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Abstra&: A total of 33 surface sediments were collected “from rivers in Chengdu. The content of phosphorus species was measured with
the (l;}iemical continuous extraction method (SMT) and in situ monitoring techniques ( DGT). Multivariate statistical analysis was used
to analyze the spatial distribution of phosphorus species in sediments. The release flux of DGT-P in sediments and their pore water was
calculated in this study. It is helpful to understand the influence of sediment endogenous pollution and human activities on the
environment. The results show that the phosphorus species have a spatial variability. The average content of TP in the surface
~! which is higher than the background value of 365. 00 mg-kg™' in Chengdu. The Ca-P is the most

dominant species, accounting for 70.58% of the TP on average. The study area is divided into three groups based on spatial

sediments is 1 132. 41 mg-kg

clustering. Groups 1 and 3 show large differences of phosphorus morphological structures, while Group 2 is small. The contents of
phosphorus in the surface sediment of Groups 1 and 3 are generally higher than those of Group 2. The DGT-P concentration has a good
correlation with the soluble DTP concentration, bioavailable Fe/Al-P, and OP concentration, respectively. The DGT technology can be
used as a fast, in situ, reliable method for measurements of the bioavailable content of sediments. The higher release fluxes of
bioavailable phosphorus are N8, W11, and N2, which are 20.05, 17.13, and 14.79 mg-(m*+d) ~' respectively. The available
phosphorus release capacity is closely related to human activities.

Key words : megalopolis; sediment; phosphorus form; bioavability ; multivariate statistical analysis

BT 2 T VU R X AR RIR T 2 —, 2017 BE(TP) SRR AR T (E 1) . SR KR E
ERERTTEAE N1 604. 4777 A, tL 2012 4R35 B IR EZEBR WL K, & 6704 Bl A o) 18 oh AT
TR 200 HANE, BEHX A LT 600 A A CBHE  DshE#EI KRB, Kk, B S RS
i AT Gt R ). AU CHlR R, NDURWE R B AT M Ak A R G PR A
A, BT 3R XA W 1) A0 DX ZE A, N 2T B
FEAWIE R, ARIREETS R H 45 R . 2012 yammm. 2018-05-23; #47 EIA. 2018-07-09
~2017 4E L3k %EW%QWIWE’JK%T&E, BEETA . BEZOKKIG A6 578 MR T L 10 (2014Z2X07504-

005) ; JRARTTEREL R4 R & T

5 YL W ) it VR HE T e D, AR T M ER K P s TEERM: TIR(1988 ~ ), &, WEBF5/E, EEBFIIr 1 R T
15 YR AFEAT, E-mail ; dingyaol220@ 163. com

Eﬁﬁ#&ﬁ*ﬂﬁﬁ ( NH4+ 'N) E\%%W&Fiﬁﬁ—l\— [E% , 1%‘\ * fﬁﬁ_ﬁ?%,]ﬂ—mail;sisyang@ 126. com



220 IS T 40 %

T, EEETURY DS EH TR 2Kk, A R

A SMRBE IR A A, 2 3 K b i

P B 0 DU RBE A AT RE KR L1 BRI SR

B BRI BT LB SY 0 AR W W ekt | A 5T X IR A T TG L, AT )4

T IR ) 7K S5 ) Ay o B, NG, AT ARZ 1020547 ~104°537, b
PO s T A S . B LA, BsRgt £630°05° ~31°26' Z0H]. ATTARPEER 192 km, AL

