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Efficacy of Phoslock® on the Reduction of Sediment Phosphorus Release in

West Lake, Hangzhou, China

ZHU Guang-wei', LI Jing'*, ZHU Meng-yuan' , GONG Zhi-jun', XU Hai', YANG Gui-jun’®, ZHANG Yun-lin',
QIN Bo-giang'

(1. State Key Laboratory of Lake Environment and Science, Nanjing Institute of Geography and Limnology, Chinese Academy of
Sciences, Nanjing 210008, China; 2. College of Environmental and Civil Engineering, Jiangnan University, Wuxi 214122, China)
Abstract; Famous as the world cultural heritage, West Lake in Hangzhou city has plenty of soft sediments with high organic matter
content. To search the countermeasures for internal phosphorus release reduction from the sediment, the sediment core incubation was
conducted to understand the efficacy of Phoslock® on internal phosphorus release in spring, summer and winter, respectively. The
results showed that the internal phosphorus release fluxes in winter and spring were relatively low, with averaged values in the entire
lake of 0. 13 mg-(m*+d) ™" and 0.29 mg-(m*-d) =", respectively, while the release flux was 3.29 mg+(m*+d) =" in summer, more

than ten times higher than those in spring and winter. It was estimated that 23. 7 kg of phosphorus could be released from sediment in

the entire lake every day in summer. Spatially, the phosphorus release flux was related to organic matter contents in sediments, but not

2
E}

the phosphorus or bioavailable phosphorus contents in sediments in West Lake. With Phoslock® added at the rate of 630 g-m~
sediment phosphorus release was successfully controlled, which reduced the phosphorus concentration in the lake water to less than
0.010 mg-L"~". Especially during summer time, the sediment phosphorus release was reduced by 98% after Phoslock® application.
The research suggested that Phoslock® is powerful for phosphorus control even for sediments with high organic matter content, which
could be considered in ecological restoration of WEst Lake.

Key words: West Lake ;sediment ; phosphorus ; internal loading ; Phoslock®
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Fig. 1 Description of the sampling sites at West Lake
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BB 5 AR T 1 S50 = Y, BB RT .
ANVt B K £ B AU 55.4 em®, KR R4 30
em U 7K B9 BAARFRZ1 660 mL. | 3 5 2R AL A
— ELDRFRRE I 28 B ARS8 R B B 7K 30 mL
FHF B2 395 P i 0 5, () sl a2 /K A Y DO, T
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BB XU 2R (B ) KR BRE R A IR 7
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. BB SO B R T KOE A
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1 e 3] — )2 WY R g 2.

BRI 24 /NSRS, 200 F 1, 2,35,
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B 1] 25 £k ) il 2R 006, AR 4l Ak R A b K AR
JerE KRR, PR HOE R mg- (m?-d) 711,
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JKBERY TP I R FH I BRI B A . 4R BTt (0
P66 (P 700 nm) . XF T DRP &2, S H
0.45 pm JEREEE RIS, ASTH M, B4 FH AR BT 0 (20
FE. Chl 5 R A BRI, s eREskmE .

JEVRSCHEAT A TR T . WEES I, R BB IR
£ 180°C TR A L IE M E G HLE (OM) &, SR
W7 2R AR KBS B TR AE A 50 mL 25 257K rh
RA SR I ok i R B0 AR TR TR A, 5540 o ot
PEINSE (WK 210 nm). £ IE A8 A9 I 2 K H SMT
HELEARE UL " 4 3R AT SR A k4R
(NaOH-P) | b4 B (HCL-P) | TCHLBE(IP) . A
HL#E (OP) LU B8 (TP) , Hiv NaOH-P 7] LU F
ARV P 5 PR A R

2 HRE5H

2.1 VEIE TR SR
BRFEERIZE 15 om JEIRIA VLT K45 TE A5
SEINE 1L

®1 AHREEREEESHEE

Table 1  Contents of organic matter, nutrients and phosphor forms in sediments from West Lake

