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W OFE DR KA G K O R S, AT T IR B TS RO B e AR, 4 R H FeCly. PAC,
ALy(SO,), Th 15 7] ¥ 35 0 R Rz B 390 R JR8 1 35 T 1 2% 3 R BT 32k A Y% 88 o 0 2 AR (R0 B0 9 A T) A9 7 5 R 38 35
KT, MARRIE BN L BRECR AT T o0, WA MRS T T X, g5 %W, %) —9uhk
HOTP e B B KO 0332 mg L, HP s ISR N FEAAEIRE L A TP IE M 64.16%. 5
FeClL #f [t , AL(SO,), 1 PAC L # i& & A L3 R K K B, 4R ik 3 mg L' &, K TP Al [ = 0.05
mg- L' LLF . L AL(SO,), Fll PAC fE N TREER, 45 P25 BB 45 B0 AS [ R B2 09 25 B, MV 1k 0 P ol A 6 1) 25 Bk
BRI, JUT- 285 LA B, 500 A5 B R0 EL i A 1k e 1 S PR R A 25 . Sl B AR A UF AL, AL(SO,), T
o B 255 S R 24500 B P 359 B PAC (A D A 50 35 A AR W o 50 8 T 5 e i P o R B RS 3, X LAt i A
PR B AR A 25, Y2 PR A i (] (EBCT) K T 10 min A, 7K TP ATFE 2 0.05 mg- L' LA T o M A BB A 1
SRR LA, W R T IR &

REE YUK BEBA; EEDORE; RE s REEERBE

KERHEAR 13D AWK EREAZWERZ—, KR EE™EH 245K E S 25% R
J'& o BRI K A U L ST K BRI R R DK SRR R B ARG . AR KRBT R AR
K F B R Z —, (HH A BB 8 KR & B IR AR SRR R U2, (Ol T T 7K 5 A= 1) T 570 3
BE /KK BT ) (GB/T 18921-2002) #i i W 5 P B 45 2k M 55 08 34 55 FH 7K 19 & (total phosphorus, TP)
e FEBRAE M 0.5 mg L' (WAYA2%) 8% 1.0 mg L' Q3B ) KA TP e B & F 0.02 mg L™ Bl F & &
FEARAES, ARG R, ISk AL K TP e BE U 45 i #E 0.05 mg L™ LAF .

BEXF {5 AL PR G040 B K (TR 2t ) AR BE B e i, A S DUTE B i A0 2 B 3k B i
ANRN AT RSO RERRBE L . HAT, T e#DiiEbrms, v FEOOEREER MRS 2
e PR 25 R BR B A8 R U X T W B R, R A v TR A ORE R BRE AL R B B O 25 B
GENOI A2 T E B R BT BR A 2 A R 8 1 DL R IK S TR TR S 8 1Y) 25 BRAICR B9
Ao IF BT B0 5E 22 BOZ 51X ME LUA AR R 7K BEA T4 27 AR BR B, 13 7K TP 3k 29 2 1 HE b 1
0.5 mg L 'R fH R, ¥ B8 H AT A K BT bR, AR K [T T 3 PR A B B 92 18 Y 5 00 A B K
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T, BAFAE R R K AE R BRIk, X g K R AT TR FE R Bl , i TP e B [ 28 T (IR 1 K - 34 e
AT HAT, EPRAT K TP W B AR T 0.05 mg L™ R B BR B YA ST 14 R Ll .

B ot [ P R AF AT BOIR , ASHIE 5 AU I T S T S K AR BT gt K R RS S, K K TP
Tl 7E 0.05 mg- L™ LLR N#F5E H A, XIS SOk BE 0 A b AT T 200, 43 1R F AL 22 D03 325 i
B LR TE T BRBERESE . AT T ASFEIE S8 L BRACR, JEx T AR &8 b, LI A
A KR BR R RIS 5%

1 MB5RF*®
1.1 SRR E5NE

S FH /KB A b5 T B3k 5 K AR BT g H UK (SS=10.8~12.0 mg-L™!, pH=6.9+0.1), LI
F A% 2 A R AUE . SRR EL . T AR BA A . PUIRIMER . WRELIR . A Efbah . Eibik
(FeCly-6H,0), &AM (PAC, ALO, & AT 28%). BilL 4 (AL(SO,), 18H,0) 4 K 73 #r 46,
R AL B3R S AT A SRR ORE, R AR O 2 mm,

