5505

Eco-Environmental
Knowledge Web

24
ENVIRONME

2019

Vol.40 No.12 ‘
240% =128 |




w % B 32 %540 % 512 W)

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2019 4612 A 15 H

H  R(EBZ)

MRS
FORBERAA T PM, 15 eI RITURLE BETAE e eereseereeeres oo e,
................................................ KB GAT K ERE LKA, FE, T8, TRE, ZEFE E/IW(5191)
2016 ~2017 4E KW AEIL T R 450 PMz.sgﬂﬁfﬁf‘?ﬂ;&%?ﬁ\%*ﬁ .....................................................................
..................................................................... %@g,iﬁ&,gﬁ%,f/)f}1¢ig,i%,—%ﬂﬁﬂ%%,ﬂj%, Eﬁgﬁg(szoz)
SN[ R B B T 15 e AR RUK IS VB AR ARGy oo TR, XL R, X R, B g, A, W (5213)
GRS IX FBE AL PM, T4 B AL BT | TR G  ovveeeeeeeeeessesee
................................................ ?%iﬁ,@i@i,?&%ﬂi,ﬁﬁ'J?,%%%ﬁ,}%,Eﬁt,%%%,ﬁﬂﬂ,ﬁﬁk(ﬁ%)
[T 75 R T T RE L ORI T e evemeemeeeeee s Fesk e GBAEE L, TN, KE, FHH, BE, M E A (5234)
REANAE LA HEBRIE EIREERIN o eeeeeeeeeeees KA, W AR, X SR, BB = SR, P RUB (5240)
PR A VOCs HERCH BB GE L FIRALL  ooeeeeeeeeenee ik, B 6%, 3 Ok, A R ZHl &, B, T ARF (5250)
?ﬂféﬂ?miijiﬁFﬁJlXﬂLJE%ﬁ(QFPE%EL?%W%J@@Q%E‘J%ﬂﬁ .....................................................................
...................................................... ?fﬁﬁ%‘,%%%,?ﬁ%ﬁ,?’]‘iﬁ?,%ﬁﬁfk,5’&%?%,%%@‘,%ﬁiﬁ,’ﬁ:%%(5258)
OGS T T AR PP A AL 3 A5 DR SR AU ITA oo O, RARHE pE A A AR T (5265)
A LA B AR ) 3 5 AL B K PRI - eeve e KEW, 54, T8, 5440, B RE, BHF, HIB(5272)
KT B B B K B T AL 22 MR AT 5 RUBG AT <o ettt
...................................................... ﬁ@‘ﬁ%,?ﬁﬁ,;ﬁ?%, ]\ﬁ?ﬁﬂ,?ﬁ%]iﬁ,ﬂ]%‘c@ﬁééﬁ%ﬂﬁ,FE}%%}(,?&Z_\%(SZ%)
SRR FRBE S i AR S R AR S R RO oo WA, BEM, R, KIFIF, CHE, 75 (5294)
WA H K RS R ) B LRGPP - ovveroeeeeeneens A, TFe, 2HA, GRE,HE A, FE(5302)
U R X IR E AL AT B R A DOM R UA K2 ¢ TG GTEAFAE -+« e vmememeemmmeemee e =S , 2 %( 5309)
PGS T[N CDOM AL ZE G +eeeererremreesemmmneree s x| B, IME, X, FANR(5318)
PR DX BB B A0 /NS SRR R AR oo G L, X T TE, SR B, 7 9 BRI SUIR, SF AL (5330)
IS T ST i i ) 368 ] PSS SR SCARBL YR IE oo HLR,ER, SR, HAK(5340)
AN RUEE 0 7 O 8 BRI TR EE IR oo O, RUFF A, E A, R T, B SC#E(5348)
R B AR DA T AP AE SHIRBERE SL v BKE, A, IR IRER, F AN, HF(5358)
