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Release Risk of Phosphorus by Sédiments and Its Inﬂuencmg Factors.- m Ponds
and Ditches of a New Urban Dlstrlct Park /

o s =

LI Ru-zhong', SGNG Min', YANG Ji-wei’ e = f & T

(1. 8choal of Rcsources and Environmental En’gmeer}ﬂ'g, _H'éfel University of Teghnology, Hefel 230009 China; 2. Water Resoul’ces

Research! Institite of Anhul Province and“Huadihe Rlver Comrmssmn Ministry of Water Resources,, Bengbu 233000, Chlna) L
Abstract: This/study lexamined five ponds and }hree dlt(-:‘hes in the Shufengwan Sports{’ark in a new urban district of Hefei Clty, from

which sutface-layer sediments and overlying vater samples were collected duringsautumn, winter, and summer. The equlhbrlum
phosphate .‘tlzoncentratfgns (EPC,) of the sediments and it§ respomse 10 exogenous carbon or nitrogen were then measured. The resulting
EPC, values wereised to assess the risk of phosphorus‘telease Bx_.th’% sediments. Finally, major factors influencing phosphorous release
were (idéntified u.sing the Partial Least Squares Regression( PLSR) method. The sediments in the urban park exhibited a light-to-
moderate'level of phonsphorous pollution, with the total phosphorus content ( TP) ranging from 209.28 to 713.51 mg-kg™' and
biologically available phosphorus accounting for 18.51%-36.21% of the total phosphorus content. Under ambient background, the
EPC, values in pond sediments were 0. 012-0. 142 mg-L ™", with a mean value of 0. 057 mg-L™", while in ditches the values ranged
from 0. 036 to 0. 156 mg-L~" with an average value of 0. 078 mg-L~". The addition of exogenous carbon increased the EPC, values
(by approximately 47. 5% in pond 3) , and thus increased the risk of phosphorus release from sediments, in pond 1, 3, and ditch 1.
However, EPC, values of the other ponds and ditches decreased (in particular, by approximately 58. 6% in pond 5), indicating that
the risk of phosphorus release decreased. After the addition of exogenous nitrogen, the EPC; values of almost all ponds and ditches
declined to varying degrees (except in ditches 1 and 2 during the summer). In particular, in the EPC, value of pond 2 declined by
approximately 51. 6% . The declining values imply that nitrogen was a limiting factor in phosphorus uptake by sediments in ponds and
ditches. According to the results of PLSR, nitrogen and phosphorus had different effects on the EPC, values of sediments in ponds and
ditches.

Key words: new urban district; landscape water; equilibrium phosphate concentration (EPC) ; phosphorus release risk; influencing

factors
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Table 1  Status of aquatic plants in ponds and ditches

T YUK

MY FEAR A
7K E 1 W B Vallisneria natans MEE Nymphaea tetragona FNHE il Canna indica M Typha orientalis
IKHE 2 T Vallisneria natans — 2k 92 N#E Sagittaria trifolia 1 Canna indica
K 3 T Vallisneria natans — —
JK 3 4 B Vallisneria natans — e AT Thalia dealbata F1 Typha orientalis
KIE S W5 Vallisneria natans — i Typha orientalis
W1 — — —
VAU 2 — R Pontederia cordata U Sagittaria trifolia
HEE3 — — 7125 Phragmites australis

1) “—" FR T B

®2 KEKREAMERY

Table 2 Physicochemical properties of water quality in ponds

Eistuy K1 K2 K3 K 4 KI5
TN/mg-L " 8.20 +0. 64 7.90 £0.46 8.68 +0.73 8.67 £0.65 7.98 +0.41
l\llrié('—l\l/mg-L'l 0.74 £0.05 1.11 £0.02 0.60 £0.05 0.76 £0.05 0.71 £0.03
NO; -N/mg-L"! 2.85+0.51 2.93£0.18 3.61 £0.42 3.70 +0.28 3.62+0.34
TP/mg-L " 0.070 +£0.016 0.166 0. 026 0.108 +0.037 0.111 +0.035 0.112 £0.041
SRP/mg-L"! 0.033 +0. 002 0.091 0. 025 0.064 +0. 025 0.080 +0.033 0.070 +0.018
COD/mg-L"! 7.17+1.22 12.88 +2.48 8.23+1.73 4.56 +0.41 7.10 £1.08
pH 8.20 +0. 64 7.90 £0.46 8.68 +0.73 8.67 +0.65 7.98 +0.41
EC/uS-cm ™! 395 +51 470 +30 298 +37 362 +80 422 +32
TDS/mg-1 " 201 +25 237 +16 200 +49 245 £ 98 291 £119
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R R RURBUY A 3 A TR . 2019 4EFKEE
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SRAEUURRWIRE i KoK 3% 1 KRR, B A 485 A 7%
MM E KW (T) . pH G i K (TDS) FHL &
F(EC).

