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WE . UF5E T B4 K BT 5 WK S 2 9, GFH (granulated ferric hydroxide ) X} i \DOM Fl % %5 V5 4L Wy 104 W FfF 2= BR ML . 45
W], GFH Xt 1) 25 BR AR 5 3, TP HeJE H 0..059 ~0.725 mg/L PO -PYk JE Jy 0. 004 ~0. 684 mg/Li it /K, GFH i /K RE %
B TP <0. 05 mg/L(KBRH 91. 1% ) \PO;™ -P <0.023 mg/L( £ BR 3 95.4% ) ; GFH {56 & B DOM o k43 F 1 i R, 52 30
XF DOM 28. 5% iy 25 2, [ 16 4 5 DOM #8955 B 44+ ¢ F GFH A5 49 38 S0 b A /K b NHL -NAINO, -NTIT % 7 il 1 2B
NH, -NE-3 £ B R ik 37.3% ,NO, -NEH# £ B ik 59% .

E 4837 . GFH; FAEK; WM 75544

HESEE X522 XEARIAEG A XEHS:0250-3301(2010)10-2354-06

Application of GFH in the Municipal Effluent Reuse for Landscape

LI Na', YANG Jian"?, ZHAO Xuan’, CHENG Xu-zhou’, CHANG Jiang', GAN Yi-ping'

(1. Beijing Drainage Group Company Limited, Beijing 100124, China; 2. Institute of Nuclear and New Energy Technology, Tsinghua
University, Beijing 100084, China)

Abstract; In order to prevent increased algae growth for the reuse of reclaimed water as landscape water, the removal mechanism of
phosphate, DOM and nitrogen by adsorption onto GFH was studied. The result showed that the removal rate of phosphate was the
highest, when the influent concentration of TP was 0. 059-0. 725 mg/L, and the concentration of PO}~ -P was 0. 004-0. 684 mg/L, the
effluent concentration of TP was less than 0. 05 mg/L(removal rate was 91. 1% ) , and of P()i’ -P was less than 0. 023 mg/L( removal
rate was 95.4% ) by adsorption onto GFH. GFH could remove macromolecular DOM ( mainly fulvic acids) preferentially, and removal
rate of DOM was 28. 5% , but which would improve the aromaticity proportion of DOM. Because of the strong oxidizing property of GFH
and O,, NH, -N and NO, -N occurred nitrification in reclaimed water, the average removal rates of NH,” -N and NO, -N were 37.3%
and 59% respectively.
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Wl AR SE R W], GFH X} P NOM 454 it th H A7 4%
SRILFEAE F7° 7" Gnirss %1% T AR MBR ik
W, oy R H T GFH 3% 4 5 4k 58 Al FerroSorpPlus
S AR, b GFH (% W R 8 ) fe ik (GX ) 25
mg/g) . Genz %5 Xk A ) S B 7% tH K IF & T GFH
FR#EAE5T ,8 0001 PRAK R K Z 5, B vk FE R I =
0.05 mg/LLLF, il H. GFH X 45 2 43 5 W B 56 1 A
PO.” >HCO; >S0.” >NO; >Cl . Genz %" & #f
557 GFH X Hu F /K & KSR A HL W) (natural organic
matter, NOM) i) [, 24 NOM rpr oA a] W fff 2547 L4
W N 1.5 mg/ LI, GFH %FA MUY Y W2 B - 165 17 1eF
910 ~30 mg/g, Horh K43 F1 5 5 A it NOM (3=
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BERH 1k 7K A o 28 R e, K i VR BE AL 4 < 0..05
mg/ L. AHWF5E LA 5 K + (R A9 ikt
+ B T2 A0 P15 P A2 K AR S R K, 28 R0 it g
JEEA GFH 38, GFH 7K 4y 5 WL 7K 4 19 %b 7K
AKX A2k A& iE ko3 BT GRH 3 7K K BT A8 A R
L WE9E GFH X FEAz 7K rhis G 20 43R ) 2 8 R AT i
PEA WL (dissolved organic matter, DOM ) f¥) W it 2=
B AL, LA Ay At e 1 2 K Tl T 5 0K 44 o s o
Fr A i) 4 (I 2 AR 4l