NIRRT AT AL VTR PEASy <oeeeeeeeeeeees TERH, ABE, KHFE, HEY, FMK, TEK, TEH(5367)
[986 To SE JE XS T T T RS ] B T T BT+« v e e e e e e ettt
.......................................... 2 CEAE BB, E,EY O E R E BTN, TR X E(5375)
S Ca* K AT 1 IR K T (AR R SRR R L v RAE, I, B, AR, 8 (5384)
PR (Alisma orientale) %48 L A Y HIMLCRIFE HRFAE WS ORI - ovveee EEE, UL, ER, R, EE, b E (5394)
SEA N T IR S RS AL BB 0 S5 T ARG SEE vevvrereerrrrereeeeneenennen Tk, E R4 B R ARE A, R YL(5401)
B BRI E U A1 TR TR BB AT L e veeveeee e A, AR, A, BHE, RE(541)
i%ﬁ%*@lfﬁﬁxﬁﬁﬁng&w#ﬁ:lﬁ%ﬁu@ ............................................................... Igj':\yfg , FE , ¥yl , 5 ¢ A (5421)
VAU TR L I LA R GTRT BRI T A FEMIBLIL oo oeerveesenssesnsssnsns EHE, T, ER, FR(5430)
lmgﬁ‘fﬁﬁg/ﬁgg%xﬁ SNAD TZE@JE@??“@ ................................................ $ ;3 , j'J ‘d\’ﬁﬁk , f?%ﬁ , é Urij , %{,7’?( 5438 )
FERE AR SRR R A8 BB AT VERE SR AR oo E, X B, X ke, B 06 B, AR (5446 )
Mﬁgﬂ%%xjmﬂi(T§7J(H/§‘L%ﬁ*j(§{ﬁ/%%ﬂg$2u@ ................................................ &=L , T , %é\iﬁk , ? Uri;y , %Z)E( 5456)
T EE AN R S WP THRIATIE VRGP A PERE -oooeeeeeeeeeeeeens AtE, AR, K, ERRE,KWHE, B XM (5465)
T GEE 1 1998 ~2018 AE T EEEE - HuFI AR 3 A S R GENR S MBI FEMA] vevvrerrnrnrnrnre e
.................................................................................... %ﬁﬁﬂﬂ,ﬁ”‘}ﬁ%,ﬁiﬁ, I‘ﬂﬂg’%ﬁ%i’%}éfg(5473)
FLT MDS 5 TOPSIS #AY A UifpAEDR il B DX L HEBCEE DAY cooveeeeeeeeeeeeeeeeeees MRF U RBA R, R, FH(5484)
T /K S o [ YT 1R K8 1 HF LUK M ER LA IE 2 CO, A CH, HERGE AR oeeevereeenmnmeisneeees
........................................................................ ZH EHEE B NES EE AEH,TEE,2)(5493)
FEAE CH, HEHCRHAE B Z  eeeeeeennenn IO B, KFF, R, KR, A, B %, § R, FAHE(5503)
ﬁ@ﬁﬂxﬁ%%iﬂi%ﬂ?%&ﬁ{ﬁﬁﬁiﬁ@fﬁEg%ﬁuﬁl ............................................................... )’ﬂzﬁi B , K , & H}‘/’m“gg (5515)
BT A IX A H 22 4 [ R JT T + v veeeeeeemmmsmmeee ettt e e e e et e e e e s e s s TH R, ETE, A%, RIE(5524)
RIRT H A B A FR S L ST TR v B VR WK E, B R, BT T (5531)
IR A 08 AN ) 5 A P R ) AL B v E A, XA, E B A, FAR(5540)
W L™ DA [ - 4 1] TR+ R E R SRR VR AR oo FRRMR, I, W, B F (5550 )

