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Abstract: In recent years, China’s livestock industry has flourished, becoming a crucial component of the nation’s food supply chain
by consistently producing abundant meat, eggs, and dairy products. However, this rapid industrial growth has inadvertently led to the
generation of significant volumes of livestock wastewater, posing a considerable environmental threat. Efficient treatment is nece-
ssary to wastewater laden with pollutants to mitigate its adverse effects on aquatic ecosystems. Among the various treatment technolo-
gies, flocculation has emerged as a preferred method due to its effectiveness in solid-liquid separation within livestock operations.
Despite its widespread adoption, there remains considerable uncertainty regarding the effectiveness of different flocculants in remo-
ving specific pollutants from livestock wastewater. To address this, a comprehensive Meta analysis is conducted in this study, analyz-
ing 1 194 observations sourced from 41 articles. The findings provide valuable insights into the efficacy of flocculation treatment. The
results indicate that the use of flocculants has a remarkable effect on the removal of suspended solids in livestock wastewater. Spe-
cifically, removal rates of total solids and volatile solids are 62.95% and 70.55%, respectively, facilitating the effective separation of
nutrient elements. Notably, the removal rates of ammonia nitrogen, total nitrogen, total phosphorus, and total potassium are also signi-
ficant, which were 37.53%, 48.04%, 69.95%, and 23.28%, respectively. These findings underscore the critical role of flocculation in
managing livestock wastewater pollutants. The study further reveals that the flocculation effect is influenced by both the types of floc-
culants and the specific characteristics of the livestock wastewater. Inorganic flocculants exhibit superior removal effects on total
solids, total phosphorus, and total potassium, while organic flocculants demonstrates the highest removal rate for total nitrogen. Com-
posite flocculants, combining the advantages of both inorganic and organic flocculants, show the highest removal rates for ammonia
nitrogen and total phosphorus, showing their versatility and effectiveness in treating a broader range of pollutants. The content of pol-
lutant and nutrients in livestock wastewater is emerged as a pivotal factor affecting flocculation effectiveness. Specifically, when the
chemical oxygen demand is less than or equal to 10 g-L™', inorganic flocculants achieve the highest removal rates for chemical oxy-
gen demand, and total phosphorus. Conversely, when chemical oxygen demand exceeds 10 g-L™', composite flocculants demonstrate
the highest removal rates for chemical oxygen demand, ammonia nitrogen, and total phosphorus. This highlights the importance of se-
lecting the appropriate flocculant based on the specific characteristics of the livestock wastewater. In conclusion, optimizing the com-
bination of flocculants based on the specific characteristics of livestock wastewater is an effective strategy to enhance pollutant re-
moval rates. This approach not only improves wastewater treatment efficiency, but also aligns with green and sustainable develop-
ment principles. Future research should continue to explore optimal flocculant combinations and wastewater characteristics to further
refine and enhance this method, ultimately contributing to the protection of aquatic environments and promoting sustainable livestock
production.

Keywords: livestock wastewater; nutrient separation; Meta analysis; flocculation; removal rate
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Fig. 1 Water quality characteristics of pig and cattle manure wastewater
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Fig. 2 Average effect size and 95% confidence interval of the
removal rate of different types of flocculants on the
pollutant and nutrient in livestock manure wastewater
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EBRBEA R, LBRFESIK 67.66%. 45.01%
H183.21%, £ COD ZBRI7 T, A [F] A28 25857 1 &
BRSO R Ny 24 2% (CF>APLZ B (OF).
FE TP JBR77 1, AN AP 228 i L BRASCR RN
S5 BUEER (CR>TCHLEBER] (IF)>A L2 EEF (OF),
X AT RS P NI Uf pH R 5, 40 R Ak K i = A
(1) S S A0 e AR JEL A 558 A 118 b 2 T R RT3 5 11 W P
AE 7, T LA 0 B 192 7K e A AL A R 1R h A T e
P, AE TAN BRI T, AS ) D 24 20 588 570 1 5 Bl
RRI Ny B4 ZLEER (CH>AHLZEEER (OF)>TEHl
ZUEER (IF). 76 pH T, IR R TP KB 9 &
AR T — 7 T2 RO JE AL R A 4 e T
— 7 TG R TR R, R THT 1) zeta FEAAEL, UKL R 10
FEEL R 1t — 2B K, DA TR R 1 R R R A,
B, TEALZEEEH Y TAN LR R TF A HLZER .