e ez FIKER oM TN TP NaOH-P HCI-P P oP
o /em /% /g-kg'l /mg-kg_] /mg-kg_] /mg-kg_] /mg-kg'] /mg-kg'l /mg'kg_l
/INEE ] 0-~2 77 79.9 5063 1 800 462 477 1148 374
/INEE ] 2-~5 71 79.3 4685 1842 551 480 1262 337
7INEE 5~10 68 71.7 3877 1463 354 593 1154 191
7INEE 10 ~15 62 89.0 3966 835 89 506 624 139
Ee 0~2 75 66.6 4286 1265 355 244 744 409
FRI 2-~5 66 63.2 3926 1143 334 261 687 338
PRI 5~10 58 62.6 3730 1022 302 260 657 290
PRI 10 ~15 50 55.3 2864 851 290 216 606 192
74 EL i8] 0-~2 84 186. 1 7 806 1197 226 347 644 404
7 5L 2~5 80 192.5 7 887 955 159 312 503 358
TR 5~10 80 205. 4 7 486 773 122 237 402 290
Y LI 10 ~15 82 239.3 7098 680 73 267 358 281
LRI 0~2 88 159.5 7572 877 138 336 512 320
LRI 2-~5 84 161.7 7343 835 139 316 478 309
LRI 5~10 83 169.5 6827 742 102 316 453 275
VNG 10 ~15 82 200.9 7 246 715 67 356 452 259
AR 0-~2 77 93.6 4919 624 51 407 462 157
LGS 2-~5 74 96. 6 4572 612 44 400 452 151
AR 5~10 71 9.5 4280 622 30 424 454 132
Hhi 10 ~15 71 97.2 4321 593 34 415 474 126
LiNGiEl 0-~2 71 72.2 3556 445 46 237 297 124
LiNGiEl 2-~5 67 75.5 3746 413 45 228 284 118
LiNGiEl 5~10 65 77.8 3593 397 37 220 266 113
AL 10 ~15 63 81.4 3675 382 45 213 274 105
JEHL 0~2 85 137.7 6023 547 82 151 259 258
b 2~5 82 141.4 6420 525 83 155 265 258
Jb B 5~10 80 139.7 6179 473 73 127 214 233
At 5 i 10 ~15 78 151.5 5991 435 74 158 217 199
RS 0~2 62 44.0 2949 834 128 500 648 135
1T 1) 2-~5 55 39.9 2527 769 89 502 632 107
1T 1) 5~10 49 41.0 2577 741 91 504 611 100
R 10 ~15 38 28.5 1942 726 68 567 650 68
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AN LT I X5 A e VR AN IR AT
X% AL EITE 1999 ~ 2002 4F (Y8 sk A B
®. SARRTTHNA L, VIR 0 B A A R P
HIME 14 960 mg-kg ™, H i BK 0 IGF > 75 HLA |
S AL R S hEE T, PSR AN
A6, EW, S BT S R AR R A — B, X 5 22T
HEPHE LR —E

PUMAE IR TP 5 f 25 ) 22 A . gk il i
SN 2RI 8 L R I T2 I N S
WAL JEHL . X 8 AN SR 15 em FIMHE
435141 4851070, 901, 792, 613, 409, 495 . 767
mg-kg ™ BER S ECROL S AP A S REARBURA
—H, M/ VR 28 GRS 52 51 K5 K
DX 38 5 v, T S 5 K R e fg AL B . AL
A A XA, 3 5 R A BT AR A LTS
Y E 1) b DX RS G E A AR TN — 3K

VU U BT 2 LA TCHLEE N 3 . A Je kY
TP SEHI A 697 mg-kg ™', Hirp IP SE 2 { A 460

mg-kg ™', OP SEY(E A 193 mg-kg ™", A B TCHLEEAY
—fe. XU R AE A LR B S < F K7
B2 A R EZRUITHLS A . PR TR+
Sy RIS TE NaOH-P 1 SASEX(E 4 110 mg-kg ™',
H Y 16% , Hih )2 0 ~2 cm R H' NaOH-P
SERIME R 186 mg-kg ™", H i BRI IT A /N i
PO VO ANEIRE . L AU S
ANEIAL 5 A R A R DU A — 2K

3 YR 5 P W 0 K BOIR Gl 25 2. 1 A 0 A
FE KRR 19, 7°C , B HKIE 29. 8°C , 4
- H7K I 8. 8°C , AKIR A 1 AR A hr. A
[ R KRR A O, (A2 7 B 2R
b HLI | R G2 T i SE AR RN AR T 80% , HH 3
TR, pH FEARLERES B, b B 2 A 2
AU X A LA A pH BB T 9, Sies s
TG, RBCESRA YRR Chl 5 b 2 B B 1Y
AL FE RN 8.6 pg- L', HFE N 17.8
peg L7 MAZER 6.0 wg-L~". HeH 2SN AL B
W], 35223 A X ) Chl SES4{E R 28.0 g L7,
XF I A S RS HE E (T R 61, 2 B 8 1Y
EEFRN. . 2 AP ECFHMES N 239,
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JEA O, 15 YL R B2 v I DX 7K AR 3 e 25 2 RN X