B LRI A, TR A YA AL 96166 km, RUAIF12390 km®, AT, KM

P B A AR 68 I 1 W 2R A K KK &
AR OB B RO F1 L A S AN B R
?,H\Mﬁﬁ/j‘ (KA Wy el AL 25 ) T AR A

ARG Ak SR TR B A, SRR
‘?J‘l\lﬁ?ﬁ‘?ﬂ']iﬁ%ﬁ%@ﬁﬂ‘]%ﬁ?ﬁfﬂ%@ﬁ%?&ﬁ%
e, BISMT #0190 92005 Tk S U WA i T w4
TEEBE, B ewieas, A EHBML, EHE
B, FITRFE A A B A e . g [ 22 0T
W4 K 2% (Lancaster University ) f%) Bill Davison gk
SEHIE R 1 JEE T BICHE IR R ( diffusive gra,dients in
thin films) """, ﬂf“ﬁELL%ﬁijﬁﬁéﬁZk |2
Fﬁﬂii%ﬁxﬁlﬁjﬁﬁﬁﬁ ﬁﬁ{ztmu Fick 4 —
SEHE g Rty %“ﬂ‘%i‘liﬁ%*ﬁ%éﬂiﬁ@”ﬁﬂﬁ?}*ﬁﬁ
Y S AL 8
ﬁﬁiﬂﬁ*’“()ﬂl}Flfﬁfﬁm/ﬁfﬁﬂﬁﬁﬁl'sj. ik
Tﬁxﬁﬁ%ﬁii@*#ﬁfﬁ’]%?ﬁfﬁ%% Pish R
& !5} iy | 7]°H kg {4% ¥r ( porel water equlhbrators
.Peeper) I jrE]Lfl—TIZ@I(dlffuswe eqiflhbruj_mf
thm films, DET) 2545 R B A 0 5 4 P ALY
PRI ] T T B B R AR5 A SMT
T2 A I 3 85 2R 0 A i i 2 2 DU AR W) A ) O3 A R
fit, [RIEFRL DGT £ A 5 AR W) b A7 S W
i, PG AR WA RS I 0 B & BT ST A
TE—E R BA BT 0 B A0 3l X i i1 52
W], ST AR DA DR B R XU T 4 it 2
ZARYE. EN AT UURR ) T B AR A B o
FEARP TN K | WS, X TR
Wy A7 IV 25 1) BIF 5 DL R T

= TROW) ® NHJN = IRanbbig

025 | 25 025
021 021

0.19

e
i
=

| 0.14~

TP(W)/mg-L™!
'a

) . s .
= — (%] (¥ - i =

PR R S BORINHL -N/mg L™

2012 2013

2014 2015
o
E1 2012 ~2017 SRR R K F K BUik S
Fig. 1 Surface water quality of Chengdu City from 2012 to 2017

20016 2017

5. AT 58 T 35 B 1. 22 km-km ™%, AT
JEMRYTFNETL KIK ZR (K] 2) . %B?I@@ﬂ“ﬁﬂﬂﬂl& 7L
Sy RS, HPEMISRAMT, SERIRVTIER, ZRMh
I, 5K, S FHELRs , ERRIRIT,
ZAEN- 4% i (R PR K SCEh ) 2958 145,00 {2
a”'. FIHERITHE SR B SR 43 Ok i BT | R ART
AL VTR VA | BT S ORI R R 4
ZAF 1 AR U 53 26 42, 1 176, 26.61,
9.65. 11.80, 7.69'{Zm" -a” /I_%%i%'ﬁeijmﬁ
], 2 ik B AR R, s Sk, ZHETY
mméé:\ﬂﬂﬁ ﬁf/ﬁ?%@ﬂ(%ﬂiﬁm 61 12
*ﬂ?ﬁ%zl(ﬁ%aélﬁm 73 fZmdea ',
E/J?mwl(a@[imﬂn 14HZm* 2™ F 42 i BB
*H{E ﬁfz:/"’mfﬂﬁ-f(aﬂ:#ﬁémmt%mkﬁl_.zs (14
e iﬁ ﬁﬂﬁiﬂﬂﬂmiﬂi g@*ﬂzi’{lﬁ:m%(#

Eﬁlﬁ) j‘776 40 fem®-a” Jﬂﬁ%ﬁﬁikjﬁﬁﬂﬁi“ﬁ
Je T A R oy 4T W % e ALY 70, 4%, pieC

T FN9 169 km® R AId]
FUR3 221 km.
1.2 FEACREHb

T2016 4 10 H T 4], ZERCER AT BUX Ju FE A
AT A1 33 AN RAE S TR AR, BRI 3
iR,

KA WL IS R K 28 R P EAOKEE, B
AR CAFIBEER R, W KEE pH 2 2 £ 47,
16 4°C 4 FARAE, 24 h NI 58 % M M A
(DTN) | VA S (DTP) K HAbFE R, RIS
KBRS RER R 2 ~3 m MRZTIH
B, B SRR 3 KRR IR A R, PhERBR 2
FYIFRIRSE Y, B TR OIEER A 48T, B
BEEHRAT. DU WAL i 25 22 5256 % 5 0 U B 47,
— AR TR TR, SR 78 S, P
100 H i, BB E T B A TR g A
éﬁﬁ Ti— A TR RE i B T =R A B
W, FFEAT DGT .