MR FEIBE T AAC B X 3R - chbL AR REVE - EERES R - 8, X%, F0, BHFW, TWW, K7 A(5561)
BERRAEXGMTRHEAEEESRREENAREE

AT e SRR AT R AR S o oeevvoeseenneenns BAIFHA, N, B RN T (5570)
BT X A S5 U a) B S AT AL A3 BT wee e K KR AR, Tk (5581)
Sl A 5 B U B ) S R R SRR S ) ¢ LA B s RIS DX g ] =+ A, B, 0t B K, X 7T (5593)
e VR VS [X - 55 b e L A 3 T 4 S V5 R E S5 3RS AR AT oo vveeermeee e
.............................................................................. BEXE #E EFER, NE EF,HLE, ARBEIE(5604)
%%{ﬁiﬁ{%gﬁiﬂﬂﬁi%ﬂﬁﬁ%f%/é /ﬁazﬁ?ﬁ&ﬁﬁgfmﬁ ..............................................................................
.................................................................. P —2k MR EHN AN, EKE, R, #E, %L (5615)
FHERDT -5 LR S A PR T R S G IR A B I VERE oo X T2, 28 B AR, JE A, AR R 4k, Bk3R.(5623 )
FRRF LG X IR R TE 4 B TR T SR ceeererrrrrreemeeeeen, MRyEH XL, E AL Y AT (5629)
Hydrus- 1D BRLEHE SR T 047 R K B9 2 S A R (B AL oeeemeeeeemesemeeeens M, B, R M, A F T (5640)
<<%f%ﬂ_r‘—%ﬁ»>>% 40 %(2019 ﬁz)‘é\gi ...................................................................................................... (5649)

(ARBEREYETT R 535 (5233) (BRI ) AR 17 ) (5285) = H.(5357, 5420, 5429)



)
EET;DJE B R = 540 % 5512 1 2019 4 12 A

Eco-Environmental
. . Vol. 40, No. 12 Dec. , 2019
Knowledge Web Environmental Science 0l.49, No. 1& Dec.,

B, HRA0ER B UM B A AN N B R B R A XS EE

X R, MR, A BEP

(1. LR RS 53 E%&D,J: 201306; 2. PR EL I A FRAE], BV 200436)

AR . AR AESE RIS T 3 FORRIZE R B A, BRES e i A (ZeMZ) | SEscvE A (LaMZ) FRHRES B
WA (LaZeMZ) 5 He 2558 T FXF K i R 6 (9 W BFEVE FH, 15 BE RS T e 0K | [RIBR/K AU IR Hh i i 5 . &5
KB, 3 BRI A X T A R R B K P BB BR R, . LaZeMZ X /K F i B ER A W R BE I B4R T LaMZ il ZeMZ. 3 Fhaiek ik
FER NS T A R R AR B K RN ] Rk SRP BVE BE. LaMZ X3 J5S U8 th s 70 I8 Pl 0 B AL S RAR T LaZeMZ, T )5 3 AR T
ZxMZ. 3 Tl 4 8 25w LRI IE I8 rh oK P e (WSP) | 38 2E mTFHTBE (AA-P) FIER ALY -UE AR $2 U (FeO-P) fY9 3%
i, WSP HI AA-P B JEESON B9HEF 4 : LaMZ > LaZrMZ > ZrMZ , FeO-P B R0 B HERE 9 : LaZeMZ > ZiMZ > LaMZ. LaZrMZ 1
LaMZ 7R3 AT LABE ARSI H 5 i i ( RDP) /Y & i, ELHIBRAL N A9 HEIT 4 : LaMZ > LaZtMZ. LaZrMZ F1 ZeMZ 35 4] LABE
IR H NaHCO, H#EHUSE ( Olsen-P) B, HLHIB A HERF 4 LaZiMZ > ZeMZ. DL 25 5 SR B, 5% 04 s 8o ok 3 4 24
AT LA 80 7K AR P VR 1 1 T K AR 5 DR B 25 S A A vl R PR L B, B I 6 i Pk b A 2 — IR A AR Y
A4 K A P R B AR R 9 I U8 B L A L o~

KR BES ORI A S B R A IRV B R R 5 X L n foren
FESES. X52 XEERIZAE. A XEHS . 0250-3301(2019)12-5411-10 DOI: 10. 13227/j. hjkx. 201903204 -

Comparison of the Control of Sedimentary’ Phosphorus Reieaéle_. AUsing
Zirconium-, Lanthanum- _anq_,-- Lanthanum/| "Z.‘ircdhimn-Modiﬁed Zeolites as
,Sedlment Amendments, |/, ,,.r /ey & '
LIU Ting", ZHAO Yu-ying', LIN Jlan - ZHAN Yan-hui'* QU} Qin” &

(1. Collegl of Masine Ecology and Envirafuent, [Shifnghai Ocean Univerdity ‘Sharghai 201304, China; 2. CCIC Phygfeal and