1 #REFE

1.1 GFH #t ¢

GFH fY 3 2 i 4 & B-FeOOH' ™, 1 3 ifi >
250 ~300 m*/g""  FLAR A A 4 T R 44,97 % L
HFLFR <4.5 nm'"™) B fr s pH R 7.5 ~ 8.0,
4K 54% ~60% Kif% 0.32 ~2.0 mm, 45 FL 85 i
1250 kg/m’. 4 GFH W [ 11 F1 5 , 7] B NaOH &
H,0, WA, 4 R IG7E 50% L1

GFH J2& Z AL A4 R W B 75, 76 W% B 3k #2 rh GFH
14 FL 58 4Bk K SEL T, TR A WA R 7 %% B IR i
AT AR W B L LD A SR A TR, 4 )R
SE A 0 R A P R T TR T L, g R I 7 3% Tk AN
TE LA W i D 45 k) L W B 5 AR b R A5 B A
A FH L T A W R AR 9 P A, B S T v W R
5 W R ) 2 TR AT, S B0P TRD A B AR R (dn
Ca’" 1 PO, ) BiZE G/ HI (SO, ™ M PO;™ ) , i B MR
b BRI R RN BIL A B B A AR B R D
STV 1L B 5 4
1.2 g

ARG LR B WA 1 R, R KGR
AUk (BAF) | B ARCSAAb A B TP IR 2 0t g
F Bk S v L GFH SEUR) L Bt a4 28 (0 B 72 R )
A GFH W B . GFH W Bf A Ry A ML B, B8 44 o (B
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Fig.1 Schematic of GFH pilot treatment plant

£ 40 cm, % 200 cm) ,GFH FE 30T A7 LB FE AL o [a]
oy A R Bl 80 em L FE Y 100.5 L. By
BE)EL S om AUKLA 3, T 2 A SRR FE L2
20 em FEHPAT.

GFH W B 7K i i 4 8 ~ 14 m*/d (1] 0. 83 ~
1.46 BV/h) , 52461 a) GFH A% 2212 17, 52 50 J& 1)
124 d, B KRR FR 293 410 BV, A< 52 5 v ff ]
(S5 i GFH 1 RE, 25 GFH 1 B &b B IS B H K &
W B A MR T GFH 22" Ntk S2 5 5 A
ARX) GFH #EA7 #AE.

1.3 ks

TP f0 5 SR FH A s 1R 490 90 e - R 6 B 20 DOt B2
%, PO, -PRYINE R FH AR BAPT A 66 B 5 NH, -N2R
FHAER BT 43 0t i 0 E , TP PO, P NHL -N i
FHATIN B 28 3428 vis-723 RIA] L4350 50 BE 3 (b 3 B
FI AL RS 22 7)) 5 UV, 19 7E 2R ] Evolution 60 %¢
Aha] DL EE i (4% E Thermo Fisher Scientific 23 7 ) 5
IKFEZE 0.45 pum 1 553 98, BCuE O muld N/C
2100 % 2B A LR/ Sl R 0 B A (8 e B 5 J Br AX
a0y 23w ) A R g PEAT BLA (DOC) . = 455001
& (EEM) H] H 57 F-7000 5565006 BEA I3 #r

