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Table 1 Extraction rate in water and diffusion coefficient in overlying water of various parameters

28 NH; NO; P s> cd Co Cu Fe Mo Ni Pb Zn
AR 0.84 1.03 0.96 0.95 0.94 0.98 1.03 0.89 0.98 1.05 0.96 0.88
EImE i 23.96 7.53 8.22 21.59 7.64 7.82 7.89 7.67 8.27 7.83 10.07 8.25

T PR BRA N 1070 em®/s, ZHORIUM AL Mhttp:/www.easysensor.net/ .

FL B A1 25 Bl 2 B0 ( Coer) T3 3L LA 23 5C
BEE
MAg
DAr’

K, Ak P2 TR (013 mm); D& IE R
DGT ¥ HUZ ¥ 8 ZR B (em?/s); ¢ 2% i & B[] (24 h);
A & DGT H H A I I AR (3.6 mm?) B,
243  PUHUHE R R

AR ST BT v FERR B L B SRR S & BT R AR
DU — b B3 7K BT 9 9 /R BRI 3R )2 DU L BR
R, liz M Fick 55— ARG Ay Hum &, A8

(3

Cper =

J:JW+JS:—DW(8CDGT> —chs(aCDGT) , (4

axw (x=0) axs (x=0)
o, TN DL Y — 1 Kk B R P
(ug/(m*-d)), Horr g, FJ, 25 26 b K Mt AL £L
gkt it (2S00 ) oy e e e
(x=0)
& (mg/(L-cm)), il 33 X R )Z VTR Y LB K S E &
K R Tk R 5 VR EE (20 mm) A9 $RLA il AR A B
e N FIZ VUYL, TIN5 0 28 I 3] BUAE 43 591 g
0.5852 F1 0.800%; D, il D, 435l kg v i A L 7 K AL AR
YIFLBR K B S22 T8 BL R B (10 cm¥s), AR S L
21, Hrp D, M1 D, B A AE T AR TR,




MAEEd 4445

¢ <0.7,

¢>0.7. (5)

Da
DS={ P
Dy,

3 ARSI

3.1 HBRY-KkFAER. BEANGEDBRFRHLT

W& 3 fizs, NH; NO;,| P il S* ¥ & 3 i) 43 A B
R —, 2 @R, U AEEINE 15 K NH A
S B AR 22 R K, T 3 AT B B K NOSHT P B ik
BB TIRINE iR I AE, B s 5 A5 LA o 7EDL
AL B K o, S8 U] i NHG | NO; | Pl S* (1 ~F- 24 {8

Y T ORI PR NL(E, e mREIS 6.43 %0 AP u
FLERNT S, BRNHGAE, HoAl 3 Fh 280k B #R R BN 78
RIS AL AL BB/ DN, A T AE LI B B R .
W A OCSHINO; PR ™k T G F i 2 v T3
3, R DK PNOSHIALERUK P AT S, X AR AT
AE-5 WA 3 5 S S BRI G, 5 YN T sl B R BR VT 1
B, W T Heys 1 LR s SR R A X, T
DRI 3 B B BRVT DV 0 . Rl B S A st 1y
IRIRBE SR AFAR G, TRINTE JH 301 R 73 IX S T 30 24
e SFUAE 3 R

YR /mm

20
ZOi
0 0.1 02 03 0.4

NHpr ¥ J8E/(mg L")

0 0.2

0.4 0.
NO; ¥ B/ (mg L)

0 07 14 21 28 0 0.3 0.6 0.9
Poorik #/(mg L) S W JEE/(mg L)

3 P —K A b DGT ARGEA . BRI B 2 (7 43 1
Fig.3 Vertical distribution of DGT-labile N, DGT-labile P and DGT-labile S concentrations at sediment-water interface
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SZB and MZR represent Shenzhen Bay and Maozhou River, respectively; blue and yellow backgrounds indicate the overlying water and pore water

in sediment, respectively
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Table 2 The concentrations of DGT-labile N, DGT-labile P and DGT-labile S in overlying water and pore water of Shenzhen Bay and