SEH BT FALAR A MY3000-6 5 51) 1R Bk 92 56 458 8 A @RI M T ALAR A PR 7)) . UVmini-1240 58
ANTT LA e 6 B T (5 R AT B F]) . S-3400N F 3 e 1 i 13 % (H S22 ). ASAP 2020M [t 3%
] AR LB SR AT (3EE % 5 /A 7). EHN-B11VCIR GBI (If 2 24 4%)0
1.2 JEEsIS

TREESZIG A F /S BEBE R4S, JE ) 200 rrmin ' B IE S 2 min, LA 100 r-min" 12 3 5 £ 10 min,
# 8 30 min J5 TR LA T 1~2 om BRI 2 R A4 2R v 45 R OE A5 il 1 5 &

13 BESBNATE5 R

BRI K5 10% M ECHE R CHEEE (PVA) Bhah M3 I — 2 LB &, AR 2 9 R 0 266 1
&, W R A O 048, PRI A AUEY R RS BIALE i 2 mm AL BE RS, T 105 C A&
I ORE A5 R L Ak R . 2 1 B S A I A SR B Sk S-3400N (I L T R A, R A R R Bl
WRLIRE TR L, EEERFES S LI WA 3R 1 A R LR 45+ 0% I 2 R LS ASAP
2020M f1 Lt 2% 1f B K AL B R BT
1.4 IR PHSCIe

W RS2 56 2R FH /N [ 5 R R PR A2 B, A B AR 4 em, WRBRE SRS I B R 142 em, SR 1
I, BEEAN R A9 25 RIZ Ml A 8] (EBCT), HURRIN A2 7K A 45 FhE 25 i 0 35 1 .

1.5 SthiEE

B B D 2 SR B B0 o YOO BE VL o ARIE R [R A WAL B 7 i, B IEAS 40 TP Wl ¥ 1 AL
(soluble total phosphorus, STP). HJ i P {if 1 % 2 £ (soluble reactive phosphorus, SRP). il 47 25 %
(particulate phosphorus, PP) & H A7 i @1, JRUKEE E 300 MU TP & &5 48 0.45 um JE B2 38,
DAY STP & & 28 0.45 pm P8 3 8 H R 75 ¢ U 45 SRP 7% & ; TP ik & STP 4% PP; STP ik &
SRP £ H HoAfth 15 i il % B . pH R4 X pH I E .

2 #ER5TR
2.1 ZRHKPEEKE RESERE
XoF b s T R 3 T 95 K A R T g K R B B R S A B B K EAT BT, DA R JR SRR
A T I bR B T R PR AR R o R R B HRORE B9 7 k1Y, F 2018 4F 10 H AR XHZ T R K AT R
B, KA 08:00—09:00, XA [FHE B SEAT T IE 04, S5RINE 1R,

HIER L AT, %) 8K TP MR BE (-1 7K - 0.332 mg L5 &R R 288 5 5 19 43 A AL AR

Sk AT M > T T O T R IR R >R A W S A S A R B, AT & TP Y L AR IR R 75.90%
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x1 RiGKAE ZRHKDBEEERRES

Table 1 Phosphorus speciation and concentration in the secondary effluent of a sewage treatment plant mg-L™'
R H R AT S AT AR AL R A HAt VA Al
2018-10-08 0.260 0.201 0.170 0.059 0.031
2018-10-11 0.387 0.288 0.254 0.099 0.034
2018-10-14 0.334 0.237 0.201 0.097 0.036
2018-10-17 0.351 0.273 0.236 0.078 0.037
2018-10-20 0.327 0.259 0.202 0.068 0.057

64.16% . 24.10% . 11.74%. —Z KBRS A T 206 G, % 9k
TR A ¥R 2R G5 R AL A oAb A W R bR 05 T 25, RIFE AYO T 20 WAt s /K 3R 19 i 438 o Ak 27 B3 5 24 79
Al(SO,),, T PLIETT Ve I A s A IR BE2G 7, BRAEHE T S ILROR . o TS Je Uikt fe
SO K TP 45 RIAE 0.5 mg L' LA .
22 WEURE S A KB

fe2E U TE bR b, IRBEFIRRZE . B KR . pHER S IREESCR . i TRUE KR
BERIAE . T pH 2B b B 2R A, WCAS B 5 TR A S AN R SO0 FH K R B A pH A R, TR
358 300 b S RN 2 X AS [RDE AS Wl 1 S BR AR 52 ), DLBA A2 A 38 M A 2= bR 24 70 SRl i, I 5
BT B s A5 SR VE XS HE
22,1 BB LS B KEBREG R