®2 BEHEBEAKRHEFTEL
Table 2 Seasonal variations of water quality in overlying water of West Lake
Fty S T‘ pH DO ‘EC | TP N SRP,] TN N SD Chl L

/C /% /S-cm /mg-L /mg-L /mg-L /em /pg-L
& XH1 18.6 7.03 79 230 0.025 0.010 3.742 190 1.7
* XH3 19.0 7.39 112 232 0. 026 0.003 3.334 170 4.0
H XH4 19.9 7.80 105 225 0.019 0. 002 3.012 160 4.6
& XH5 18.8 7.65 96 245 0.023 0. 002 3.079 110 10.3
g XH6 18.8 8.63 106 248 0. 020 0. 002 2.828 80 17.6
* XH7 19.0 8.09 102 246 0.024 0.003 2.829 95 14.2
* XHS8 19.7 7.80 102 253 0.038 0. 003 2. 609 85 11.5
* XH9 20.0 8.15 98 230 0.019 0. 003 2.898 140 4.8
-l XH1 25.3 7.82 91 185 0. 059 0. 005 4.879 130 2.5
"2 XH3 28.1 7.96 98 219 0. 047 0. 003 4.538 90 12.7
"2 XH4 30.4 8.13 105 183 0. 036 0. 003 4.325 110 9.1
"2 XH5 29.7 9.15 103 170 0.032 0. 002 4.213 65 20.4
=} XH6 30.0 9.31 98 170 0. 029 0. 004 3.796 50 36.2
=} XH7 30.0 9.61 119 170 0. 030 0.015 3.674 45 29.2
" XH8 30.5 9.35 107 166 0. 049 0. 005 3.257 50 26.0
"2 XH9 30.9 7.86 83 182 0.031 0. 009 3.003 100 6.5
ES XH1 9.6 8.40 99 233 0. 044 0. 005 2.714 215 1.0
ES XH3 9.5 8.96 102 248 0.032 0. 004 2.828 200 3.3
% XH4 8.7 8.87 100 249 0. 020 0. 003 2.628 200 3.6
% XH5 8.7 8.82 93 240 0. 030 0. 002 2.133 140 5.6
% XH6 8.4 8.88 92 239 0.023 0. 002 1. 969 100 9.0
ES XH7 8.4 8.92 90 237 0.020 0. 002 1.851 112 7.1
£ XH8 8.5 8.93 94 236 0.034 0. 002 1.941 100 12.5
% XH9 8.7 8.91 102 248 0. 028 0. 002 2.616 160 5.6




4 3 AR BTN N P T IR P R A B S8R 1455

I8k, R

FRME AR TR RS2 Y A5 . W R B
WA Y By B 2 AR EE )
H3.04,3.96, 2.34 mg-L-' AT H R HE
TGP, 5UKAM X AR S R E S T HARX
W, e 5 K TR A B 56 P I R B A K, X S
ST N 2012 ~ 2013 XiF AN G g 8 A5 43 B i 4%
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0.029 mg-L™", EE & INA KRR 50% , 2B
1 PR AN
2.2 WER IR REHGHE
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ZAI 10 f5LL F. NG 2 KA IR G, B2
B A TR e B e ) SR B R R T BRI
ZEF AN Z K AT B 5 P4 1RSI = A L R Y
“FF IR RRIEA G

AN AT 14 25 525, A [0 DX IR e il 1 B8 ik
W 2E AR K. R 8 AN AL Y Bl B e AR AR
()HRA 0.54 mg (m®-d) =1, A7 F/INRE W 5 5 e 174 D)
1K 6.06 mg+ (m?-d) ' K B EH, ZF A 2=k 10
f. B2 SRR B = AR 4 XH9 > XH4 >
XH5 > XH6 > XH7 > XHS8 > XH3 > XHI.
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Fig. 2 Phosphorus release flux at different sites

in different seasons
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Bt 2% 38 &

WD, ZEAS N T BER 2 Jm I i i R oE A
A3 AR . B P34 ik i pl 3. 29 mg+ (m*-d) ™
FEHIAE 0.08 mg- (m*-d) =" PAF, #5611k 5] 908% |
Pl R A i Y LA R AR, SO B 2 R
JKAK DRP BEAAS H 5 78R IO B2 BRI 4 2, Wl
(- 2 B¢ Jic B i 0.29 mg- (m*-d) T [ E] 0. 07
mg-(mz'd) TP R ALK 76%  FE R B A
(A2 SN T BB 3R 2 5, 1 340 1l B i o L P
0.13 mg-(m’-d) "' FEF] 0.05 mg-(m’-d) ™", il
BAIK 62% . WHELEVL, S& LF 3 A Z 1T B
P2 Jm, ¥ Re K BE A RS 0E B AR 0. 10
mg+(m’-d) "LAF.

