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Biozeolite thin-layer capping for reducing the phosphorus load in eutrophic water body
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Abstract: The feasibility of reducing phosphorus load in eutrophic water body using biozeolite thin-layer capping was examined
through a field incubation experiment in Ancient Canal in Yangzhou, Jiangsu Province, China. The reduction efficiency of different
phosphorus in overlying water, interstitial water and sediments was estimated. The mechanisms of different phosphorus transporta-
tion and transformation in remediation process of sediment using biozeolite thin-layer capping were discussed. The results showed
that the reduction efficiency of total phosphorus and orthophosphate in overlying water by biozeolite thin-layer capping of dose rate
of 2 kg/m?( the thick of 2 mm) were 57.41% and 60.03% , respectively. The orthophosphate reduction efficiency in interstitial wa-
ter from sediments was 59.80% . The reduction efficiencies of total phosphorus, inorganic phosphorus and organic phosphorus in
surface sediments (0-20 cm) were 11.28% , 11.82% and 11.11% , respectively. Unsteady inorganic phosphorus (e.g. dissolved
phosphorus, iron bound phosphorus, aluminium bound phosphorus) and relatively steady inorganic phosphorus (e.g. calcium
bound phosphorus) were converted into very steady inorganic phosphorus (e.g. residual phosphorus) using biozeolite thin-layer
capping, indicating that biozeolite thin-layer capping could not only reduce phosphorus load in liquid, but also convert unsteady in-
organic phosphorus into very steady inorganic phosphorus. Therefore, biozeolite thin-layer capping can reduce phosphorus load in
eutrophic water body efficiently, and phosphorus load reduction in eutrophic water body using biozeolite thin-layer capping is feasi-
ble. However, it is urgent to understand the mechanisms of different inorganic phosphorus transportation and transformation in re-

mediation process of sediment using biozeolite thin-layer capping.

« [EGOKRTS Y] SR R T R % 50 ( 20092X07317-007-1-2) | [H 5% HARBI A 240 H (51408243) AR H AR
B R 45 H (2015J01213) FIAEGF K RIFEL 435 H (14BS216) WA L. 2015 — 04 — 15 Yk ;2015 — 10 — 26 Uk
. B (1981~) , 5B 1+ ,iﬂ‘uﬂi;E—mail:zhenming@ hqu.edu.cn.

wx BIHEVERE ; E-mail ; huangtinglin@ xauat.edu.cn.

RMEAk 2 0004.0891AF % 2016-4 5 WEE k3= B ST 185%260( mm) 45 5 44 17 2016/06/06



RS AW B R A NG B IR f AT 727
Keywords: Sediment; capping; phosphorus; biozeolite; eutrophic water body; Yangzhou Ancient Canal

KA B TR 2 A K S B T I 1) o S R 2 —. B T I Tl A R vl f i & i, KA
BB T . FMBEE R R B IR0 2R N 1, Pl 3t DA Ry S SC R BRI [H 7, 22l AR MR 5
TRl HE R MR IR B IR RV AR EURB 9 I A0 IR U8 ZUBE R O /K (A AUl 3 2ok
PR PR RN Ve R AR IR A 2800 TR K P 8 R . IR D8 A7 e T 2 4 T N 2 2 B T 44
JIFFERRSE AR EI S Z R R TR s AR A S A R R B AR R sk
(i) 1 RIR DA et A7 " SRR BREEAL A (Z2G 1 il phoslock© ) 45 SCSERF 58 K £ J2 8 Y BF
F, H AR B XS B K A AR B AL 5T, X6 I Y0 A0 1) B 7 A [ T2 285l 11 s 8 23 ) B 47 DAz 5
BT b UL AIE.

EFE A PTERLL A B TG YRV SRR S AR (A ) | S A S A B
JEAE S BB A BOm A TARRE I 0 S5 SRS A Wy A 2 S DL RE AT 80 Dol /K A LA o EL
LT e Y UG RN R A A 1 S B A W B U RE ) SR A A T B SR A A
BT LA ) A B AR ORI DI RE , B AT 28 42 il KA T 8 TR A, AR SCRAAZ N ol i 0 3 385 R ARk 1R
WX, 8 3k 3037 L B SR TS T A s A 9 )2 8 8 1) D 5 R A K A By T A, 25 8 A s 4
X DR AR B (TP) MIEBERRER (POY -P) HIBACR IR BUK H POY -P ISR LK X I DA [F]
TEASBERISRCR , 18 A= 9 £ 51 32 BB A4 FH L. BIF 545 SR T Sy A s A v )2 2t PR K A
B E IR SR L BRI R AR S