BT, B EERELTER LRI E —
EMLH . XIEH TR G REEE 2R — 28R
2 G T B, 33X 4 PR — ZRE SR EL A O [R] 4  JBR A
G A GG AT LA o KA AL, 46 58 0 H A5,
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366 AR RO 24k (R 3E3C) 2025 %33 %
F Cattle ¥ Pig
IF-cop n=21 " COD A n=39
OF | —— n=71 B i n=80
CF | on=l1 - —e—i n=29
Flo - —k—i n=93 - Fhed n=148
IF FTAN P n=21 TAN b n=28
OF HH n=22 - —— n=14
g CF - L4 n=1 3 —e—i n=14
g Flo - el n=44 - i n=56
;;—; IF FrN —h— n=7 TN —=A— n=9
% OF | [ ] n=2 - —m— n=27
CF - L] n=4 - o n=13
Flo |- —k— n=13 - Ak n=49
IF - 1 —A— n=8 LA TK n=1
OF | —a— n=8 - n=7
CF |- —e— n=4 —— n=4
Flo | Il—*—c . . . n:2? - ._*I_| n=12

0 20 40 60 80 100

0 20 40 60 80 100

%% Removal rate /%

COD: fh2E 75 ar; TAN: ZA; TN: BV TK: BV, n: BEAKGE; TF: JoHLEREET]; OF: A HLELEE; CF: A 2 ¥E5H; Flo: T A 2585, COD: chemical

oxygen demand; TAN: ammonia nitrogen; TN: total nitrogen; TK: total potassium; n: sample size; IF: inorganic flocculant; OF: organic flocculant; CF: compos-

ite flocculant; Flo: total flocculant.

3 AEFEZEEF G EIERMEIEAPTLEYMFASEZRENEHREEN 95% WERFRXHE
Fig.3 Average effect size and 95% confidence interval of the removal rate of different types of flocculants on the pollutant and nu-
trient in pig and cattle manure wastewater

T4 i B AR 0 L BR AR . A SR BE T 0 20 L i
T H B R BERCR, B G R B EE T I e 5 A
MR R L A, A2 ERE TS5 TR
BT, A B TR TR A B DL COD. TAN
TP (1L BR, BT AAERE R R IR X R N 4 B R
PR . Jioh, ZHCEEER A pH>T7.5 X SR AR 2 K
1 TS, COD. TAN F1 TP i = BE R T pH<7.5 i}
B 22 B 2%, 10 B Jim B 1 2 58 O R T 220 B R X 280K
TR AL 1 KB
25 FEEBKEBZVWRKEXNFESEZBRURHOZMW
RNFEFY & (1 TS #1E) &4 F AR Fh2E
LRI IR B 2K P Ts Y SR A I R BRR AN R S
Fims. M4 TS<5 gL' i, THLZEER (IF) %F TS BA
U R BRAOCR, BRI ik 85.62%. ARIFIIE
BEFIXT TS 1Y R BRECR R I R : TTHLZEEER IF)>R &
ZUEER (CP>H PLEEER (OF). JoHLZ %E5 i i
TR 7 2, TR B S BT A R A A R R
K, T A B2 5 ) %) R RS v T T ) R 11
B, Frd e = A B ARG, JF 1 5 2R A
7T L, TR DT A PSR X TAN