Maozhou River (unit: mg/L)

S NHZDGT NOpgr Pogr S%;GT
TN K L 0.05~0.20 0.07~0.09 0.04~0.10 0.003~0.12
ByfE 0.12 0.08 0.06 0.05
FLERIK LR 0.04~0.24 0.06~0.13 0.06~0.29 0.01~0.15
ByfE 0.07 0.09 0.16 0.07
B2l FEK LR 0.07~0.13 0.39~0.54 0.07~0.45 0.01~0.13
ByfE 0.10 0.45 0.21 0.06
FLBIK LR 0.05~0.30 0.09~0.40 0.53~2.52 0.15~0.68
B 0.11 0.17 0.89 0.45
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Fig. 4 Vertical distribution of DGT-labile metal elements concentration across the sediment-water interface
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Table 3 The concentrations of DGT-labile metal elements in overlying water and pore water of

Shenzhen Bay and Maozhou River

B CdDGT‘?f{f If}f/ CODGT‘%EE"/ CuDGT?iEEi""’/ FeDGTﬂ%{E/ MOI)GT%TE/ NiDGT%EfE/ PbDGT%SfE/ ZnDGT%E&*F/
(ng'L™) (ng'L) (ng'L) (mg'L™) (ng'L) (ng'L) (ng'L) (ng'L)

IS LEK JE 017~025  0.12~1.14  1.33~3.16  0.16~0.32 120.77~174.03  4.82~6.59 1.44~1.54  65.03~77.74
HyfE 0.21 0.49 227 0.22 132.77 5.32 1.49 69.55

LBk JERE 012~0.19  031~1.16  0.72~2.05  049~297 88.90~364.31  3.16~7.88 1.35~2.04  48.31~119.09
HyfE 0.14 0.57 1.05 1.68 145.54 471 1.61 75.91

PR BEDK JER 017026 035~1.44  7.51~15.09  0.15~5.60 63.19~100.08 13.43~22.35 1.20~1.38  40.53~52.90
HfE 0.21 0.70 9.43 1.40 74.18 17.27 133 45.71

LBk JERE 0.19~1.00  0.55~8.02 10.03~190.22 3.03~9.07  52.99~74.25 17.62~127.62  134~2.76  49.52~300.03
HfH 0.36 2.05 54.98 4.70 61.17 39.02 1.62 104.70

ARG T [ i b B K R FL B K rh 42 8 o 3R Mk
B IR 25 5, R — 3 L BEDK S LUK h &8 e R
W A AEA TR, BRI FLBK TPy &R T R
WG T K A R B . ETRIINE L BR T
Cu Fl Fe, VI ALK h & @ e R W E S5 1 E
K PR R VR BB AR 22 R B R . N 1 B K BT -
K FLTH, Co Fl Pb ¥ FE B 2 34 ¥ 385 K5 1 Mo, Ni Fll
Zn W& E 0 R Wik o 7R DT FLBR K H, Bl TR
FE R BN, Mo, Ni Al Zn & Ji 3% 7 15, X 2 8 17
7K Ht Fe, Mo. Ni Fll Zn B 5 T fifi £ £ DUFR 4 L B 7K
Ho SR UIN, TR ALBR K Cd. Co. Cu. Fe. Ni,
Pb Fll Zn Y53k B i 1 LK, W K Mo SE
W TALBR K . M BB KB UTR Y —K AL, Co.
Fe /1 Ni ¥ B W] 5 2 ¥ 15 K, 17 Cd Fl P vk B W] 1 3
W /0N s AE DURR A v, BB TR EE A HE i, Cd. Co. Cu,
Ni. Pb il Zn ¥ 3 328 ¥ 4% fin, 1 Mo ¥ J&£ Bifi %5 % J32 14
s FE R E R A . KR Mo 4b, Hib &4 B85 T
i AELE DT AL IR K .
33 ERAMEELENEAHhEMESE

EA BFIEE£ W, Fe-P-S = 14 X FALER K
BB E AL T mE, &S BoR T RIS
PN DGT A Ak . Bt . FAH Vi B 1) 4 Mk A
Kt B Sa FE Sb B, TRIINTS FE P K4 rh A
SRS AR A e B 2 0 TR AR DG, a3 W A i 4k

