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The efficiency of combined treatment of ozonation and Vallisneria spiralis in removing inorganic nutrients in
piggery wastewater

WANG Jun-li, CHEN Gui-fa, LIU Fu-xing, SONG Xiang-fu, ZOU Guo-yan”

(Shanghai Academy of Agricultural Science, Shanghai 201403, China)

Abstract: Piggery wastewater contains a high concentration of inorganic nutrients, and piggery effluent from conventional biological treat—
ment processes still contain nutrient-rich matters, which poses a significant threat to surface and groundwater and requires subsequent treat—
ment. In this research, piggery wastewater pretreated from oxidation pond followed by the constructed wetland was further treated by ozona—
tion and Vallisneria spiralis. We measured the changes of inorganic nutrients(N and P) content in the piggery wastewater after exposed
to different concentrations of ozone (AO1 10mg-L™* AO2 30 mg-L-* A03 50 mg-L-*) for 30 min followed by growing Vallisneria spiralis
for 4 weeks. We found that three levels of ozonation treatment decreased NO; by 7.7%, 17.6% and 21.4%, respectively, and increased NO;
by 5.7, 4.2 and 2.4 times, and PO% by 40.1%, 26.0% and 0.7%, respectively. After the treatment of Vallisneria spiralis, TN, NH:, NO; and
TP were decreased by 11.4%~15.7%, 29.9%~34.2%, 22.6%~40.7% and 36.0%~38.0%, respectively, while NO; was increased by 0.4~1.0
times. Our results indicated that ozonation could lead to dramatic changes of the chemical forms of inorganic nutrients even at a low ozone
concentration, and culture of Vallisneria spiralis could obviously reduce the concentration of inorganic nutrients in the ozone-treated piggery
wastewater.

Keywords : 0zonation; piggery wastewater; advanced treatment; Vallisneria spiralis; nitrogen; phosphorus
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Table 1 The quality of piggery tail water

165 Parameter  JEREI(4 YCRAE) Range  “EX{HE (4 YCRAE )Mean
pH 7.99-8.78 8.34
EC/uS-cm™ 541~953 773.8
DO/mg-L* 1.92~4.1 3.04
COD/mg-L™* 135~219 177
TN/mg N-L* 8.63~13.68 10.80
NHi/mg N-L* 2.50~8.88 5.29
TP/mg P-L™* 0.97~1.78 1.27
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Figure 1 The equipment of ozonation treatment



EARI A SR R T A IS ML T 1 S AR 2197

SRR (B4R 40 cm, R B0 4% 32 cm, &5 56 cm)
TR E A VR = 2 15 om, A YRR
FhHE 7 7, BEFE 2 Bk, FFIOA K E@ BT R 1k, A
ANYEAME T J7 20 cm AbBAHEK F1 o FRRal B e AR
ARKBTBIFAE MR 4 B AGAL BRFIAS ] 5L
AR AR PRI KA, Z 55 7 d — UK, 1445 4
W AEIIK Z AT TR R

ARSI 4 AR FE, 3 AUNTA] R B B A AR AR b PR
AL AT BD - BOCKT R, # 37 Ab PR /K ) JAOL( B
AFEINHE A 10 mg-L) AO2( Ak 30
mg-L™) AO3( & A& Bk El 50 mg-L™), £ HAEHA
b5 e RN BRI AR R, A PR EE A 3 IR
1.4 MEBIRS FHi%

SVECTND RV (TP) I E - TN R FH Ao 4 i 1 41
b1, TP R A BHERPL L RS,

FH 7 (NOz \NO; \PO; ) | FH &5 F (NH: I 5E « FH
B A% (1CS930, Metrohm , B+ ) A 7l 2 . FHES
F ¥ sh 48 4 3.2 mmol -L* Na,CO; #1 1.0 mmol L
NaHCO;, FIRA TR, ik 0.7 mL-min™; 4H Bl shAH
3% ~5% H,S0,. PFH 2§ + Ui 2l #H & 4.0 mmol - L™
HNO;, Ji3# 0.9 mL-min,
1.5 BIBRSIT o

FH SPSS 13.0(SPSS Inc., Chicago, IL, USA ) # {4tk
Frgeitorbr, F Sigmaplot 12.0 R f5¢ il B TA%