3 it

3.1 PYIICIRBERY P IR R

U PG T 7K A il 5 Bt AE 30 4R I R BTG 3
T, 2GS TR SRR EE I 0 T R
P 1979 ~ 1980 4, 4N TP 24 0. 165 mg-L~",
b, A BT, VE R, & WP BE A 0,150
mg-L " 1981 45 2 & A oK 1R 1a], A1
TP & EE 255 0. 261 mg-L~"2) [F]mf 1981 4F 2
H T 4 o 3 0TS KA I STt kT 7 —
ZYN IG5 25,1985 ~ 1986 4EJH AT IF, A . b B
WLVE OB T Y R BT A B O 0. 122
mg-L7" 1986 4F 9 H 4R I T 51 K T8 52 i =2
J5,1988 ~ 1989 4 i 2% /R 4 ) TP F ¥ {H N
0.131 mg-L™", HrF 44 0. 134 mg-L~'"*' ;1999

A TEII KR TP S8 AR 0. 123 mg-L7'P) X%
e 3 5 | K X 7K A 5 G s i 4 A BR 52003 4R 7
KRS B IR TR St =2 I, K MR Bl & R A
0.087 mg-T. ™" 33 S5z ke i VG 180 S U8 P IR 35 e X
IR & AR R AR A, S Pei 2 Y
KB AN R 518 — 22006 ~ 2007 4§ 2 )
M 0.087 mg- L™ Z R gk WAL SRS ek &
#£,2007 ~2010 FHMEIAE LA FEW XA TP & &
HETE 0.05 ~0.08 mg-L™" 2 8] #% 1k % 2013
A ANHISE B M 0. 046 mg- L' 1 A AF 5%
b & B E 2 PG K M TP S 3 {E S 0.039
mg-L ™", HA /R A 2] 0. 059 mg-L ™", Jb Bk
#]0.049 mg- L~ {54 F & E SR K. MR EE
TR AABEE AR Ak 1) 77 52 7, PR R [ R A7 2 B 1 7 A
B L2 BRI DG

ARBIF ST P 1P R B R T R (A SR SR S
FARIEA BT 225 (0 R —B0, AR S HE 1995
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75 14 AR AR 30T 5 X P 2 20 %ot I L 0 2 1 P
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Table 3 Estimation of phosphorus internal loading from sediments in West Lake

YA XHI1 XH3 XH4 XH5 XH6 XH7 XH8 XH9
RF R km? 0.20 0.33 0.78 0.90 2.23 1.33 0.35 0.11
HEHE/mg- (m?+d) 7! 0.24 0.42 0.33 0.26 0.17 0.21 0.12 0.56
FHma/kg-d ! 0.0480 0.1386 0.2574 0.2340 0.379 1 0.2793 0.0420 0.0616
HZHE/mg- (m*+d) ™! 0.54 0.73 5.45 4.14 4.11 3.77 1.50 6.06
B/ /kg-d ™! 0.1080 0.2409 4.2510 3.7260 9.1653 5.0141 0.5250 0. 666 6
A ZH A /mg- (m?+d) 7! 0.13 0.13 0.11 0.21 0.10 0.10 0.12 0.13
KB/ kgd ! 0.0260 0.0429 0.0858 0.1890 0.2230 0.1330 0.0420 0.0143
AR 7/ kg 21.06 51.39 445.92 402. 62 932. 65 524.38 59.77 73. 89
WA /L 2.51

T 3 T AR AR S IR 25 SR SR, H RPE i
EAMIBE N IE A R 0E 2,51 & X—45 R 5%
HRARTE 1995 4F V5 i i e 5 V2 B A 38 1% 7. 22 ¢ 4H
FE™ PR T 65% . (HJE X — B g o, an i
FRBRVEWI K1 4295 m® B, 2,51 ¢ ORI
SECEBK TP RN 0. 176 mg-L™'. F &

) HATPTHI H 517K 40 7 m® | 4E517K 14600 J5 m’ #
MRBE 33—k B RONE AT RE IR 5 | K T RAEARG , {EL XK Ak g
A0 0 38 k475 BT 3K 0.016 mg-L~'. Bt 4k, 4% Jin
SEOVFE 2012 ~ 2013 4F F) 25 26 W, 45 4F 75 I8 £ 41
TN 8. 2 1, IR AT 7. 1 o, Wi B i
J11 o WA 2. 51 ¢ A TR G e A AR .
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