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Limestone iron coating and its phosphorus removal improvement

SHI Jia—cheng, CHEN Can—ming, GAO Ting, WEI Ze—bin, WU Qi—tang”

(College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China)

Abstract: In order to obtain a low—cost iron coating method suitable to constructed wetland substrate for rural domestic sewage treatment,
this study compared limestone and river sand as substrates for Fe—coating in laboratory experiments, using three types of Fe—containing
solutions : FeCls, FeSO4 and Fe(OH); colloids. Four methods were employed for the addition of these Fe solutions : soaking the substrate in
the solution without re—collecting, re—collecting after soaking for 2 h, re—collecting immediately after soaking for 1 min, and spraying Fe
solutions onto the substrate. Three drying methods, drying at 105 °C, drying under sun—right, and natural drying under roof, were compared.
A small constructed wetland filled with Fe—coated limestone was set—up and operated to verify its effectiveness. The method of Fe coating
as per the laboratory experiments is as follows: The limestone is immersed in a 1.5 mol - L™ FeSOy solution, re—collect the limestone after
the full contact with the FeSO, solution for 1 min, and the Fe—containing liquid film on the limestone dried naturally under roof. The batch
adsorption test showed that the removal rate of total P from domestic sewage by limestones was improved from 22.7% to 80.6% for the Fe—
loaded limestone. The removal rate of total P by constructed wetland with Fe—coated limestone was increased by 10% to 15% compared
with the ordinary limestone wetland.

Keywords: constructed wetland; total P; limestone; iron coating
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KA B A — B — O A PRI (] R
P g it AR 10% B9 R IR WA AL T & 8 R AR S,
= E IR R B th TR E IR B A KR
Jo BSR4 0 e B, AR TR MR R
KR — B i 8 IR AL, A BHRAS R AR 3,
I A2 A SIS SR W B A A R o
KA & B IR JE BRI PR e [ AR KR
ARl TS ekl ey, AR T K R R IR P,
DR IH X A 7 A 196 35 7K iR A R B X A A B 3R A 0
B A B

N T b PR A — {5 7K A A AR P A,
X RBEAT — 5 I EBRAE ST , [R]IN to BAT H 3 Kas i 9
FRARG Aoy SRR L, B RON TR A A= 1 757K
89 73 AL B, AR SR T5 7K Tl B K A TR JEE Ak P
TEN TR rp  SEORME 15 7K B8 25 R P ke 32 224 1,
DR ORI T AR R BRI RE A 4 20

HAl, CAKRZ LT AN TIRHIERHA RS, aninf
U ATRAT TEATRE R IR IR G BORE il T A AR IR
TR 2 ARAT S0 5 T 2 AR D RN N TR
Hb, (H R I 2 1 G SEURL A7 7 25 75 BE ) B A i
AT DRI XA e SRR AR AR AL A — S I
SCo RNPREWIIE T T A1 A S5 SR
X 4 I BT RR , 235 SRR W U5 A i X gt A I
HEOR. i, A SRRV IR A7 KA RV AR 2
Z 0T N T B e X o IR B R P A SR SRR
XILHAT A AL PRAT ST

Arias SFOBFSE R, BORHIT 5 1 4 )8 (8% 45 40
HZ X B BRACR ST, 8 R A
FIE AN By 5 7T PPl R 6 T 2o TRz A A8 5

R W R RTTVE BN, A UM MR BE RR ER UOVE [ 2
Ko PRI AT LA 3o %of 4% e BEORE 3 T £, 7 R TR 1 R
HORHA R & B, T2 = HEBRBEBE 1 o A BFIE &
SUBRBE VD AT TR AT TR R ARk
TR R 58 55 R T A I VD 8 TR A 7 BRI 17 28, I
THXE SR FERE . SwarnaF] H &R HE
AT RAT R T AR, TR T T W B RE T . AR
T 3 L BIF 5 06 4 B TEURE I 3 A1 R w3547 A7 A
[ s (1) T 8t B B2 %, S B TR FERE X
15 5 (2) X BRI B 52450 5 (3) dil /b FH 8k
FRAFURHA E AN TR S8, Rt , AR SC B FER TR
Ry TR G A T A A BRI 25 T v, IR ¢
RN, FH N TR TS5 Y K bR RE

1 #MB5EFE

1.1 iRIE

RIS R M A KA ER, WA &R
T I 19 X — EEFUR LA | R AR N 5~10 mm, H 2
B WL 15 VA RR W B T AR N — SR
R AR A 0.15~3.00 mm ; % BRI 2k &AL 8K, R4 BT
Al AL BRAE TR T, H Fe(NOS)s VTR H 4116l
2 9 NAEF I A e ARl K2R S R s 154
ARG K R BT el A e e AR A
2B FOKBCH 5 T A TS K hEE AR AR KA
A 25 A3 55 0 BT B K o 3R BT 452805 K
IKITFEFRAN TR 2,
1.2 R HE
1.2.1 MR A i i 5