J Chemlcal Testingg€o., Ltd., Shanghai 200436 China)

Kbstrﬁct In thl& studg;“the adsorption characteristics/of. .phosphate on zirconium-modified zeolite (ZrMZ) , lanthanum-modified zeolite
(LaMZ)- and lanthanum/ zirconium-modifiéd zeohte (LaZrMZ) were comparatively investigated, and the effect of ZrtMZ, LaMZ, and
LaZrMZ addition™on the mobilization of phosphorus (P) in sediments was comparatively studied. Results showed that the phosphate
adsorption capacity decreased in the order of LaZrMZ > LaMZ > ZrMZ. The addition of LaZtMZ, LaMZ, and ZrMZ in sediments all
could effectively reduce the concentrations of soluble reactive P (SRP) in the overlying and pore waters. Furthermore, the addition of

=
-

LaZrMZ, LaMZ and ZrMZ all could decrease the amount of mobile P in sediments, and the reduction rate decreased in the order of
LaMZ > LaZrMZ > ZrMZ. The amendment of sediments with LaZrMZ, LaMZ, and ZrMZ all could lead to a decrease in the amount of
water-soluble P (WSP) , algal available P (AA-P) and iron oxide-filter paper extractable P (FeO-P) in the sediments. The reduction
rate of WSP and AA-P decreased in the order of LaMZ > LaZrMZ > ZrMZ, and the reduction rate of FeO-P decreased in the order of
LaZtMZ > ZrMZ > LaMZ. The addition of LaZrMZ and LaMZ both could reduce the content of readily desorbed P (RDP), and the
reduction rate decreased in the order of LaMZ > LaZrMZ. The LaZrMZ and ZrMZ amendments both could decrease the concentration of
NaHCO, extractable P (Olsen-P) in sediments, and the reduction rate decreased in the order of LaZrMZ > ZrMZ. The results of this
study demonstrate that the addition of ZrMZ, LaMZ, and LaZrMZ in sediments all could effectively intercept the upward mobilization of
sedimentary P to the overlying water, and LaZrMZ is a very promising amendment for the control of the internal P loading from the point
of view of both phosphate adsorption ability and bioavailable P immobilization efficiency.

Key words: lanthanum/zirconium-modified zeolite; lanthanum-modified zeolite; zirconium-modified zeolite; sedimentary phosphorus

release control; comparison
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Fig. 1 Adsorption isotherms of phosphate on modified zeolites
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Table 2 Parameters of isotherm models for phosphate adsorption onto modified zeolites
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Table 3 Change in pH value and DO concentration of overlying water during incubation period

i FE bR WA REd X} R ZtMZ LaMZ LaZrMZ
o 7 7.12 7.25 7.02 7.03
14 7.04 7.19 7.50 7. 60
. 7 0. 40 0.53 0.42 0. 40
DO Jfi Ve &/ mg - L™
14 0.32 0. 07 0. 20 0.27

T R A e AL S R A 2 o A
] oA i) B KR Y AR TP TR B A, A
SRR LA HT 1 X8 BREAFN AR W A7 B v b 8K
SRP S e, 45 R B, G SRS A0 7 d I,

TEBAE BN KSR A7 B DL T, U8 Pl R 2 il
HORHEA KR (45 K SRP BT vk B
RET 1.45 mg- L™ RGN KSR B A R BT, IS
T BT AR S K B ke A BB K ik, 17



12 4 SR8 . iy | R s Al S T T RS VR A R O T L 5415

o7d
R z: 0 14d
2 o0t
E 7
2 08|
m
B o6
&
® :
£ 04
..L]
02
0 —i —171 I T 1 | t;]

Pogi] HrERa WotERE R
2 MMHEARMIT _ EE K SRP FREREHHM

Fig. 2 Effect of modified zeolite addition on overlying

water SRP concentration
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Fig. 3 Reduction rate of pore water SRP by the

addition of modified zeolites
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Fig. 4 Impact of modified zeolite addition on the contents

of different P species in sediments
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Fig. 5 Influence of modified zeolite addition on the percentage

of different P species to total P in sediments
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Fig. 6 Impact of natural zeolite addition on the fractionation of phosphorus in sediments
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