URZES ISP

1.1 TWiHREE

7 Bl LB g A s T IR X =35 B (| 1), 8
T4 M B A AZ T e iy 2 ) — B, ol i@ i X B [
NS B , 4K 24 30 km, 98 24 m, K 3~5 m. HFT, &
BN T IX B O 228 k5@ A, I T AR = 2Rt i BT o
B ) K AR T B G218, e T # 1E (RN B0hE R G8 W 5 1 K 3 oy i
AR BRI B g™, it R R, RS
PRI A IE TS K Tl el TS G

A7 I ) S e e o R MRS B K 6 m, B4R 1000 mm,
MRHEAER A (U-PVC) |, S BJE BUBE Il SU4, 45 EAR T
XLREERE P BES TR | AN EESEBEHES ) AT BRTE rh a2 4544
MM . PR RRE T R e . 38 1 oK YRR T R R AT
TR RS RS B B E R R PR T U, Mk B E
B, SR P 7 R e R RS, (0 LA R A A ISR, SRR
HORKE K AL 0.5 m, HA MK B DI ha. BU37 I RS2 06 585 48
RHETRATIR 2.5 m 247, B _LEKER 2.0 m 47, LHEKE
A2 1.57 m®; BIRGSC o0 347 2 OSBRI AR S (o B 1 Nl s T 8L il S 30 7
5 2PN A A B T R G (A A B TR 2 kg/m2 ,7%  Fig.1 Location of the field for enclosure
LJEEFZ) M 2 mm). experiment in Yangzhou Ancient Canal
1.2 SLIEHR

ST AT YA A v PN 52 S R YRR AT, 200 X BHER AT ST (XRD ) AR, H 32 52 A A
BB PR R IE KA R, Sk R L € B2 1~2 mm, lER TN 42.51 m*/g, FLER
47 36.55% , FHIFLIE R 6.75 nm, HEFRBE B H 1.01 g/em®, ELSCBBE R 2.29 o/em’. it X HIERFEIEGHEY
(XRF) W2 i A0 0 B 5220 2 R4 M . Si 73.98% ; Al 8.99% ;Ca 5.07% ;K 4.68% ;Fe 3.11% ;Na 2.13% ;
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Mg 1.51% ;35754 Mn . Ti . Zn Cu Ni Co.Sr.Zr Rb ZH EMEILE , &1 0.53% ;Si/Al=8.23.

SIS RN« (1) DTS RIS TR R 43S O R AR, AR DRI ARAT 4 PR AR
Hoh 2 MR SR SR AL AN T (39 R 2R B R, Bacillus sp.) F 2 bk & &0 B AL B (2 A R ST B R
Acinetobacter sp.) ,4 FR B ) A R AR AL RRAE TR W22 SCiik 11,13 ] ;(2) T 4 Bk e S0 W BR AR IR L TR A
il 2 VR A RV, TRF IR A R V5 K B 1) oy 3 3 JEK A2 IR 1 O R B L TR A i A TR A5 (3) W AR A 2 B 7
REWT RS WA THA)Z S em 247, 8 #E L2 HEERBL & AW A, & B IR G
DO >1 mg/L. EARTEA T2t B S5 S0k 11,13].

A7 I B LB e S, SEe R g L KoK BTUNgE 1 R, B HEAT 90 35 BB B, AR i 380 g ket
VP B RE B AR R, PR Lt Jli v JR 2R G A 0 e A 2 R B K AT S 25 5

# 1 Mt A KK R

Tab.1 Water quality of overlying water in experimental systems

) COD.,/ NH:-N/  NO;-N/ NO3;-N/ P03 -P/

SR EL: oH fif o TN/ i 3 3 TP/ 3
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/T) (mg/L)

X R 7.41 39.6 5.31 4.23 0.039 0.18 0.17 0.10
=L/ v 7.47 41.2 5.42 4.05 0.059 0.21 0.14 0.085
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B I AT, S TSR A AT R B 2% B ORI Ve 0 i A FE S B & | ME N SER R G le oA
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A 5 B) PG, ML LR RN, s KA 20K, 55 78 d, Bl Bl b S5 R S ol 5, B se b R g b
BOK S E K RIEAT H AR, 25 79 d — B, A s ik An R e, PRI, AR SCE2 8 R 48 K TP Al POY -P
W F] 73 d FRESH AR T 25 A Wl A8 S AR R RS e R OR TR B A S AR AL, B0 B R S 56 R S 4k 5