HAEr, W2 IREERAREL . SRS L. T IR BER 008 2 M0 O A % 4 0 R 4
TUVE M ff 3 35 32 KR 1Y) pHL B2, 5N [R)TR 6 700 A 4% A e 09 R il pHL Y T . — JBEXT b2 T g
B, 49Eh00IE B pH N 5.0~8.0, BRihM0iE L pH A 8.0 2247, 1 KIMIEH pH 7E 10.0 LA EUCT, %
ERR)T g K 1 pH 7E 6.8~7.0, TE A 15 KK pH I AT # &, A WF 5% R A FeCl,. PAC,
AL(SO,); 55 3 PR BER X — g K BEATIR BEDCVE SE 00, B4 T AS[RIR BE A $5 0 & XF 7K TP (19 25 B
ROR, DAB S TR EE R R AN . SE38/K IR R (25.0+1.0) °C, TREERIBMELEIN 1~6 mg L',
AR, IREEFI MR L SR & T, SR WE 1 PR, mE LA RUE L, 3 FREER T,
AL(SO,), M ERBERCR B bf, PACIKZ, FeCly MIBRBERCR S22 . MM R 1~3 mg-' L' If, TP LfR
RERERHK, MEHTEE., M4 ALSO,), fl PAC 4 3 mg L', TP R R4 K
87.78% H1 85.02%, Hi7K TP HEE KT 0.05 mg- L', #kZeis IR BRI i, ERFBAAH T,
I FeCl, (&4 3 mg- L' B, TP EBR%R 0.4 100

1XH 70.95%, BP0 3 K 2 6 mg L™, Dol 80 <

K TPV 05 BE % 005 mg LT LUF . 2 el < pAC 1 &
SV T X 4t y | & AL(SO,), SR la X

H. FeCl, 15 1R BEH ‘fi@/nﬁﬁiﬁﬂiﬁi%ﬁ@ % +AIZESO4;BE'\@%£%$ 40 %

B, WMOHEAREHTZT gk mgEn 5 0 10

W HULATRD,  AL(SO,); Fl PACH B £ 0— : ; 0

WFFEIEUK KT, 258 75 IR BRI AR Je #5255 IR (mg - L)

AR R, B R R4 3mg L, B 1 IREER AT TP 2 55808 1Y 5

222 RESNHAKRELYEHRE G Fig. 1 Effect of dosage on the removal of TP

1E bR T 2 i) AL(SO,), F1 PAC Ji #E 7
B AER N 2T, A G B K T IR B UUIE SC 0, Ve TR BEXT N R B S W 0 L BRAR , 45
mE 2R, HE20TH, FEIREVIEMIERT, SMIESWBIIEERRERE M L., Hh,
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SRP ) 2 R AR S b, JLF 2 AR L 0 04 |

Wi PP A A 7 7 Bl 25 R % nr = rr Em R
AL(SO,); %F SRP, PP J LAl 75 i HE S 1 22 B .

5 i 100%. 58.8% Fl 82.5%; PAC Xf =

SRP. PP K J f ¥ f Bt 10 25 Bk % 43 31 o

98.0%. 60.3%F1 68.4%. X J& i T IR B 7 Xt 0
AN TRV 25 i 0 1 FEAILBOAS [) 3 il o 1 )
M R LI AR R B R B, — 2 SR KRB B 0 S
I, R WK Y R T SR R AL Fig. 2 Effect of coagulation on the concentration of different
FN A e T K R & @ AR e, EUE AR phosphorus speciation
ZPR AT DLW B — o S AR S NS S —Tr
I, VEAIREER 5 PP HE il i L AR . 2R B B KU, 32 (W) 4 J 3R DT TE DK IR TTRE B o, DA 52
PRBE 9 25 B2 %K )T g K R BBk R DL SRP IR ASAEAE, WL, & ECR B RR A RS
SACERAE MR EE R AT T2 bRt
223 HARZHFILK

