1% Z 8] (% 1),
M4 E 2, €3, C4. C6 Ml CT NPT A, A6-8 Il A6-
10 R e s, A6-1 b Bk b, FEAHE fh (C2. €8,
A6-2. A6-4. A6-6) B b, TOC & & 7E 0.12%~
0.73% Z [a], Fe, ¥ B 7F 2.43%~4.64% Z [A] . Fey, o5
WE 146~228 umol/g Z [f], Ex-P & & 7£ 0.85~
1.67 umol/g 2 [a], Fe-P £ 2.26~12.4 umol/g 2 [d], Au-
P 7 1.92~5.75 pmol/g Z i, C3, C4, C6 Fl C7 iX
4 A B £ i TOC 7 1 B A At sl 432
(p<0.05).
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Fig. 2 Classification of surface sediments (according to classi-

fication of clastic sediments*”")
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Fig. 3 Time dependent Fe( Il ) dissolution and simultaneous release of Fe( I )-associated phosphorus in HCI solution at pH 3.0, dots:

measured results, curves: fitting to the reactive continuum model (a, b). Kinetic parameters (theoretical amounts m, and apparent rate con-

stant k) together with bottom-water salinity, clay fraction, and total organic carbon content at each sampling site (c—f). Ob-

vious differences of kinetic parameters at sites C3, C4, C6, and C7 in comparison with other sites are indicated by red col-

or column

PEHEAT AR X 4303, Fe()-k 5 %5+ He 4] DA K

B L J TOC & & Z [ Y IEAH G . wl WL, A i

TOC 75 i Z (A7 7E ik 3 (0 IEAH G (p<0.01) (&l 6¢,  FRiARW, & & A HLEAY &G L IR h Fe(Il) % & M
K 6d), kAR Fe(ll) BAHR AR 22 MG TERRE & .
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iR B R A LR (p<0.01)(E 7a), H Fe(Il)-m,
5 Fe(I1)-P-m, Z A B A R 47192t ¢ & (p<0.01)
(K 7b). XKW Fe(Il) A1 P EAG MUY 15 1 5 7 2
FRE . o4k, Fe(11)-P-m, 55 Ex-P DL K Au-P 1 B A7 45
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Kinetic characterization of reactivity of iron dissolution and phosphorus

release in surface sediments of the Changjiang (Yangtze)
River Estuary and the adjacent East China Sea

Xiao Li', WangDi', Ma Weiwei', Li Wenjun', LiTie', ZhuMaoxu

(College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100, China)

Abstract: Kinetic dissolution and the reactive continuum model were combined to characterize the reactivity of

iron (Fe) and phosphorus (P) in surface sediments of the Changjiang (Yangtze) River Estuary and the adjacent East

China Sea. Two kinetic parameters, i.e., theoretical amounts (m,) and apparent rate constant (k) of reactive Fe, were

extracted by fitting kinetic dissolution data to the reactive continuum model. Results showed that Fe( Il ) phases oc-

curred in all surface sediments studies, which could be ascribed to rapid reduction of highly reactive organic-bound

Fe(Ill) flocculated/precipitated to the sediments. It is inferred that Fe(Il) occurs mainly as FeCO; in both the

Changjiang (Yangtze )River Estuarine sediments and the adjacent East China Sea sediments. The m, and & values of

Fe(II)) were controlled mainly by total organic carbon (TOC) contents and clay fractions. Simultaneous release of

Fe( 1) and associated P (mainly exchangeable P and authigenic P) resulted in similar pattern of dissolution kinetics.
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Relative to P adsorbed on surfaces of Fe(II') solid phases, coprecipitated P with Fe( Il ) phases has higher m, but
lower k. In fine-grained sediments with high TOC contents, Fe(Ill) oxides have lower m, values but higher k in com-
parison with those in coarse-grained sediments with lower TOC contents, which is caused by different processes of
Fe redox cycling. Overall, the dissolution reactivity of P associated with Fe(Ill ) phases is largely controlled by the
reductive reactivity of Fe(Ill) phases. Our kinetic characterization indicates that flocculation/precipitation has
caused reactive Fe enrichment in the estuarine sediments, occurring mainly in a narrow zone of low salinity, but the
enrichment could not be revealed by conventional Fe speciation.

Key words: iron; phosphorus; reactivity; dissolution kinetics; flocculation; precipitation; Changjiang (Yangtze) River Es-

tuary; East China Sea