1.3 FESHTT L

PRI Md F HACH HQ40d F1 HQ11d i pH | &
fift S8 (DO) F8hR. KEELZE 0.45 wm FLERUE BT 8
A3 A i R A AR k- 45 A 4 o O B vk (HY 636-

VEIT TR FT R 29. 6%



14 TEEAF : RRRIMT I i R SR DU IR 25 70 A1 B 8t < LA i o 3 221

»z

5]
— KE

IR
SRAL L
WRATAMT

B

20 40 km
3 'r : L.' H2 EﬁnEﬁbk?Ta.' 4 w_,. '- -n| [ _.':-". ’_,-""‘,.5".-:"'
: |F1 r system in the stqdy ea L J i ,an
l'M_I ,-l""‘l:p: .Ill F, ,l f "Z/lgﬁ .a:','rﬂn:" n“" b agff i .*{.
G ' 0. 14 a1 0| 48 % FURIENE, ot RIS

3 MREKERESMLTE
Fig. 3 Sampling sites in the study area

2012) FERBE BT 43 6L 1 (GB 11893-1989 ) il 5
DTN F1 DTP 53 & ¥ B, i H &5 it TOC-L I 5 7] %5
PEEA HLER (DOC) I MR B, 50 5 R k5 B I
GB 11892-1989 Wi, UUFY) S (TP) | TCHL#E
(IP) . F HLEE (OP) | A A Ak 8442 HUS B (Fe/Al-
P) | SRR IUSHE (Ca-P) Er gt >R SMT J7 &
ORI B 20 (TN 57 1 FH i o it T 8 4 b 5%
MY FEICEETHEIE , UL (TOC) &K I NY/
T 1121. 6-2006 M &, WOk 54K B GB/T 50123-
1999 l%E , S7KFEMKHR HI 613-2011 &

DGT %' E W H DGT #F oA B2 &l (e >
HrRE ), SR 0 W R RS A SR A e i, R A
Ji 17 36 4 0. 78 mm JEJE Y K BE RS HUZ DL &

%9 3. 14 cift . DGTRE AT 1E 4°C AT T i 3<\EIJ
¥ DGT %Eﬁ?ﬁfmﬁt&‘ o L 5
—ﬁ'ﬁmﬁﬁﬁﬁﬁﬁ%T?#Amﬁwﬁm
i, i DGT R A UE S TR 78 73 Hefk 24 b, If
SRR S m N T = = R = ) 3 N el S e R ) QU LR
DGT M, BRI E MU, SR
BYITBUE W, 5 mL 0.25 mol-L~" H,S0,
REEMI I 8 h, R HI & E 45 #E 7 75 EPA method
365. 3 (4H R i 43 6 6 BE k) I 5 12 VR Wl o At

W RRERRE I AR 0 5 T f O R (1) H S
)0,
¢e(Viia + Vgel)
I E— (1)
Ko, e, MUEMR T BARY) RS, mg- L7, W]
6 R VAR O e 3R DA A HORAS 5 VoM T
FHBE M AR B, mL; Vgelﬂil Fe-oxide M B i {4 FH
(0.25 mL) ; £, 0 HERY MRLSCE, PO, TE Fe-
oxide H#"qulél/]f H 1.

W AT P DGT g

ﬁ?‘ﬁz (2)i+ESH.

M =

SRR (cpep) PTiE

MA
Cper = FAg (2)

K, Ag MYHUZ R, — M oh 3 HORE Y R B
(0.78 mm)'—ﬁdﬁﬂ%ﬂﬁrr(o. 014 cm) ZHl; D A4



222 2D 55

ol 40 %

L
¥

Tl B PRI AEY U 0 8RB (AS IS 3 e
FER21C, BHRMB D K542 %10 Cem?-s "2 ¢
KB (s); A i DGT % B (R kL 11 1 R
(3.14 c¢m®).