FERAS RRE BRAE 400 mL /KR 45 0] 5288 %5 43
Br. KEET 4°C FROGOAAE, IFT 24 h W58 K
FRAR I 43 B ik, K BT R AR A 4G S A (TN) L = A
(NH, -N) fEAS % (NO; -N) LW (TP) | fl
(SRP) Ak #5484 (COD) . 15 FEA 57 i 2R 4
3 RIZ 0 ~10 em FEVIRY) IR G S ERFZ
UL FHTURR AR il A S 6 2 B B TR 1 4K
WU R I3 100 AIS 36T [ 4SS B A7
AT ST OKIE TR AR K, AR T s Y
TRESh R AR TR ST G 26
Y JE KRR 53 7. ¥ R UL BUTRS phRSE
5 by 3 KSR, v
2.2 | FER ST Y
[ RBR(TR) TGS B (Ex-P) SRR AT AN

(RFAIP )8 T E YAt oy 500 2 0B s

5 RO 2 IRESHIRIRA"  FI AT (LT 1X
3 PS8 R SMT YLD E DL TP FI Fe/Al-P;
SRR 1 mol -L™" ) MgCl, MELERHREHE I T
B Ex-P. BRI RS LI

IR A BRI 43 HT I3 2 SR [ 10 ] A FH B it
SRR 5: 1A LR RIK IR & 0 5E pH
DU LT (OM) %5 1 1 550°C N HI5E 4 h 5 Y
Fh 220,
2.3 VIR Tk L

PUBWIBE T (EPC, ) S5 LBV 1111 5
JE LK R A 1 S 5 B B SP-7E7
B ER AV 3B PR LB B
U B S R VS 1) A e EPC, WIS I B VE LB %
k(2]
2.4 SFLRTRBIT et 2

FEXHRREE S, Rt 4 FhSss T RER 3)
AL 3 A TAT. 4 KRSy ik g L AR 1 L 3R
SULSCHRL 1T Yo HEFRIE I 24 b R A BRI 55
FEHAI IR TE 1 U E S HESCmk [ 13,14 ] ° F%0
38 537K A Ty s A A iy £ 4 PR, %
5T AR K 75 B, 5 AR A L
OB S8 5 e ) 5 AR 8 — (7 25
el gl r % 03 bR Rk R B
150 mg- L~} B0 B SNEBRAN AL 51k WA A

SR AR S

#3 EPC, ZHEH"
Table 3  Experimental conditions for EPC,

N WEHE WL LAV

kS mgL-! mg-L-! gL R
25 K IR 0,1,5.9,12.15 — — —
1 [ I — — 3 ~4 i
2 W I 150 (LA C3t) - -
3 Gl — 150 (PAN3) —

1) “—" FARARBINZI RG], bR i FR98CR ] KH, PO, BEH)

2.5 HEab

KB T 225081 (ANOVA) |, it b A [a) =45
W EPC, {H M AR 24T Rk ¥ 5 E Z (8] EPC,
25 Sk, RIIET SIMCA #: i0 fi 5 /) — 5fe
[l 2 T8 R (PLSR) ff# At b 48 KK B8 br sl T A7
YIFRAL IS BRXT EPC, (B 1) 5 2k, Horp [ )3 5 M A=
BRI F o (EAR R F AR B (K T8 b5 o UR ) 2R Ak 35
B ) X RS 8 (EPC, H) M BTRRAE J7. — I, Fypp
HRF1WAEERTEEAER, F,EHNT0.8 ~
1 AR E TR EZ A, /N 0.8 1 —#
AR SR A P S R 2 il - Excel | Origin
1 SPSS A2 L.