BATHE P R A B R G 0 HE B AR A, RS2SR g . N TR Mgk i s e kb
B, Hoh2gn gk e ma k. RIETHE AL(SO,), Fl PAC B ¥, 45 G BRmisiuR, % 2 f
RN . FE T AL(SO,), 18H,0 fir#% k 800 JG-t', PAC 4%~ 1900 Jt-t" i+58, X+ TP &&=
40327 mg- L7 AU JEK , R EEBR#E S K TP K T 0.05 mg L™, W AEALHE 1t KK, AlL(SO,), 18H,0
FIZ 770 2% 1 R 0.059 2 JC, PAC HIZHFI 2R 9 0.077 0 JC. 45 BT, AL(SO,), HY 55 i % 50 A1 24 37 2%
FH4 L PAC HAE# . L, thoeik F AL(SO,), fE %) G A= 4k K G B il itk 22 25 571
2.3 I B 371 3o 838 ) IO A 2 PR A 122

W B0 325 o Wl A Ry — ol v AV R 10 I Wl 1 32 0 4 R 3 W B Ry [ N AR I SR 3RS, IR R 2
FU o R L 2 T 0% W RS A Al X Ml TR AR P WO S A T, SR SN K R rR B A e B . AN S 6 T R I
FI A TR 2 7 45 A R RE A ORL , X 2 R K R B A R BRSO A T AR T
23.1 BAASBEGERRSR

3 3 2 43 0l Sk 72 BE R M AR 5 U 1) 2R THI TR S0 R L 3% AR R FLBR 5 A o IR 3(b) AT LR
W, R BT e v R AL ) A A9 558 i B OB S AN ) M OREIR A R T R Y L R A, X
EE I 3(c) FNIEL 3(d) WTRAE i, BEEEFI A I AR BLA M R RAEAE — &, IF HAORL 0 L BR 45 4 L3
Kiko. MR 2ATLIEN, PR SHARML, R AALLE 55 T 39.79% 1 23.56%, X Al fig
E5REZE 50 B I AE R R B AT 56 o FRIEARIPURLAE 25 °C . pH Ry 7.0 B B IR B 28 R 13.61 mg-g ™'
232 EBCT 3+t KB E 8% oh

EBCT /& [& & IR AE i B i — A CHE S8, 76 0 vl o ok N IORHZ M A BUH R P, 5
3% 5 EBCT 4 5~60 min, SZH /KRN (25.0+1.0) °C. &l 4 N A[E EBCT %f i (1 K B vk i . & 4
ATLLE Y, W RN TP 22 BRSO R B i, H TP & B A A KR 20 I 2 T SRP & i F& A . PP Al
HoAbS R S0 S B AUA — B R ERREAL, (RN, 2 EBCT 4 Smin i, BIATLFR Z 40
K AR ER 4> TP, HiK TP ¥ M 0.074 mg- L™, H411 EBCT W, 4% Fh B 25 85 10 25 I SRR BE 22 184
K, AHH AR AL iR B /N o 24 EBCT 24 10 min i, Hi 7K TP ¥ B 1 0.327 mg- L' f& & 0.046 mg-L ",
SRP 4> #8453 DL 2= 4, PP 1 H At 1 % 25 #5491 i1 0.068 mg-L ™' 1 0.057 mg-L ™' f& & 0.024 mg-L™" Fil
0.022 mg-L™', #kL2H i EBCT & 30~60 min, PP Al il % ff 25 8% & W& s/, EA R g i &

SN\ jrm NN =
Fk  AL(SO),- 1SH,0  PAC

TREEFIFSE
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(a) BIEFRHAR (o) EEFEARL
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Fig. 3 Images of hydroxyl iron powder and granular adsorbents
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Table 2 Properties of hydroxyl iron powder and granular adsorbents

% ff$ 551 Hif2/mm BETLLRE A/ (m> g ™) LAE/(m*-g ™) LA /mm W H 2 e /(mg g ™)
E2E SIS IEN — 139.7312 0.1477 42293 37.45
FRHEAURL 2.0 84.132 1 0.1129 5.369 7 13.61

. BRI AR IR IR 25 °C . pHON 700 A A

. EILEK SRP (92 1B R B L 5 04 p e STD s SkD

MRLR R A, IFSEEETE T oo3f v PP o HAt

U o7 K P 4 )T PP R gl

UEAT O BEA A FAT DL R o VA R SR I I ) g

Xof FLA TR A5 Bl A G B AR R B 2, (R K g o0l

P H A 75 Bt A AR 0 B3 4 K 0 e
TP P2 0.05 mg L'LAT, X4 52 94K M4 1 25 Bkl i
HIMAA E LS PRE L Fel 4 EBCT i K AS I8 25 B v FE 1 3 0
233 HARZBIHH Fig. 4 Effect of EBCT on the concentration of different