FIVFETG Al 2o A8 2 2 1 2k S A SR 38, BV ZE U B —
KT EB A A SR T, B S Bl R e
Bk, 3 EBUE RS OB R B S B e DR —K
FHH R EB A IR JE AR, BEE SRR IR & R
Az B Fer 22 T % i 1) W B B T, 5 50l 0 i A P
Ak, DT (A5 3k A A Al vk i 24 7 s (11 3, P 4).
Pl Sc 22 B, BRIITE 7K A v A5 R0 S0 R i e B 22 b 3%
IEAHSEME . &l Se AL SE BN, RIS F1 5 P K 44
HA SRS Tl L U 2 W E AR O, X SR B 1
AR P3G Ak A B 2 T AR R . X —
AR Z MR sL 7 TEYINTS FE Y] £L
B K R R 3 )k 28.72 F110.59, 3 3 B ER B Xt T Fe-
P-S = H WHEA A AR B

Bl 4 f4 33 R, i 4R Mo 5 HALE £ )8
TE RIS F Y] () 53 A7 R AE AR B I 25 5, (R AE
RIS 7K AR Mo e Bt =5 T2 9T . 141 5g A&l Sh
SR, RIS 025 P 0T K A b A7 2808 S R ok B 22 £
FHOGHE, RS F I . T Mo 1 1] R 2 9 i
A4 v 1 T BR A1, 5 350 Mo FIUA RS e 38 14 T 150
A7 22 B BCRFAE DS, 33K i B T UR I K A4 oA RS
W FE A T2 N I B4 . BF S s i W) s AT
FUW) AT A Sy Mo WYL, i T ke 40T AL T A R
Mo [ IR 19, 5 3¢ B AN [R] 96 52 2 OB A3 8 X F Mo &
JE DA AR AR B



8 AR TRIITE S NI IS e v 2 DU AR FL B K P IR R AN 4 R o0 F AR R E K H R B HGE BT 17
4 10
a r=0.778" b =0.493" o
n=48 n=48
8,
=~ 3] ° =
o R ¢ o
g o o o 1ad & 67 e ©
2] - B o’
2 o " o ® 2 4]
g ®e 0 q " g ’
~ 1] o s oV = - :
: P 2 (R .f' () ® e
L7 . N
v I o o ST
0 0 o# ; ; ‘
0 0.1 0.2 0.3 0.4 0 0.7 1.4 2.1 2.8
15 Feparif BE/(mg-L™") 10 Feperifk E/(mg- L)
c =0.479"" d =0.273
3.0 n=48 (d Mo =48
e o9 83 .’ [ ] [ ] "
=~ 25] ° = °
a ° ° a
T T o [
0 1 e L & 64 °
2 20 . ) *e®
‘M 151 ° ) M .,'1 ‘.
g 15 e ¥ 4] e 4
5 L [) 5 ®
2 1 [ J ° 2
v 1.0 o ® 200 ® e o
® LX) 24 ® ®,
051 ® o »* S °
& ® o o TINE P Eaib)
0 T T T T 0 T r T
0 0.04 0.08 0.12 0.16 0.20 0 0.2 0.4 0.6 0.8
Fepe ik E/(mg L) Fepa i B/ (mg-L™")
0.4 2.0
e =0.368" f —0.821"
n=48 161 *ened n=43
~ 031 . °° ~ ‘e e
a [ ] [ - ° [ ]
- ° - 1 °
g * ° g 2 ..' L] ° L4
_Q 0.2 ° . _@ F I
* F B #0381 'o.a.
4 . - . 4
0.1 R X % 04 ..'
Y .‘.‘.. [ ] : °
[ ] N N ST
- psi] ke 2
. oo ‘ ‘ ‘ WIS R ‘ ‘ ‘
0 0.04 0.08 0.12 0.16 0.20 0 0.2 0.4 0.6 0.8
Poerik BE/(mg- L) Poerik BE/(mg L)
400 110
g -
1 =—0.263 =-0.601
350 _ n=48 1004 '.\‘... n=48
2 3001 * 2 o
= e & 2 907 . °
& 2501 ° o5 2 oo
. L NS ay 801 ) °
% 200 o % % ‘o o,
5 % o 2 3 ’
2 Q ° Q 2 701
@ 150 ] ., s = o o 2 ° °
o 9
] P/ ° 601 °
e %8 Ca
0.6 WIRE ° W
50 % ; : 50 et —®
0 0.05 0.10 0.15 0.20 0 0.2 0.4 0.6 0.8