2 #R5R

2.1 J5UKOK R i
ALY, GFH BE/K O “BAF + A" T 2 HK
(1), 7K pH iS55 (7. 78 ~8.96) , i JiE 21. 4 ~
23.0 €, DO 5.78 ~ 8.91 mg/L, BOD 2.00 ~ 6.57
mg/L,COD 15.2 ~32.0 mg/L,SS 0.40 ~7.33 mg/L.
o SS i i GFH BURH#E 26 i) H 22N, O 1 ok B
GFH 3% % . GFH W PR A 1k 7 i 22 258 T — & I 2
B AT GFH SURHG K th S5 =0 me/L.
®1 “BAF+RE"H HkKRIFE
Table 1  Characteristics of reclaimed water from “BAF + ozonation”

treatment process

28 A fE

pH 7.78 ~8.96
L BE/°C 21.4 ~26.0
DO/mg-L ™! 5.78 ~8.91
BOD/mg-L "' 2.00 ~6.57
COD/mg-L" 15.2~32.0
SS/mg-L ™! 0.40 ~7.33

Cl /mg-L~! 40. 405 ~ 108.258
TN/mg- L~ 0.29 ~21.35

2.2 WERYEBR
M2 FE 3 af LU, GFH gk i TP I
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PO, -PHe Ji Uk 3h 2k, TP ¥ B £ 0.059 ~ 0.725
mg/ L2 [8] (37 4k B 4 0. 314 mg/L) , PO, -Pik JiF
£ 0. 004 ~ 0. 684 mg/L (F ¥ #k £ 0. 24 mg/L).
GFH Hi7K TP fiXF 0.05 mg/L, *F- ¥ % &y 0. 028
mg/L, P LB RN 91 1% A4 GFH 0 BHA: i H
K (3410 BV) 3T 545 5] GFH XF P 1% 540 W Jff it
9 0.578 mg/g; GFH i 7K i PO;™ -P ¥4I T+ 0. 028
mg/L, 5 ¥ #e BE R 0.011 mg/L, F ¥ % Bk %k
95.4% . GFH Xf F A= /K tf TP F1PO; ™ -P Y 2 B R 1
it 91% .

0.80
0.70 L & GFHu#EK A A
o.60 | O GFHHIK A
'_510 0.50 - a A ab B
£ 040 A a
£ 030 ada
A A A A
0.20 - ag A,
0.10 |- Aa A% 4
0
0527 06-16 07-06 07-26 08-15 09-04 09-24
BRHEM (A-H)
B2 GFH ST TP B X
Fig.2  Removal of TP by GFH filled column
0.8
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% o3k, A AA‘
=% 02|
0.1 A 44 s

0
0527 06-16 07-06 07-26  08-15  09-04 09-24
BEHES (A-B)

E3 GFH BKH3PO; -PHI KR
Fig.3 Removal of PO~ -P by GFH filled column

2.3 DOM % Bk

B HLY (dissolved organic matter, DOM )
— Mz 46 H IR KA B Wy i K TR A ALY AR
Bl gexr NARME R A, IF HARES B 5 &0 28 57 2
AR A T A HE B B B . A BESE R DOM i
it GFH Iy, DOM fY R PR R |l i 4k M m 5 & 4R Ak
R AR T 7K A 3 B 5 A T A A2 48 I I, W R 7 4R
LBk, S B DOM ) 22 Bk GFH 2% Bk i /R 7K
1 DOM 4n /& 4 FE 5 fi7s. GFH i K s DOC Fi
UV, e B AE A 3K, DOC Yk JE i 2.59 ~8.78
mg/L(EHERE 5. 27 mg/L) ; UV, ¥k N 0. 154 ~
0.071 em ' (SEHWE 0.103 em ') . A K4 GFH

g 5, DOC F& ik 2= 4.37 mg/L (% Fr % ik 3
28.5% ), UV,, [ 1% & 0.08 em ™' (% B X K
22.3% ). A 4h, B K i GFH W B A 5, SUVA
FH4{E  GFH 7K 1. 69 L/ (m-mg) J+ % GFH i
KEY1.83 L/(m-mg) , i8] GFH BEARFEAR 1 H#:4: 7K
th DOM ¥k JiE, 142 % 7 DOM [ 5 /M, X 2 T
GFH fIt %8 2 Bk X 48 41 W the o7 ik 4 /0 19 B 55 & ¢
DOC fFE ™.
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Fig.4 Removal of DOC by GFH filled column
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Fig.5 Removal of UV,s, by GFH filled column