2 FERG5HMH

21 RESN-EEREAMEITERE K hRAIERR

] 2 AN [ i B AR AR AL A B A A A — 5 B A B
S B K PR RITE S A S R T LE
e, BLARBIHR B X TN AT NHG A5 22 38 B 3%
(P>0.05, & 2A &l 2C 5% 2) , RASAb - AP,
TN 1 NH: 5 XF BEAH b fg 2 T B (P<0.05, 5] 2B &
2D, #2),A01 A02 AO03 ) TN T B& kb 4] 43 51 Ky
14.4% 11.4%F1 15.7% ,NH; T [ F 15143 51 4 29.9% |
29.9%71 34.2% (& 3). ¥ HXT TN F1 NHHA 307 1)
YERIZAR, X B TN AT NHE 4350 F B 24.1% 71
55.6% ; 17 B} R A A AL S K RE AR PSR 88 i (2. 2%
5 RN, A RSO TN B 34R
k1 30%LA I, NH.#ky 66%LA (K 4).

FAASAACRN R R b s A B R S A B R K
H NO; Fll NOs #l A 1 {2 25 52 i (P<0.001, 3% 2)., 4 in
TR B A BEAK AR NO; & = a4 (&I 2E ),
S FRAR T 43 L4351l AOL 7.7% (AO2 17.6% .AO3

pii

21.4%(% 3). RAFE -5 FALFEX KA NO A
A3 (] 2F), AOL . AO2 . AO3 43 BIIF&AIE T 22.6% .
28.8%F 40.7% (% 3), {HiE LS , /KA NOz %
R 5 % BO L Z R in 0.6 £5,A01,A02,
AO3 1] NOIEIMEHARXS B /N, 435124 0.3.0.4 £5F0
0.2 (£ 4),

R LB A B /K NOs & i 3 in (&
2G),A01 AO2 F1 AO3 5 BO HH Lt i 48 i 435 %4 43 5l
N 5.7.4.2 f5F0 2.4 4%, KA NOs &5 it &8 R S b -y
TN S AT HE S (E 2H), = A R A B
A3 1.0.0.4 £5F1 0.5 £, S EAS , /KEE NOs
T AT s R, X BRI i 17.6 £% , i
AO1 .A02 .A03 5 BO M HL:alE /N, A>3 5.4,
A3 1R 6.8 15(F 4),

22 RESV SR EAMNEEIAE KRR SR

AN]SR A AR A RN B AR SR A B A B 4 3
AbFREEIK TP Fi POT Y sZMA AN 3 FE 4 PR . 4R
B BEXT TP 5 22 5 A5 i 3% (P>0.05, 8] 3A . 382).
B SE A — FE A TP 5 i 2 N (P<0.05, [%13B
% 2),A01.A02 AO3 I TP N[5 H 49143 51 h 36.0% .
36.4%F/ 38.4%( 3K 3), W HAL IS, TP & it 48 A i 3
TR, %t BR L AR R [ 68.4% ,A01 . A02 AO3 i T
e B 25, 40 79.5% .80.4%F1 77.2%(£ 4) .,

AN TR i BL AR SR AR X POY 5 1R A R i) 22 5 I
(P=0.002, % 2), SLA A A B KA PO & i #
# (& 4),A01 A02 AO3 43I SE-F588 i 40.1% .26.0%
0.7%, RAEAM-TGFA I, &40 PP ER A K
F) POTF 12, 1hd B Jin % B AL BT POS (1 /E FAASCR
iK% 100%(% 4),

3 itig

Gan Z£971 Kim SEM)fff 5% # & BE, B4R A A Ad
X G AL R K A TN ONHG AT TP 35 2 (R i N (2
£ (P>0.05), 5 A5 45 R — B (K 2A & 2C A
3A). TEAIREGH , R AL AR PR KB H NO, 75
REARG , NO; 7 38 Jin (181 2E [ 2G ), & B B4 AT LUK
NO; % 4k k7 NOs, i #F 417 £ i ff 40 0 1 1) 5% Ha I
W5 i T NOs 3 2 e NOZ sk /b1 88 4 A 52, 158 B
AT BB K H A HLEEL AL LB X, BT
PLiE—A A A NOs WL, ARG v, L4 S Ak ot i
T POT R (& 4), U B B S AL (A HILAE v 1) A
YIRS ) TCA U TE A5 S Al o B AR T e 2 355 1y S 1A
i, AT RESE T e R A LA T A