AP 35 S5 T VR RS B e, 5 T B phosphorus speciation
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Bk . PVA K NaOH B4 #% 43 %4 9 000, 11 000 £13 200 JG-t' {15, XFF TP E N 0.327 mg- L' [
JFOK, IR E RS K TP W R T 0.05 mg L&, HUg AT 1t gk, TR RS m
K 20.35 g(Hh 34 13.75 g, PVA 0.66 g, H,05.94 ), 255 2% 0 0.131 01 G, & FAL2ADT
VE VR R WA 25500 2 T o (R, W B RN A 5 R ABORE A AT LA ISR, AT 100 mL. 2 mol- L' Y
NaOH 75 0 % W BFF 40 1 1) 32 B 4 URE JE AT M I, 6 Wi W Rk 87.27%, fift W Jim 1l 32 5 42k ks FH 2% 178
KRV L 2 pH A8 4k, M5 W R T BT BR % , NaOH AT H A2 i o 4 ik 5 52 << Wi i -fi
W - B A AR, RS TR 3R A, PR R AURL I BT 8 A ) A R B R 1Y) 82.3% . WA R T Y A
FE &, PR ERBOR B 04 24 390 2 A ORI, PR B ROk I P 4 WUs , X ik 25 5] 3%
FHTT B 2 0.058 4 JC (% NaOH 2% ), WK T AL(SO,), FIZ5 7 28 1 . % & 28 MU ARk 45, A3 1 ¢
TR, AT BEZ 0277 g, ANARAE BT A (30% 245 A7 BB ) A% o 600 Tt T, Bl
WY 54 0.000 6 TGt 1. HEAT UL, MR RM R R L S UF . mABRBE L, AT DLk S
FEA RIS, W B AR RIS T LA R, RSP T B IR AY B

RNZ R AR 27 T T R B Ak AV o B 5 Wl K B R IR R A I A BRSO, ENK I Y
ARG R 4% i, WRHAE FIREER . S DivEd M, WM kBG4t he. "HFsL
R JETE KA PRI
3 #Hip

D) BT R BTG KB g8 K b TP Mk BE B9 °F- 21K F- 28 0.332 mg'L™', SRP Ky £ E A7 75 IE
A, 5 TP HREMY 64.16%. 5 FeCl, #HL, AlL(SO,), Fl PAC H A8 A A 5256 F KK B, 24 H &
J3mg L7 B, HiK TP AR E 0.05 mg L™ LAF .

2) L Al(SO,), Fl PAC fE MR EER, & FIE MBI R E B LR, X SRP A9 LBRACE
A, JLP A SRR DL BR, X PP R H v A R B R R ER AR AR . Bl RS HA,
AL(SO,); W BR B A5 7] 2% ¥ L PAC B (L # .

4) F52 FE AR TR I B 550 X SRP W B 0 SR G 3, Ol At 3 A ol A R SR A 22, 2 A R ek ]
KF 10 min B, HK TP o[ &2 0.05 mg L' LA o WKBIHE AR L35 25/ % 1, WAL TR
HEH -

& F X #
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Abstract In this research, three commonly used coagulants (FeCl;, PAC and Al,(SO,),) and hydroxyl iron
particle adsorbent were used to remove phosphorus from the secondary effluent of a municipal treatment plant.
Based on the analysis of the speciation and concentration of phosphorus, the removal effects of different
phosphorus forms and technical economy of the coagulation and adsorption methods were discussed under the
same water quality and environmental conditions. The results showed that the average TP concentration in the
secondary effluent of this plant was 0.332 mg-L™". The soluble active phosphate was the main form, accounting
for 64.16% of TP. Compared with FeCl,, Al,(SO,), and PAC were two suitable coagulants for TP removal, and
TP concentration in effluent lowered to below 0.05 mg-L™"' at Al,(SO,), or PAC dosage of 3 mgL™".
Additionally, the removal efficiency of particulate phosphorus and other soluble phosphorus was relatively
inferior to that of soluble reactive phosphate, the later could be completely removed by Al,(SO,), or PAC
coagulation. Through the analysis of technical economy of TP removal system, Al,(SO,); was selected as the
best coagulant. Besides, the adsorption effect of hydroxyl iron adsorbent on soluble reactive phosphate was
significant, while on other soluble phosphorus was relatively poor. The TP concentration in effluent was below
0.05 mg-L™" when the empty bed contact time (EBCT) was longer than 10 min. In view of long-term economic
benefits, the performance of adsorbent was better than that of coagulant.
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