X GFH gk 7K i DOM i 73, ik 47 1 = 4k
261 43 ¥ ( three-dimensional excitation/emission
matrix, 3DEEM) , 25 R L B (K 6) , FRAE K £ A7
TEJETE PR e A(E/E, :250 nm/410 nm) {7
W2 2% (wyptophan-like ) J5 7 J& £ 11 it %¢ Ot I B
(E\/E,:230 nm/340 nm) MITHFHEEEFIOLE C
(E\/E, :280 nm/340 nm) ; 28 GFH W Fff 5 , K P )i
FE R 35 ¢ St iR B (fluorescence intensity, FI) M 1 645
arb Y8/ 1 318 arb, (0,52 28 07 7 R 2 11 B R
FE M1 061 arb J& /N A 927. 6 arb, 35 T it 25 1 o ik
FE M1 342 arb /K1 192 arb. Bfi 5 J& 78 8 25 DOM
AR , 10 B R 28 07 78 i A 11 o RN 7 78 i 2 1 JB Y 5%
g B B R S5 5IEH T GFH {4 2Bk DOM ik
Iy TR FHRR , RIS 5 1 DOM #5571
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Fig.6 3DEEM of DOM in GFH influent and effluent

2.4 EMR R

GFH X H£F 7K 0, B B A B0 1) 25 bR AR (]
7). GFH oK 8 BESF-3{E ly 17,2 GFH Wt J5 B &
10, {63 J2 85 8 3k 5] 41. 2% . GFH X 15 A= 7K {6 8 i
FEAE O AR E 1 BRI W) ] GFH i /K JE 5L &
ARFR KR Ry 26 ~ 49 (- H A FE 35) , GFH K
Ry 8 ~32 (CE¥ A 20) , KRR Ky 43.4% ; 5
WA B AT e HEK B TR T ~ 21 (P 3 {8
12) ,GFH K@ S ~9O (@ T) , KEBRF N
46.9% . FAEK O B R A LY (8 FE R A s
HR) 51, GFH i i i i 38 # /2 i v] LA 25k DOM
T — A B R , i GFH /K 4 B N B 5 53 4h, GFH
T EA R LA R A BRI IR A ALY D B A
FEP R 3R B A BEKE A AL 8 A Ak, s LA
FE LR m T DOC BRI 4.

60

a GFH#K
50 | Fa o GFHH 7K
40 -
% 301
20k a A
A D o A D AA
10 A A LA
D a %o 2 A o
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0
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7 GFH R HEX & E R KB
Fig.7 Removal of color by GFH filled column

2.5 AL

PR K GFH W BRFAE , iy F & Rk ik B AT o
A, GFH RE % i 15 A= /K v & & & A i Ak
(FE 8), & 2 B Ak B B A= K NH, =Nk B

0.305 ~ 0.713 mg/L, GFH 1} 7k v NH, -N ¥k &
0.061 ~0.285 mg/L, ¥ 4 [ %y 64. 16% ; 1iii F
Aok g R AL, NH -N ¥k 2 5 0.086 ~ 0. 21
mg/L,GFH W [t J5 , W FER% 2 0. 002 ~ 0. 026 mg/L,
T L BR R IAF] 88.46% . 73 Ak, X GFH it /K
NO, -NFINO, -NFEAT 53 B & B, iff 7K R 48 B AR T A
HEAF, GFH 3 H 7K A NO, -NSF 2 4 B 4 51 ok 3. 102
mg/LF1 0. 647 mg/L( £H 2 79. 1% ) , & K48 Wi &t
HS GFH i 5 7k NO, -N - 35 4 B 43 51 2y 0. 098
mg/ LA 0. 302 mg/L; 554k, GFH 7K thNO; -NIg
T 8.9% ( )\ GFH /K1y 13. 727 mg/L¥ hin & GFH
K 14,947 mg/L) . 3% 3% W] 25 7K 48 B4R T Ak
B, 4% NH —NO, 1 NO, —NO, YRS Ak 5 v
(VR 7. 74 mg/L) fdik h NH Fl NO, ¥ JiE
b PR R SR K B A GFH WG B AT, GFH (1) 3%
A AL HEINH, -N & AR R il Ak SR A g 46 B, A=
& NO, F1 NO, .
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A GFH#EK
TRE o A T K