DU DL R TR F LB K H B e B 7l e Bk
i [ E LE W BRERES |  AKHE Fick 2B—@fE, 76— E Rt
Ti) PR 38 o 47 PSR e W RS B [ ) B 2 - ) i P
AL R (3) AT 3
Deyyr
Ag (3)
Ao, FONARCEBE TR Y A ) K R
i, p,g-(cmz-d) _13 D 1 Ag TR (2) CD(;Tj'q
TE—E BRI DCT 2 & B 1 5 7K 2 23 Bk h 88 1
B L, mg-L~".
1.4 Bdukbs s by

K SPASS 18. 0 3 {4 147 B4l i g o4 ik 43
Br . BRI AR AR 43 A, i %€ Barbour B9 IFAT
J7 2 R T T v (5 B8R D 357 BT, AR A

F =

®1 FARKRERETR

FEVRANTR] 9 8 B 175 00 0 T A R R 8, A &
B, 1Q =3; 25 A P ALBUE ¥ 7E X J7 A6 44 1Y 737
TWHIZAN, 1Q =25 A —J5 T A2 BUE AR J7 Fi AR
FIZN, 1Q =1; 2% A A BB X 7% 5 4 478
ZW, 1Q=0. KM RIEF AT EE AR 2 4
RO 3 #7 ( nonmetric  multidimensional scaling,
NMDS). R Arcgis 10. 0 Fl Origin 8. 5 #4424,

2 RS

2.1 KB IURYIE bR oA

REACHIFSE S0 33 A R0 K i B LRI i
TTGEHAPHT(F 1), BR NS LISK, & sk ik pH 75
AR 7E7.26 ~8.20 Z[A1WF5h, L5596, N5
9 pH H 6,77, SLERRATE, N R SR BE KA
KIEFFEL. DOC, ERFRRRERR L, BOD, HhR I S M
AKRA WL 5 R, TS 3% 3 ARG A T
P, TR A R, AT B AR 2475 3
Fﬁﬁ f | & y .

1 -

BB | N

Pable 1 Descriptive statistics of the water quality and surface sedimént content at different sections of the rivef*

= iihr f SR T BUME mokfll ) Bt PR bRl SRR
' S | VI R 6.77 8.20, 71799 7.80 0. 31— 07054
=] oo < T gL 2= 400 9.40 7 7.10 # 7.40 1.58, L 0.27
_ DOC Al mg-i*" 0. 18 874041 12.397 ' 1.70 2.14 Q.37
— . IR LR f o 0. 80 5180 2.62 2.40 1.20 0.21
- 7kﬁﬁtgf/]‘\ - I_J%ng& ?EIR& i 1.r“r‘1c i <
2 |/ < BOD; ‘; | mget 0460 7. 40 3.05 .50 1.82 0.32
| - DIN meg L7250, 64 7.88 2.87 2.80 1.85 0.32
ey
Y e NH,! -N mg - B 0. 08 4.24 1.04 0. 60 1.06 0.18
‘ - DTP mg-L ! 0. 05 0.82 0.26 0.20 0.19 0.03
DGT-P pgeL! 1.39 334.70 60. 74 5.72 94. 93 16. 53
ok # % 15.74 355.47 45.99 29.10 65. 81 11. 46
TOC g-kg! 2.10 58.10 12.93 10. 60 11.94 2.08
TN mg kg ™! 300.00  3300.00 886. 36 700. 00 646. 30 112.51
- _ TP kg"! 4 2390. 1 1132.41 1045, 487. 4 4.
SRS b mg-kg 535.47 390. 17 3 045. 50 87.45 84. 85
1P mg-kg ™! 458.67  1907.37 994. 14 908. 50 397.29 69. 16
OpP mg-kg ™! 13.10 511.90 138.27 96. 20 108. 25 18.84
Fe/Al-P mg-kg ™! 18.00 761.10 152. 98 101. 10 160. 95 28.02
Ca-P mg-kg ™! 197.53  1422.03 766. 94 802. 90 273.08 47.54
A7 >60 mm % 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
B4 60 ~40 mm % 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
A7 40 ~20 mm % 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
1% 20 ~ 10 mm % 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
LR 10 ~5 mm % 0. 00 40. 06 2.44 0. 00 7.22 1.26
5 ~2 mm % 0. 00 31.88 2.60 1.00 5.66 0.98
#2~0.5 mm % 0. 00 39.72 6. 47 3.60 8. 74 1.52
#0.5~0.25 mm % 0.15 33.66 6.96 4.40 8.28 1.44
5 0.25 ~0. 075 mm % 10.24 85.79 44. 80 40.90 21.56 3.75
L <0. 075 mm % 1.79 85. 47 37.01 42.50 24.91 4.34
AW X IRTLRR Y 0 (TOC) M (12.93 = mg-kg™) B 2.4 5. o (TP) K (1132.41 =
11.94) g-kg™'. w(TN) N (886.36 = 646.30)  487.45) mg-kg ', BMHZ g sl #RTH + w15 5 (M
mg-keg ™', PIME LN ACARTH AT =M (373 (365 mg-kg ) M 3.1 A% AR KR DU