3 HBRESM

TR S

Pl 1 Ay % W TS Bl VR S TTC AR ) TP Fe/ AL-P Rl
Ex-P Fr (S, v LU IR TP & 53 i 5
FoKIE. Forp K3k TP & f A8 4K R 209. 28 ~
573.85 mg-kg ™', WU TP & & U Fl N 401.59 ~
713.51 mg-kg ™", 5 E WIS /NGB L K 3 T
T TP &8 AT (286.3 ~651.3 mg-kg )7, B
AR T A AR DX 35 Yo 7™ 5 A G BRI SR WA Y TP
SHEE(1048.78 ~1781.24 mg-kg ™) " AP TIR
W15 gL K E 19 43 2648 1E ) TP > 1 300 mg-kg ™', &

3.1
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V57K 5 500 mg-kg ™' < TP <1300 mg-kg™', H
BRI 5 TP <500 mg-kg ™, B HE TS BT
I, AT LA GE S50 125 /A el Y S L AR W) v e 3R Ak TR -
TG ROKF-

800

00 | TP EZAFe/Al> EEREX-P
_ 600 F
P T
g. 500 F {- T@
= o400 | !
5 =
S 300 b %
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[-9
= 200 f
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Fig. 1 Contents of phosphorus forms in sediments

TR AP A T L) P ol
YIRS, DRt 2 W 0 5 B R TP
VRSB KRR 4 I 4 24 9 W A 7 T gk
B . L, Y OB Fe/ ALR Bl BXD AT
AL R A A R P A K
SN Y 2 3 RO TP R A e e T
VA3 (44. 89% ) H UK E 2(36}.;2‘%“) WA AE

e R 3 (19.27% ) , JUM ¥ SR A RO
21. 13% ~29.82%, FHE 1K 15 Tk 3 R e

T A e SRR A AT R o TP R 48
B TA RSN AR R T K 2 4P ik 8 (14. 49% ~
15.43% ) 20, T A% F A b 37 38 b A [ 25 K o
(31.03% ~60. 86% ).

A, K S VTR OM A8 4k Y5 BBl A 3. 63% ~
5.74% (${H 4.66% ) , IR 4.19% ~ 6. 04% (¥
5 4.99% ) ; KIETURY TN & EARL X AN 1 026
~1798 mg-kg ' (¥I{H 1325 mg-kg™") , WL N1 217
~2054 mg-kg ™' (¥I1H 1627 mg-kg™"); KIEHIF
Y TP % &AL X ] &y 202. 23 ~ 603.92 mg-kg ™'
(4918 333.43 mg-kg™'), W 348. 15 ~ 749. 85
mg-kg "' ($1H 529. 10 mg-kg™').

3.2 HEBEENIET EPC, A

Simak R EINHIFE 3 DI EMLE, 28 A
G ST A SEPR IR S5 k. X L R WR I A 3R
PR v JEFR S IR B35 S 2 EPC, {H. AR
T AR PR TS ST I DT Y EPC, I
4. WK BOKIE 2 A, K3 EPC, {E KT8 4.
i H, A v YEL Y EPC, (RN E i,
KRR, R UTRY) S - K w5 e ol

32 25T R R SR W
SR L I S IEIE T IBIETEAN R 2= EPC,
2 A B E 25T (P <0.01); AFY
K35 VR R 22 8] EPC, (MW7 E B 22
(P <0.01).
x4 FEESBERTHYE EPC)/mg-L~!
Table 4 EPC, in ponds and ditches under

ambient background/mg- L~

Bap = X% L ES
KYE 1 0.048 0. 026 0.051
IKIE 2 0.117 0.058 0.142
K 3 0. 040 0. 020 0. 095
Kk 4 0.024 0.012 0.072
K& 5 0.053 0. 026 0. 068
WE1 0. 062 0. 039 0.078
W2 0.058 0. 036 0. 082
W3 0. 125 0. 069 0,456