NH4*-N/mg-L!

0 ~t ] -
0527 06-16 07-06 07-26  08-15  09-04 09-24
BEEEH (A-H)

El 8 GFH R HAEXINH, -N# % B
Fig.8 Removal of NH," -N by GFH filled column

2.6 FHEERER

GFH X} 4 /K dv P, DOM | {8, B . NH, -N HI
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2y,
¥

NO, -NYJAG B i W B 2 B 28R, 38 i bl 4 4% 21 43
P34 L BRR (B 9) , AT 15 2 F 4538 : GFH X #%
AR ACR e W, TP PR LR R 91.1%
PO, -PHY V-1 £ R % K 95.4% ; GFH Xf DOM () 2=
Bl 28.5% , ffi UV, W /N 22.3% , {8, B W /)
41.2% ,i%j=H T GFH fiL /e 2% B% 7 DOM Hh Ky -+
4 JE R, A €0 2 R 25 O A R AR 11 J5 R O A R AR

100.0

HBTZE DOM i o L 38 hn, $2 %5 7 DOM 19 05 &
PR T R A GFH 15 S fb P, 725 K P NH, -N
FINO, -N % A i b 5 i, NH,-N P 3 & B %5
37.3% ,NO, -NFEH £ R K 59% , S5 GFH ik
HFINO, -N¥ i 8.9% ; GFH % -2k 7k vt C1™ i1 SO~
W BRSSO R KB R 0.1% ,C1°
e B A T

B BRY%
3
(=)
T

0 AT

-20.0 1 1 1 1 1

| —

L]

TP PO -P UVass DOC
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B9 GFHXBAEKFTRASHTHERE

Fig.9  Average removal rates of contaminants in reclaimed water by GFH

3 G

(1)GFH Xt A=K P DOM & iF \NH, -N I
NO, -NI4 A B AF iy W BF 25 B R, JH: o 0 g 19 25 B
RO 2 TP W R 0.059 ~ 0. 725 mg/L(E1y
WeE 0. 314 mg/L) (PO, -PH JiE 2 0.004 ~ 0. 684
mg/ LN 0. 24 mg/L) By HEK , 22 GFH W Fff
AR R, BE 6% SE B K TP < 0.05 mg/L (£ B %
91.1% ) PO} -P <0.023 mg/L( £%%95.4% ).

(2) GFH L5 2B DOM rh Ko+ By S i R , 5%
X DOM 28. 5% Ky 2% br 3%, [F i 7 7 7k DOM
1905 B E, K UV, 9 5 BR 28 1 DOC 1Y 25 B 28/
(22.3% ) 3 5360, B T LASEBLEA B 41. 2% B 5Bk

(3) fH T GFH il 54 9 5 4 Ak 1k, 75 4 K
NH, -NHFINO, -N#uJ % A i 4k ;2 7, NH," -N-F- 2y 2 B
3k 37.3% , NO, -N -3 % % K ik 59% , 3 5 3k
GFH H7k N0, -N3#4 /i1 8. 9% .

(4) GFH Xt Ff Az 7k v CL™ il SO~ B4 W ft 25
BRfE S ,S07" HIFELBRR R 0. 1% ,Cl WA
Fhies.
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