AT B 7E 0 1 2R AT FH 3R B Y

x1 ARAOWBFHUFESWER

Table 1 Chemical analysis of the tested limestone

pH Ca/(g-kg™) Mg/(g-kg™) Fe/(g-kg") Zn/(mg-kg™) Ph/(mg-keg™) Cd/(pg-kg™) Cu/(mg-kg™)
8.7 851 2.66 0.83 ND 2.11 ND ND
TE:ND A&
Note:ND is no detectable.
F2 R AKKR
Table 2 The quality index of the tested wastewaters
{56 7K Tested wastewaters pH COD/(mg-L™") TP/(mg-L™") TN/(mg-L™") NH:i-N/(mg-L™")
PR 7595 7K Simulated domestic sewage 7.27+0.06 209.53+5.38 1.93+0.02 — 37.21+0.59
AN T57K 1 Municipal sewage 1 7.30+0.02 56.19+25.64 1.08+0.03 — 10.92+0.64
ARG 157K 2 Municipal sewage 2 6.99~7.51 33.70~90.86 0.48~2.57 9.70~27.82 6.64~27.45

T R A 95 75 /K -5 2 P I BT ey T BLAE T35 75 7 1 GBS by P (R e 2

Note: Data of the simulated domestic sewage and the municipal sewage 1 for the batch adsorption experiment are means=+S.D..
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TR G AR OR AR G o AR B S BRI
A FeCLIFM FeSOF M Fe (OH): IR, A
A RA SR VDB o 3l A P
E TRV W BGE EOHR BE R 0.1 mol - L, 155 1 2k R
} FeCly FeSO4 . Fe (OH): JIiE A . HAR UG 3% & WL 3%
3o HRRESR 343 DK S BRI WS W I AR DL S mL:
1 g BC LIRS B THOE M A, BIFRI 20 g 2144, A
100 mL W T 150 mLAEE I, k7 24 h, #3120
remin”, PR A5 S TR H 105 CHET 24 h, TS
it FHZE IR /K8 Uk ZR /KB, PR T2 o i i e 1Y
WA Ry 25 A 2H B RPN X 75 B M 1 25 B 38 LA
R AR T 118 % £ 28 6
x3 HRIAEHERKIEE
Table 3 Setting of screening tests for Fe—coating

material combinations

yisL] BRI Pl LA A
Treatments Fe—containing solutions Coated carriers
Fe''-L FeCly AT IRAT WD R
Fe*-L FeSO. A IRATHPBR
Fe-L Fe(OH): {4 AT IRAT DR
Fe**-$ FeCl; SRR N
Fe*-S FeSO. e T bR
Fe-S Fe(OH): {4 SRR N
L — A RATHP B

S — R BURGIRUR RN

AP Y5 7K R 356 < AR BT il A5 00 S R 44 L S g
F 100 mL #ETE M, in A 20 mL B A 1595 K, LU
120 r-min ' $& 7% 2 h )5 , M /K #F pH .2 & (NHi-N) F11
SBE(TP) . FMEERE 3 AR, IS I IR CK.
RIS V5 e LB FoR, WA (1),

15 Y 25 Bk R = (R s 7K R 7 G ik 3 — i o
Je K TG Gk B ) 1 B R 2K S ek X 100%

(1)

PR AR T 2 - 43 5 2.5 g AN R A RHI
A S50 mL# 1:1 HNOSVE R, IR 3% $2 B 2 h =, BRORE I
R AR BOR ARk S, BORERL A A S B3 4
VAT, BIRIRGIRBUS , 25 5IHA BRLL, 4k 22 i
PRGRIL, B G A AN . AR R A 1 Sk 17
O ) TS R RE VR T R e 2 B BT A R Y
MRS AR B Fe-L Fe*-L . Fe-L ¥ S 2k & &4
I 2 L) B i [ B AT A5 Fe¥'=S  Fe*-S Fe—S
Skt R AKX LA (2),