=) B

RAEERARE, 221 3t B EPC, 1T LA
gy S A A A ) R PR 2 5 TR AT AT
UEIWIE: SRCTIS WY ST
HRAB B 1) EPGY 22 (1735 14T EPCAR gL,
T LS AL S RO 175 AT AL 0 -
e ) I SRR AR L T A B KL
FYBAE O B e i o R 3¢ i o T 7 0
UL LRI 5 K B G A 25 1 B 5. 96% ~
12.09%, ¥I{E ] 7. 57% ; 318 B ) Eb A8 28 Ak T
H3.58% ~5.03%, Y(H J 4. 47 % . R4S RAEEE
5T PR Griffiths 252 AR 45 LA
3.3 SMEBRSEARINIEIE T EPC, {5

NIRRT T 3 UCRREAR B 17 SRR
EPC, {HAS (L5 10 LI 2. S FR 575 SIS IE —FE, 41
RS I Y T A KRG 5 EPC, (BRI N
H R TR T LA (0 Bk v e
BBk &K HE EPC, (HA /N B — Bk,
BIKIE2 > K33 > K1 >K3ES >KIE4, BEZE
HEF RS A AR, BIZKIE 3 > K 2 > k8 1 > K34
> K 5. VU2 BPC, {1 1 75 15 75 A A X 5 S T
3ANEATH EPC, [EARER IR I 3 > W 1>
2.

GBS (R 4) , SMIRBR TS I B
TR T 8 AMASETURW EPC, {5 % 4 T ARIRIE &
7Sk, Hod ok 1 K 3 AR 1 Y EPC, A H
BT HEK W 2 (9 B EPC, WA A N, T
fib3 9% EPC, B0 1 B T AR W] B 1 F . i EPC,
(IFRBEE A5 3 X, EPC, (1 M 20k % LB A
RO REVERR A, T EPC, {134 T 25 bk 25 B B ik
AT REVEGURAN. 7T LA ), SR D 8 e v
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Fig. 2 EPC, values of sediments after the addition of exogenous carbon or nitrogen
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F i, AR IE T _F K Pl 248 b 1 7 2 1

S T RIS T BRI R,

(EARAL T BT ARG 5 F LA 9 B A8 A5 Xt
K3 VI EPC, 1) F, S BUEILE 6.
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Table 5 The Fyp parameters of water quality indexes for different EPC, values in ponds

ES TP SRP TN NH, -N NO; -N CoD pH T

W 5 EPC, 1.19 1.48 0.37 0.34 0.34 1.40 0.19 1.14
AN EPC,, 1.38 1.30 0.90 0.57 0.57 1.63 0.34 1. 64
I EPC, 1.44 1.33 0. 64 0.75 0.76 1. 16 0.39 1.73

F 6 MBRYMELIERITAYE EPC, M Fyp SHE

Table 6 The F\;, parameters of physicochemical indexes for sediments with different EPC, values in ponds and ditches

=

2551 kS TP Ex-P Fe/Al-P TN NH; -N NO; -N oM pH
WY 5 EPC, 1.19 1.17 1.17 1.17 0.06 1. 66 1.06 0.39
JKIE BRI EPC, 0.75 0.98 1.11 0.55 0. 65 1.55 0.97 0.78
AN EPC, 0. 68 0.72 0.94 0. 69 0.70 1.46 1.17 0. 68
FEEH 5t EPC, 0.94 0.94 1.06 0.96 1.25 1.19 0. 94 0.56
W BRESIN EPC, 0.83 0. 84 0. 84 0.98 1.57 1.20 0. 87 0.53
AN EPC, 0.83 0.82 0. 86 0. 89 1.74 1.05 0.82 0.55

TR TEABET S FKSEIR Y BAL e AR B
pH FINH," -NZ} AR SR AR R I T B2 R
JENO; -N(Fyp > 1.5)  HA S D HEbRny 2 B AR
ZERK; MAEIE VIR BLAL RS b b, Bk pH 41, H

flFE #5252 B0 a4k L, Hop Fe/ALP,

NH, -NAINO,; -Nf B A X 40 5. S35 51
TEAHLE , B IBRAE T T 7K 3 R84 0 Z A8 hn B0 H
FRE R, Ak I H U Fe/Al-P FINO; -N2H
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