Moy, ¥ JE/(ug-L™)
& s

Mo ¥ BE/(ug L")

BRIV R DGT A8k | it B 1 A9 e M A DG

Fig. 5 Linear correlations among DGT-labile Fe, DGT-labile S, DGT-labile P and DGT-labile Mo in Shenzhen Bay and Maozhou River
*URAE 0.01 2 L3, +URTE0.05 )2 LB

** Representing significance at 0.01 level, * representing significance at 0.05 level

3.4 DGT BMESWMHIZE 8 5 miFE

Kl 6 2R T 4 DGT B AUS B2

] 73 A 15

B, DAL H AT T A4 v A A8 A A 2 T 23 A 22 531 1

o BT, S U A RS B
IPENI A %?LF%KEPHJZM%‘/&TEO M B,

5

B FIRYINE,

TEEYNTE, 2~0cm Fl—-11 cm IR E M T £ T )/ EB



18

MAEEd 4445

WG T R4, Fe ik &) 0.29 mg/L. 7EZE ], b AT
IKA RSB B RIS 22 AN, (R TR LB K v
A L 1 VA i T 0 T S, KA A
=9.6 cm Kb Fff T 3K BN KU BE(E R 1.07 mg/L, TFE—6~
=3 cm F1-2~0 cm 4b H B TR AR XML 42, X
S T AR A S A5 % DX R B KR 4, E i
BCIZ XA RS B B 5 I KR AR Y
B i

-20

—80

0
0 4 8 12 16 20 0 4 8 12 16 20
i B /mm B JiE/mm

Bl 6 RIS AP DGT A 02 it 19 — 4 23 8] 43 i
Fig. 6 2D distributions of the DGT-labile S in Shenzhen Bay

and Maozhou River

Pl 6 K71, A RS B R B AE LR —K i
TR RERY B . WIS E, BAREA
DX I A 2080 i o 2 AT, FLR (AR A oK it T S 30 A7
TE A4 B vk B Xt AP AT ok 7, ORR A L B K
A RS BRH E E  T R EDK R R, UM K ST
W 30 A 28 i e R A e A 2, 3k 3 WA A i
oy T SR AE M XU in R L UK ke
JE XU T A My 4 S 0 T IR AT RS B B 4
A REEEE T AR A e AR
35 MARY-KREERELTEMNERLZNT HEE

P 7 J 7 g RN 01 25 T K A e 8 5% R 4

JEIE R (UL TR A G ) 7E DU —K S
LA EGE . ARSCUATTRY K B LR 2 em 4b

1 45 i S 50k R UL LU B B, 25 SR O IEH R
ORI PR T KRR X BN S, &l 7a
R TR 7K AR o 2% R S 50000 7 0 Sk 1F {5 1 5
WL S, TRYIVENH, . NO;., P Al S* 1 4 i &k
3.8x107°~2 272x10°° pg/(cm?>-d), 3 Al B 9 HiE &

~1.6x10°~-1.0x10" pg/(cm?-d), 3% 7 B IR I V5 A [a] Feh
B IR DU —K B - TR 1)L 8 K R Y

2 WY A, T 5 Y T AN [ o 5 5% 00 T B 5 T e AR
Wy —7K ST it A AR TR AL B K b AT 2% 3 IX T
TR FLB K 8 TR O o

G
= Ui

I

NH; NO;3 P S

0.00242

0.001+

(=}
n

—0.001+

y‘ﬁﬁﬁ/(ug.cm—z.d—l)