2198

GBI EEici Y F 3555 115

18p 18
16 A SRS Ozonation 16 B4 A k-1 Combination
14r 14
L 12 a 5 12
Zz 10+ a ~ 10
=0 _? B0
£ 8f =5 £ 8
Z = =
i = o :
4t =7 4 %
2r !E 2 ﬁ
=7 Z
0 o B 0
2 2 3 4
SEREHL Y Sampling number KRR Sampling number
107 o _ 10
¢ JLHLLHL Ozonation RARSAL-EFE Combination
8 8
4 i
P4 6f = 6
& w0
£ £
= a4t =4
& z
a
2 2t
a bbp ’IIb bb
0 0 | @
4 1 2 3 4
FAREHE Y Sampling number
0.8r 0.8 . n o
E B S fk Ozonation HAA A -5 Combination
0.6+ 0.6 a
: 5
z. . =
g 04r a ¥ 04 b
= aa =
z ) =
= FA
02t Sy 0.2 ﬁ
= 4
o
-
° 3 0 2 3
SKREAE YR Sampling number KRR Sampling number
61 6r
¢ S % fk Ozonation B & fk -7 Combination
5k 5k
oA oA
z Z
;éo 3r ;%D 3t
g 2 % 2F
1r ) 2o 1t
aa
L eiE a2 JFB )
1 3 3

2
SRR Sampling number

{1BO [EA01 EA02 EA03

2
KRR Sampling number

RFE/NE 78 F7R7E 0.05 KF 2R EE TR
Significant differences within the same sampling number are illustrated with different lowercases(P<0.05 ). The same as below
B2 AEKRERESL(AC.E,OMREAML-FE(B,D,F,H)XEFAEREKFEAR(TN) EHRNH)
TAEAE(NO;) FHEE(NO; ) R EH#M
Figure 2 Total nitrogen( TN ), ammonia nitrogen( NH; ), nitrite nitrogen(NO; ) and nitrate( NO; ) concentration of piggery tail water after
ozonation(A, C, E, G) and combined ozonation with(B, D, F, H) Vallisneria spiralis
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Table 2 P-values for the effects of ozonation and combined
ozonation with Vallisneria spiralis on inorganic nutrients
in piggery tail water

Ehn Parameters JL4 48 fk Ozonation K% fk-17EL Combination

TN ns <0.001

NH; ns <0.001
NO; <0.001 <0.001
NO; <0.001 <0.001
TP ns <0.001
PO 0.002 nd

TE:P>0.05 L) ns 37, Jofi i LA nd 37K
Note : Values of P>0.05 are marked non-significant(ns); no detections
are marked no detected(nd).

A R &AL Ozonation
i a
23]
< 15} | B af
Cgo E E % :
=} i i
1:
05+ j
e B | = |
3

SEAEE YR Sampling number

HE R BRN, A NHLAT LU i B AR R SRR K
PRA B (RS AL R SR AR AR FH A TN B 52
WARE, AWFFEEER S, R Y R S A Ak Bl
AR B — i R T

R3 FERERESEUMRESN-EENEIFLERKT
MEFRBEBRBIR (4 X FHE, %)
Table 3 Reduction of inorganic nutrients in piggery tail water after
ozonation and combined ozonation with Vallisneria spiralis
(Average of four sampling numbers, % )

JehE B4 54k Ozonation RS- Combination
Parameters  A01  A02  AO3 A0l  AO02  AO3
TN ne 24 ne 144 114 15.7
NH; 8.0 4.8 2.6 29.9 29.9 34.2
NO; 7.7 17.6 214 22.6 28.8 40.7
NO; ne ne ne ne ne ne
TP ne ne 6.7 36.0 36.4 38.0
POY ne ne ne nd nd nd

TE:ERL ne F%, Joki i B nd R
Note : Negative values are marked no effect(ne); no detections are
marked no detected(nd).

4 BEIEIFAMERKR N EFENERRR(4 X TEHE)
Table 4 Effects of Vallisneria spiralis treatment on inorganic
nutrients in piggery tail water( Average of four sampling numbers )

f545 Parameters BO AO1 AO2 AO3
TN £ [5:%/% 241 35.8 30.9 36.1
NH: Z2BR2%/% 55.6 66.5 67.8 68.1
NO; BT % 0.6 0.3 0.4 0.2
NO; BT % 17.6 5.4 43 6.8
TP J:BRR/% 68.4 795 80.4 772
PO% :[:2R /% 100 100 100 100
25r I o
| B R b -7 Combination
2.0}
Ty
a
=0 |
£.0
=R a
! b0 p
0.5 | B Ebb
OO T 2
ol— S = =
1 2 3 4

SKREHEYR Sampling number

(1BO []A0OL EJA02 HAO3

3 ARAMREREAENL(AMIERN-FE(B)EIHLEREKBRBE(TP) EEHNF N
Figure 3 Total phosphorus( TP ) concentration of piggery tail water after ozonation(A) and combined ozonation(B) with Vallisneria spiralis
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