B e (mg Fe - g) =M BHEER 71 32 (mg)/#F
BB BT (g) (2)
1.2.2 T ZA4145 ki 5

AT 15 FE 0 2 B A3 1A KA +FeS0. 1Y
TG o I BRI T2 P IR
— B TRV S AR ZE A Oy =, s AR
WA P AE G292 hG £ 32 1 min J5 57
BI45 R itk 4 B s —RE 5 S BRI R A IS AR Y
T 07 X, A HE 105 CHET R BHIE T 1% o3 XL A
SR 380, BRI E R4, TR TR
1 min Ji5 57 BI$55 4 008 90 33 90 ol 422 fs Fof (1) 6 7 Ab 2L
JIT LR B0 2 5 FeSOL MR JE A 1.5 mol - L', # IR 41
TG TR T bR I ZE K
VEZAERUE BT o B B IR (5 T V5 7K
HTBCA TG V5 7K 1, 15 Ge ) 2B 5 Fb e 3R THI 2k A 2 i
DU FH ARy R 1.2.1

=4 TZHEMEIRWIEE
Table 4 Setting of screening tests for Fe—coating

process combination

T T TR
Treatments Adding liquid methods Drying methods
T1 BRI 105 “CHET
T2 B2 hJFHi 105 “CHET
T3 L1 min 545 105 CHET
T4 i 105 “CHET
TS5 201 min 4 PN
T6 230 1 min J5 55 HARBT
CK Juhnig =

1.2.3 ATk
1.2.3.1 AT Ay 2

o O 8 th A AF AT RHEL S S T R A T
WO BRER I 11 2R , A% BRI TR A EORM) E/NELAT
MM 55 T 2019 4F 8 H WIF IRt A T8, AT
T2 b b A RS AR TR A /K e (K 1 m B8 1 my 5 1
m) MR, AN TR b T FHBERL 20 351 A £ 284 B
AT IR AT D B 0 A A7 R A R ) A A D R R R
0.8 mo JRHIFIARE AR, MBS 6 PR om™, AT
T M 1 K R T AR TR Y5 K 2, A KA A B
R AR RS PR G KA R . K
SR OK AR TR L, 0T G A I 0 B, A K
EHEREHRKMIEE 0.8 m, AT IR A K HE K
Jr a1,
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Figure 1 Water distribution and collection in constructed wetland
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WL

Y SRORL X A9 W5 A 1) L T EST W 3o D A7 R
KPR A R X DR T A, O VR R < A5 1R B b K
FERGACHET 5, A8 N T3 3 1 (I A 4 3350 10~
15 em Ab) 280k 500 g it BRI 4% , 1129 1 L H KoK o
IR R K, T J5 7E 2 d PN P43 3 UK Rk B R S 2k, fof
HATRMILZEL AN TR, 25 AR T
d, EHHR AL .

1.3 MES S A E
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E 3 TN R FH 2 6 R B 40 Ak — 58 A1 43 Dl 0l B8 306 I 7
NH:=N SR FH 9300 2006 B VA i 5 3R IO/ ik
iR AR IEMT o3 B VR

30 e A HER ) Excel 2010, 7 K2R A Origin-
Pro 2017, 4iit43r=R FH SPSS 20, = iR I 2 b B
22U B RN R B D 2 5 25 43 BT R Duncan 2 8
P o N T3 b R 1 Ak BLAS [] 1) 22 VR A 14 B9
KX ¢ K, 22 53 W E MK R PIEROR

2 #ER5iTie

2.1 SAEBREEM BHE & BT
HSEALL 5 7K W R F T T 35 7K 7K B 17 0 LA B W B J
KRG IR 2 T 2

100 ¢ a o, O TP 110
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T gof
iin g
ER d 16
= =
E 2,
40 | 14
% b | [ab e
20t *‘ {-‘ ol kal e rea[a | 12
. Al Bds Bes |,

N5 VIS P, VI e
e ge 8 ge g TN
A3 Treatments
AN TR R AL BT 22 57 B35 (P<0.05) . R A
Different lowercase letters indicate significant differences among different
treatments (<0.05). The same below

2 AEMBHAEH TP NH-N KB RE 4R FiTKpH

Figure 2 TP,NHi=N removal rate of different material
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combinations and pH of sewage after adsorption

F & 2 W] AT, DR 8 e RS 7 A L X s K T
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& 1 90% F175% . [RIIL (8 PG IR VAR5 VR 2E A 74k e
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Fe—S M B 5 15 7K pH A 2.39, How HF A T8
AR T A F I Fe¥ =S 4L & A FF
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Figure 3 The amount of iron coating by different

material combinations
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Figure 4 TP,NH. =N removal rate of different coating processes

and pH of sewage after adsorption
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Figure 6 Removal rate of TP in two constructed wetlands
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Figure 7 Average removal rate of other pollutants in two

constructed wetlands
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Figure 8 Removal rate of TP in two constructed wetlands
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constructed wetlands after film re—coating
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