—0.002+

b —
0.06 W

0.03

0

—-0.03

Y ROE R/ (ug-em™-d ™)

—0.25%
—-0.27 I

C'd C'o C'u F'e Nio I\'Ii P'b Z'n
B 7 RIS R U 8 57 3k (a) R &2 8 ST &R (b) 7E3T
TR —K A B &

Fig. 7 Diffusion fluxes of nutrients (a) and metal elements (b)
at sediment-water interface in Shenzhen Bay

and Maozhou River

Kl 7b 7R T8 A4 Ja o0 3R AR RIS A AT 1T
TR —K S A JiGE &, 25 Fh & B oo R Y Hol
22 WA o RN K A & T 4 8 e R B B RGE
oM -267x107~6.5x107 pg/(cm?-d), 2 P IA] (9 4" i
N —6.1x102~ 6.9x102 pg/(cm>d). *f T Mo il Cd,
HAE YNNG 5 25 W DAY —K ST 3 HiGHE & 1 48
X AE 43 591 Ry e KR B /DS, 33X 5 BT 00 ok E /A —
o XA RSB HOE & 5228k A
A AH T A MBL, 12058 4 T T IR TR Y -
JK S AL AN 4 JE U R Y HGE B, 3R 4 WOR A [A] b
FUTE DT —/K 5T Ak w5 0 8 A6 J& T & 9 i
i, A SEAG T EEE A AL T O A W S5 R 2
N, HEH Y 22 53 AT BB R T A [R] SRAE IS JR] RIS [] BF 5
DX 8k Y 235
3.6 BEFRAMEETERESH

KA E SRR G B T R TS R S HOR R
KRB, A SCH ] F2 053 3 Bk (PCA) 73 i i
IV 02 PHRT 2% i 280000 SR TR DG 1, 45 H IR YIS Fn
5 W] 4% F0 2 B KMO( Kaiser-Meyer-Olkin) 1 56 42
T 510 0.549 F110.822, 3% 2 WA S5 PHRT ZK {4 Hp 4% Fip
SR A OCPE R 5 o [l 8 B s S TR I VS R0 2 P T 7K



S B IR AR VRIS A YA N b 2 2 U RR 0 FLBK v % 6 R 4 T 7T B WA AR AE B H ST R ST

19

F4 AAMETABRYKAALBMEBTENT BEE (£4: 107 pg/(cm™d) )
Table 4 Diffusion fluxes of phosphorus and metal elements at sediment-water interface in different sites (unit: 10~ pg/(cm* d))
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Study on the characteristics and diffusion fluxes of nutrients and
metal elements in shallow sediment porewater of
Shenzhen Bay and Maozhou River

Luo Manhua "2, Zhang Licong2 , Li Hailong 2 Guo Yuehua®, Xiao Kai’
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Abstract: In order to understand the distribution characteristics, relationships and diffusion fluxes of nutrients and
metal elements across the sediment-water interface, we investigated the vertical profiles of nutrients and metal ele-
ments through the diffusive gradient in thin-films (DGT) technology in Shenzhen Bay (SZB) and Maozhou River
(MZR). The two-dimensional high-resolution available sulfur (DGT-labile S) distributions were also synchron-
ously measured. The results showed that the mean concentrations of NH;, P and S*~ and heavy metals of Cd, Co, Cu,
Fe, Ni, Pb and Zn in porewater of MZR were significantly higher than those in the overlying water and the SZB, ex-
cept for NO; and Mo. The pollution degree of nutrients and metal elements in porewater of MZR was generally high-
er than that in SZB, but the pollutants of nutrients and metal elements in SZB were more than those in MZR. The
spatial distribution of DGT-labile S in MZR indicated the distinguish bioturbation-induced tubes, which enhanced
the spatial heterogeneity and led the increasing of solute concentrations with sediment depths. The diffusion fluxes
of nutrients and metal elements ranged from —0.27 pg/(cm*-d) to 0.006 5 pg/(cm*-d) in SZB, and from —0.061pg/
(cm?-d) to 0.069 pg/(cm?-d) in MZR.
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