2B R R, RBRRATIA 32.27%, ARIFHZEL 5
FIXF TAN B BRSO 2B R AHLLEEH] (OF)>TC
L BER] (IF). A WL EER] TAN BRI R,
A HLEEE R 43 b n] REA A I L e B8 B AR A, X
S fof ] LS5 R4 T B RO AR SRR far A B AR, S8
ok H g7 R RN, A HILER R N R A R AR A A o R
T FEL i 2 8, DA (5 JHL 2 R A K v (AR i, AR fi
GRS T AR AR 1 UL, 3 S WURL B f5 7T LA 3E
SUR/IN 3 BUR - W U L N U - RS 8 5 D)
TP (1 25 R e 5, N 97.58%. AN [a] Fh 24 2258 71 it
TP W EBRBUR TR IN: B A L EER (CP>THLEEE
) (IF)>A HLZEEER] (OF). FEoKH (% TP Al gy A it
He7, 2 G ZRE ) v 0% BH B B 43 R DA v Rk 2 7
FnF, A AR RO ] 1 HE R 7, AR 0k SR 4R, i L&
A BN A T R 2 2R K 1 pH, 1022 EE A%
F, 15 TP TH 45 5 il o 2L EEVE LB . 4 TS>
5g L, AHLEEERIN TS 19 £ BEA —EmH,
L BRFATIK 66.02%. AHLEEEN />R, 2EET
K, R R, 5 8, BAARLE (0 W BH Z8 M R
LRI I /N 2 Bl 25 2 V2 W VIR B ) T R T AR R
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5% 23 Tz FA  BRBEHOR XS FRFE SR s R NI A3 1 BRIV SIS 367
pH<7.5 pH>7.5
IF TS n=1 L TS
OF + —.— n=5 - —a— n=16
CF + o n=24 o ° n=3
Flo | ikt =30 - ——h—— n=19
IF FcoDp A n=27 rCOD n=1
OF + —— n=27 - —— n=19
ECFr o =12 - ' ° =7
g Flo | ok =66 - —hk— =27
;—; IF F TAN A =26 L TAN—a— n=10
;% OF + —a— =8 - [ ] n=3
CF - 1o n=6 - O+ n=72
Flo t+ e n=40 - kA =85
IF TP A =27 - TP A =32
OF —— =26 - —— =10
CF + +@—n=12 - . =69
Flo k- =65 - vt n=111
0 2I() 4I0 6IO 8IO I(I)O 0 ZIO 4IO 6IO SIO I(I)O

2[5 Removal rate /%

TS: 2[5 {4 ; COD: fh2% 5 Uit ; TAN: 240 TP: M n: BEASE; IF: THLZEER]; OF: B HLEEER; CF: 2 &2 5EH; Flo: Fi A 28K, TS:

total solids; COD: chemical oxygen demand; TAN: ammonia nitrogen; TP: total phosphorus; n: sample size; IF: inorganic flocculant; OF: organic flocculant;

CF: composite flocculant; Flo: total flocculant.

B4 AEpH FHTAREMELZENNRBELKDTREDMFSEREN TR 95% WERFXE

Fig. 4 Average effect size and 95% confidence interval of the removal rate of pollutant and nutrient under different pH conditions

by different types of flocculants on livestock manure wastewater

LRV R S 556, KPR 1Pk
JERE T, 43 F W BE 4 T i IR 25 4 T B TR, xR
HEA R, HE I A 2K R BT A R R 4R
P R RPN COD Al TAN [ 25 BRASCR
TR B A ZER (CR>F L ER (OF)>LHLZ
BER (IF). X TP B R BRERE R N B A LB
(CF>TCHLEEE ] (IF)>A ML EE R (OF), v e
R 52 G R BRI A LR 43 2R B R R AL 225 71
W AR A A, BE AT LR $8 4 BIL S 4 1 2 8 500 i Rl &5
ZRRR RN AR, 5 302 OB, — [F) R UT, AT 7K
A v (1 i 7 R 0 O e SR T & A R R DT R AE
SR P 5 TG ML ER B 5] A0 H R ORI D, TR Y
B A Tl 2 R 5 L A 4 A 47 2% T o 22 R DL R A
— B B BR 2, AR A R BRI K TP Y
R,

MFRFHFEIK TS B A B 5 BT, Hh 2288 70 % AN W)
TS & F I # K TS, COD, TAN, TP fy%Fk
SR AT, AR TS VR EE T, 225 ) I (X R
6Kk W TS, COD Ml TAN ¥ HA B m i £ R %, &