B LTESS 121 d B, S RGBS HER VR HEA T 2B

SN A 2 d E RS K I 0.5 em KIRAL /KR 5 f#4E (DO) Al pH 18 ; & 6 ~7 d BUKERIE TP
I POY-P M, A UEL 500 ml KR, I K i B 32 ) i — 52 82 JRUK I 28 58 v (90 T s 2 SR JE I 20 B 4
PR PR RRE . S2EG TR 121 d, NSEEG R G R BUH B RV HEAT 4007, o8 T sk S e A R sl %t R 46
M H 2 A IS ST, NS EAR 3.5 em, AMEHAR 4.5 em, S BEIEE 3 mm , BCJRIN ] I04 2 4R
AYIBE R IH AR A, 2R5 R BBk, IVME A RGP, T I 00AR i 284 PRI R
Hisk SRR AITI A 733 0~3 3~6 .6~10.10~20 .20~ 50 cm JEEEFEIRREYT T 3, 3043 is U 18 i B 0
ARAF BRI, AR K R T 2 R B ECHE 1] B KRR B T A% 5 W2 TP A0 POY -P YR BE ; 3 43 IR e XL T iR
4l 1t 100 B e e 5 R AT s I I T8 FR 0 TP TCALBE(1P) A HLBE(OrP) AT EMERE (DP) R4S & A0
(Al-P) BREEGARTE (Fe-P) A5455 8B (Ca-P) AEBE(RP) . KEERUE IR ST 4% 3 A PATHE, K15
B BEANE Ay B R A5 T b B
1.4 T E MR &
L4 B a Ak Ae a2 ik EEH WLSR A XRD 4381 (H2E Bruker-AXS A 7], #15 D8 Advance,
XRD) ; EEICHE ISR XRF 2047 (& E /A 7], 55 RL Thermo EDXRF Quant’s, XRF) ; b 3 1w £L%
£ 55, BET 352 ( DL AR (b)) A FRA ], RIS 3H-2000PS2, S 78 ik | He e i B e FL 25 H Il -
) s FLERZRFNFLAR 4370 SR BIH ik (Pl i FLAE TR ) o (I e A 42 A A7 T K e 5 m] L R AR ) 5 L5
LR He B3, 70 HL2S 25 i W [0 B H il 22
1.4.2 AKRAE X H AR 7 % KRR DO i B SR R4 200 e 420 30 58 (HACH, 25 HQ30d) ; pH {EL
SRS pH HHE (R SR AU A FRA ], RS PHB-4) ; B (TN) W R Fad B BR A1 2 Ak - 2641
A3 EIEEETEME , S (NH,-N) MR B SR F AN BRI B i |, AS S 20 (NOS-N) YR BRI N-(1-333%) -4
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DP+Al-P+Fe-P+Ca-P+RP ; A SCAT HLBE 1 Sl 5 TEHLBE 2 2.
1.5 #iEAE

BRI A [RIE A # IR P4 BRA (1) 115

b (Cyo = Cxeo) = (Co = Coy)
Crei = Creo

I, Coo T Co AR RIS ¢ YR BURE B A 4k 6 78 56 B 45 L /K SRS U HP R IRV B S Bl vk B (mg/ L 5%
mg/kg) 5 Cyoo Tl Cyo, ST H ARG FER & YR IBURE B 36 R 2R 6 1 2K aRJKE 8 v AR [l A5 vk I (/1L 3K mg/
kg) 3i AIURETREL.

KT 253 M = 0 4 7 i 3R 645 % R R 0 22 ) ekl 5 e M SR 1 2 5
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2.1 Hlgl LBk ik hB s TR

P FI S BB AT R rp % B R S A A i 7 26 R AP K AR RS BN 17.3~30.3°C, R4 ki
ARARAER, SEIE E FH R S K IRTH R, ARV R B R IR R G AR 6 5 R G DO W E
AEALTEE R 0.32~6.46 mg/L, AW 35 R G0 DO WREEBMACKRF = TS RS0, KK DO HREEART 2 mg/L,
JEC Y P B R T 3 W S A o B R G A A W4 T B R G pH (EASEIE TR 7.20 ~ 8,12, X HE R 4t
Sy as s 2% pH [HEERAR (K 2).