14 T ERAE : R R I R = DUR U BRI 25 3 A AT 3« UG T 2 f51 223

o (TP) AL, HCER T 0T I 42 2 DU R 9 B4 1l 785 3% K
P ERWEE, SRLEF — K (F2). R
I B R 2 R B 53 R BE R R 1992 48 il 2 1 T
Y P 48 B AR, Hh o (TP) it 600
mg - kg " RENS 5 AL B AR B AR A FE RO, Mt
2000 mg-kg " RENS 5| R 7 HE GO A A R PERLN
ARG s A A AE — 8 W A A IR B KU, v
N7 H1 W9 iy ™ H 5.

AHFFE K IHA 29 A AL UL H 60% L -

R/ NT 0. 25 mm, IRSFURYR A . A 21 4
ST 2B kAR R 2 ~ 0. 075 mm
FIRD. FEAT 11 A A A UL R P2 B B kA%
/T 0.075 mm BYRPRL. KHER A s A B DL vh
SAHLERAZNI10 ~2 mm WK, W W7 &FH
46.35% (%, % w0 F R 5T XS vE M, A i 3=
B . By RO RN, 25 5 i — 28 Kk,
BRILESTEEE. ALK RREL, SR,
ARFEHTZ.

%2 BRRETRARYEHE RS LR S/ mg kg

Table 2 Total phosphorus content of river sediments in the study area compared with other areas/mg-kg~

1

R S T B BT
N 535.47 ~2390. 17 1132.41 £487.45
SEIES JE W I ZR AL 30 AT 260 (1 SR 73.05 ~239. 94 152. 64 £55.37

IR F 7 ) 453.16 ~1338. 15 744. 98

RIS (R B 7

560. 00 ~ 1 130. 00

R[] 480.00 ~1650.00 P
T 2 ) 447.00 ~3 517.00 | : [,l'}/fp;-J
oM Tt ) e 830.00 ~2850:000 | | 556.90
S iffy 31 "f-"'.-*';'L 387.60 ~ 2*14} o | \ 103}1%9? 40 |
R i 1390 -5 980 PRE \ 4 %
i ) (i) "ﬁ [ = ses2 o/ . N e
.l f T Vv | g
~ SV 24 HJ
A2 v /f%%ﬁﬂ‘ﬁ | z/’/ NS ~ Nd{ﬁ%ﬁmn fﬁﬁ 2 AL
o 'fﬁﬂfre" B2 iACRIE ek ;ﬁﬁ ﬁ Aw;,r)** \ M’wéiﬂimﬂﬂl NI - N4
g@ﬁﬁ%%%ﬁﬁ?hmﬁ ?’ ES(CIERUPE: akné KR B UL 5T
ﬁ%&ﬁﬁﬂ21w $ucu %hﬁ%&*»%a%ﬁﬂ&?ﬁmm‘mnﬁﬂ

ﬁ(ks' -N9). U ™2 -6 ﬁ(g(lifﬁi
WL G, T2 BT kK A, A BB e e
Uy BEA UL A VG 0 AR ATETL TR, SRR
WO, B YR IR S A 20 T7 ., T8 SNYEYL
S AT b A, A2 B EE P B Tl i 52
WA, WIS LSt T9 | T10 R TL T b asifr, 94
U 3 ARSI (BT, ARl AN IR ) SR KT A2 35 Y

N9 19

L (W2 ~Wi12). Hr) N10, N11 {5 FNIL T
ﬁ Eﬁﬁ%%ﬁ%¢z@,kﬁﬁﬁﬁ%,W§
SEA TG YR, i EAR kK, KAz

, MR E SR TiRE; W2 ~W9 374
mifﬁiﬁﬂ:ﬁl‘flﬂtmu@ﬁ']fibmi 15 Y T AL B ]
TRV INE], WO s 2 T Bk, Rl R A
NKIESRE, 15 YRR G 24 Hi5 B R W10

AT, o
G o T | A

B4 REESTRAPDIKE 0= 8 5 2 g R 53

Fig. 4 Dendrogram of the sampling sites and area division by spatial clusters
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