HE R TE B TS Vi BE A R A 28 /K b B T4 Y 43 2
RO XA RESE B T KB IR TS YR EERL mi i, 38K
) AR AR g, AR R /NGB TS e
JEE ) 385 TG A K, 3k B ROk A 1 SR A K T 2 A, &
BETTRE 1 RCR BT
2.6 FRIEFEK COD IREXFHEBRIRMF M
AN Ak A SRR AR T AN [R) i 28 42 0 59 0o 5%
FOK PTG YIRS RBRFEWNE 6 BT, 24 COD<
10 gL' B, TEHLL BER] (IF) %F COD 1 TP (1) 2[5 %
B, 0Bk 80.51% F 87.15%. A [ Fh 2 82 5 71 ot
COD FiI TP ) 2 Br&R FR B Ry - TCHLEE BER (IF)>5
A 2BER (CP>A HLZEER] (OF), X n e &K G
BUZLEE R 5 A 04 1 L fr 5 B PR ) BT 485 47 1) 0 e A
HEAT T HL AL, AT 22 Bk TR, R 2 R TR
BIERTEY) L0 DY) ; B AR F0IC AL 22 5 7 v 1Y
4 JE PR FIE B2 LB FR ER U TE ™, TP (1 L BRACR
B, B4 LER (CF) X TAN £k, 0
ik 43.92%, N[FFPZSZEERI AT TAN /9 2 BRBUCR &
BN 52 A B (CF)>A HLZEER (OF)>TJCHL 2L
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368 Hh ] A S RO A (3 SC) 2025 5533 %
TS<5gL" TS>5 g-L!

IF 1S A n=22 FTS
OF + - n=40 o - n=84
CF o n=5 - o n=33
Flo A n=67 - 2.8 n=117
IF HCOD A =23 rCOD A n=26
OF + i n=57 L —— =69

ECFr on=1 - —e— =15

§ Flo - ke n=81 s - n=110

; IF FTAN H&d n=22 FTAN S n=36

i

% OF | ] n=21 - . n=9
CF | ° n=1 - @ =18
Flo - ki n=44 - ok n=123
IF TP HAn=36 FTP WA p=44
OF —— n=51 - i n=52
CF ’n.=‘5 - o =77
Flo e n=92 - (2 g n=92

1 1 1 1 1 1 1 1 1 I

0 20 40 60 80 100

0 20 40 60 80 100

2[5 Removal rate /%

TS: & B A ; COD: Ak 2 5 %l it TAN: ZA(; TP: S n: FEA K IF: JEHL SR BER; OF: A HLEEER; CF: &4 BER; Flo: firf 22857 . TS:

total solids; COD: chemical oxygen demand; TAN: ammonia nitrogen; TP: total phosphorus; n: sample size; IF: inorganic flocculant; OF: organic flocculant;

CF: composite flocculant; Flo: total flocculant.

5 AEEBEE(TS) EELZUHTARMEERFINFEIEKFTLYNESEREHN TN EN 95% HEEXE
Fig. 5 Average effect sizes and 95% confidence intervals of the removal rates of pollutants and nutrients by different types of floc-
culants under different total solids (TS) contents for livestock manure wastewater

| (IF), E4LEERIX TAN i 2 R RCR 4, v fE
KN 2 A SR E 2o Ry SR T B i B 2 B
AP RO AR, TR G TR A N, HEH
KA, T4 R TAN 9 B %5, 24 COD>10 gL'
I, 584 2R (CF) X%f COD. TAN FI TP i % & %
Yt 0 Il ik 62.49% . 61.72% Fil 86.68%. AN [H]
PR BERI T COD M R BRFUER LI N A ZLEER
(CF>A HLZEE ] (OF)>TCHL L EE R (IF); X} TAN 1
TP W) RBRECR RN B A L EER (CF>TCHL L B
I (AF>HHLEEER] (OF). &ALEN A ZHE
TR R 7 8, T A3 o W B E R R TS e &
A BB A LB L SR S R 1 R
TP g B R B 15, AT & T COD 9 5Bk
BVE 0 TR LB K TP B TAN 3 R il 21 7K
o, TERCAE AR TR 04T R Ak, A O RS R &
HE— 25 A0 R R TR 5 5 2 7 W 1 DT R A 2 f L B K
T LR R R KR AR B s B
A, AT 16 7K F BT TANCY, Sy B i Ak i 42 44 7 J2 Y
BE 137 25, 45 TAN AL RN, HEH KR . BER AR B 1