BEREIRIEN 2 keg/m? AW A A1 25 (JRE L0 2 mm) W) F A KT TP BHIEER N 43.92% ~71.07% |
SEXIE R 57.41% ;%) KT PO -P BIHIEER Ty 42.29% ~85.70% , “F-YI{H K 60.03% (18 3) ; B8 A= Hrith 47

6 BRI DT A A R g £ A ) A e T 2 R O R AR AR B T T AT Y.

2.2 Bl e iV 81 B ok ek Sa T B

SR I 121 d, % BERD A= My ik 40 B 3 R SR )2 (0~ 10 em) IR IR RIBR/K Y PO -P e & R B 20 /)s (3
2) , BRI 1 B K AR R A 3G i AR DO ¥R EE A E 3R 2 IR JE AR B R (18 2) , BB JR fE] Bt K = PO -P i
BN LKA RS I K U s S BRSO L, AR Wi 4 26 R BRI R BK PO -P YR EEAR A
— TR A B AIR , 150 B A i A 7 X RS G ) B KA — 7 B R, U 51, 85% ~79.05% , ~F-¥{E
59.80%.

x 100% (D

—— 4 IR GEDO(mg/L) —a— A=A Ff1 ZLEDO(mg/L) —o— X IR GipHIE —m— L4 f1 R GEpHIE —e—Ikiit

9r 135
8 30
! 25
=6 X
) =
= 5 20 E15
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0 4 8 12 16 20 24 28 32 36 43 52 66 83 92 98 104 110 121
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Fig.2 Changes of water temperature, dissolved oxygen concentration and pH of overlying water in two systems

2.3 HIlm e B L far e
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Fig.3 Changes of TP and PO} -P concentrations of overlying water in two systems

KB, S BEAE L ARk G T TS R R R
JZ(0~20 cm) JEEJE TP HIVEHH 7.64% ~13.49% ,
S R 11.28% ; X IP Wil 98 % K 9. 24% ~

Tab.2 Vertical changes of PO} -P concentrations in

interstitial water from two systems

IR, SEBHG S:BJF POY P/ (mg/LL) 13.99% , - ¥4 {ti Jy 11.82% ; %F OcP Hij i %y
em  POY-P/(mg/L) g PG 6.91%~14.81% E A 11.11% , BEHI 2L ¥ il
0~3 1.3240.06 0.77+0.04 0332002 VB IR IRHE SR AT — 2 MR
3~6 1.45+0.05 0.66+0.03 0.29+0.01 WM RBGERE (0~20 em) KT T D-P AL-P
6~10 1.45+0.05 1.05+0.04 0.22+0.01 Hl Ca-P 3w S AR AT AN R B2 BE I /0 (36 3) 1T
10~20  0.28+0.01 0.27+0.01 0.130.01 Fe-P RP i ] 45 A5 B A5 00> (L B fA A 46

20 ~ 50 0.21+0.01 0.51+0.02 0.23+0.01 j]ﬂ%d%“,%%%J‘Hﬁ@(ﬂﬁ/ﬂE/JZ:IEJ%?S%HL%
Z IR R 2, Rl i — P TR R T A

TR A TCHUBEEE LA, S5 X REAH LG 2R Wil A 2 75 RGN 3R)Z (0~20 em) JIKUE ! D-P Al-P Fe-P il Ca-P
SRR AT B 13.7% (15% (18.2% Fl 11.6% , T RP & it T 1 5447, Ul Bl AWl A 2 55 Rk IS v v
AFCE TS (D-P L AL-P F Fe-P) F AL R RS M TTCHLEE (RP) , R A3 53 1) H A B2 1Y Ca-P L5
AT AFE R RP, K, A ik 6 7 556 A TR R R A AR 2 Y LB ( DP  AL-P Fe-P 1 Ca-P) 1L R
FUEM TGOS (RP) 7 B TR Y 2.
2.4 HIE s AT E AR

1) WA X A D FR R T R RIF S I 4l e o T B R e /N 2 SR A T A
S A ST BB BE A BN | A R AR A5 DR ER R A W R 5 T L AR R IR SR SRR L 18
I P s A ol IR B R AN ). 0 s VR 5 v, ks A X 8 VAR A8 K W 0N R 22 KoV VAR P 9 s
SR, L BALAST J5 e A R R T REAE UL WA R AR )N | Xl R B (R AR AR RN, B B
BREBEAFTER. K, 7250080 AT, 5 DB AE N X GBI 45 1 T 2047 S50 BT, A 580 1 7 %
W ok 5 380 3y o A A I i B e R A, i 5 SR g .
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Tab.3 Vertical changes of different phosphorus contents in sediments from two systems

JRVEIRE/ cm

{75173 i 1] EX)
0~3 3~6 6~10 10~20 20~50
TP/ ( mg/kg) SR KRG 4330+420 4481+360 4481450 3690+424 4092+356
TS5 Xt HR 3794 +364 3825+298 3971+418 3872+380 3808+398
YA 3504+278 3305 +269 3546 £408 3362+340 3634+288
1P/ (mg/kg) SEEOH KRG 840+78 1047+98 1047+ 116 847+89 962+75
SR fE Xt R 840+68 833+76 905+ 102 879+ 89 828+ 106
LA 754+66 756+ 54 78046 756+98 828+80
OrP/(mg/kg)  SEIRHT KRG 3490 +320 3434+280 3434290 2843+296 2843+284
S G XT 2954+216 2992+ 186 3066+284 2993 +279 2980322
Y 2750128 2549+168 2766+270 2606+ 166 2806+264
DP/(mg/kg) ST KRG 9.61+0.88  9.95+1.02  9.95+0.78 8.97+0.81  10.94+0.68
S G oyl 6.43+0.45 8.44+9.58 7.94+0.74 8.36+0.89 8.04+0.92
Ay va) 5.56+0.50 5.93+0.62 6.03+0.46 8.36+0.52 7.70+0.84
Al-P/(mg/kg)  SEHNHT KRG 31126 423428 423+39 332438 388+42
SR xif iR 311£22 319+26 32336 343438 325+30
G/ ve) 305+28 29126 273+32 283+18 309+352
Fe-P/(mg/kg)  SLHHT KRG 296+28 382428 382442 287431 32129
TS5 Xt i 315+26 206+ 19 350+28 29125 27330
ZX7/R ¥l 238+23 250+ 18 286+32 252426 283+26
Ca-P/(mg/kg)  SEHOHT KRG 20118 206+ 14 206+30 191+22 213£17
S fE Xt i 188+18 186+ 14 192221 20728 192£17
e 17712 18324 18221 17020 20114
RP/(mg/kg) LB HELE 22+2 26+3 26+2 2943 30+2
IR Xt i 19+2 23+1 33+3 29+2 301
A 41+3 492 48+3 58+4 60+5

2) W B b NN Sctfittiofen Ca™ Mg 45 B85 7 S5 I YR BB PO 45 A4 I L 1 91 2 76
L AL RTR SR ARG AT YRS NHG-N R PO -P VI B 22 BR300 229 ,
WLELRS FACA PO -P I 4% B NHL-N SR i Ca™ Mg™ B T 15 PO} 45 & T LY
35k P 0 X AL DUAE 61 S 25 1 X B 1 0 S

3) AW A 78 1 BRI DR AR [ JCHLIE (D-P Fe-P 1 AL-P) 5840 Bk 2 19 TCHLIE ( Ca-P) 5 4k
R THLBE(RP) . K5I 5 AL A5 R T — B AR AR BRI AT B Ao e o 1
SAE LI RN ) A5 THURA % fb L A9 A 7 SE R )22 in 5 BF 5 4 W), 413 B0 e B B 5 it
P VB ATEE RS ) LA Ca-P s Yang %52 F5 4 1 6t e P ol £ 9 A5 S BD-P CRBTR S HBLILRA ) 6 o
NaOH-P (2 ML HATHEI0RE ) 0 RP. UL, 35 i U0 530 1 52 i R A LA AR WL AR 0 5 2
L LITIE S B SRR

3 &g

1) A= Wil 0 ) 6 R SR B 8 R A K AR fr e, B S R R 2 kg/m” MR A T 35 (R 2 2
mm) % EEK T TP B 57.41% %) FAK T POY -P 1y HII8 3 60.03% 5 % RS e M) B 7K v POS -P Ay 11
TN 59.80% ; X RIZNEVE(0~20 em) H TP HIWHF Ny 11.28% , % 1P HIBE A 11.82% ; X OrP HlW %A
L1.11% , I R A= i A 22 7 o B AR el i 85 SR Al Rk AR fr fmr S T A ).

2) A= WA 2 7 55 BEAE IS VR F AN E A GBS ( D-P  Fe-P Al AL-P) B /034340 F8 12 A JGHLBE ( Ca-P)
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FeAb MRS R TCHLBE (RP) |, L] A Wil 4 B e AN (S RE I DBCRUR Tl 707, 17 EL REKE I8 A P AN AR IO WL
FeA MR 2 ) JCHLE.
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