AL LS 5 A B P 5 1) BH S 45 B, DT 4
7K TP A L BR %

MNFE B 2K AR AT 5387, B2 A 2R BEFI X TAN
() 25 B o B34, HLAE = v B COD K ip AT B i
bR . 3k AT e S B T R TS YL W B A 2
7510 2 T B i #4010 WO BEE A7 s R 2R A A6 s L, D T
ZEFAR G RIG . AN, A YL R Y 2
HET T80 A HLA IR, 2F 1T A 0 AR K A, R
A BR 2R B COD ¥k B (% T e i T L A
COD ¥k i iy K h, 52 & BRI HA DL H, ik, 5
& AN TR COD He B R K
2.7 FEIKHIE TAN REXNFS I BRROZI

ENEEZ¥-8=8 ¢ I LA NGELES 33P0 e &
15 YL W A S5 1 LB AR 7 s . 4 TAN<0.9
g L7 BF, EHLLBER (IF) XF 267K TP Y 25 [ R B v,
iK% 82.86%. A &N (CF) X2 /K H i) COD Al
TAN BA Fe i) L BREOR, KBRZ 7510 15 66.83%
1 44.12%. A [FFh 2 LEEF X COD #l TAN ) 25 BR
RORFI N 5 A LER (CF>AHLL B (OF)>T
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%2 KB LB AR SR FE K 5 Y RN 3R 41 S Bk TR 369
COD<10 gL COD>10 g-L"!

IF |- COD HA =) - COD e n=37
OF —m n=70 - —m— n=66
CF | ———&——in=8 - —o— n=25
Flo |- —k— n=100 - ke =128
IF | TAN 1A n=31 - TAN e n=27

E

3 OF | —— n=22 . . =10

=]

=

% CF| @+ n=70 - —o— n=10

e

ES
Flo |- et n=123 - Ak n=47
IF - Tp A =45 - TP A n=37
OF —m— n=62 - —m— n=43
CF &4 =69 o @+ n=25
Flo |- e n=176 - Ak n=105

1 1 1 1 1 1 1 1 1 1

0 20 40 60 80 100

0 20 40 60 80 100

ZBE# Removal rate /%

COD: fb2: 75 A i TAN: Z A TP: BB ; n: BEARE; IF: TCHLEEET; OF: A HLE B, CF: B & 257 Flo: T 2L5EH .

COD: chemical oxy-

gen demand; TAN: ammonia nitrogen; TP: total phosphorus; n: sample size; IF: inorganic flocculant; OF: organic flocculant; CF: composite flocculant; Flo:

total flocculant.

& 6

AR ZEFEERY TARFMERRER N FAEIEKPTEIMFS ER RN FHHMEN 95% HEFXIE

Fig. 6 Average effect sizes and 95% confidence intervals of the removal rates of pollutants and nutrients under different chemical
oxygen demand conditions by different types of flocculants on livestock manure wastewater

PLEREER (IF), XWREREMN W E AL HAEL
(R BRE 3 07 A5, MR AIE 195 e 4 A i ek B O BEE
TP ) BRECREF BN THLZEER] (IF)>58 & 2%
(CF>A1 HILZLBEF (OF). X nf k2 K Jhy Jo L 22 5k 711
SR R 11 S SR Ak T AR I B 2 B K v ) 8 R
R TAN>0.9 gL' i, THLE ¥R (IF) fn & &
#E7 (CF) Xt COD 1 K BRAR 2003/, 2285541 5]
H 64.99% Fi1 63.54%; . %F TP 1) 2 45 %05 22 W4y
BN, BRI HIN 85.60% F 86.99%., A[A|ZE AL
#E 7 %) COD Ml TP 2 B & SR R 3y« To HL 28 e 57
(IF)=& & 2 EEH (CH>AHLEEER (OF), &G 25
| (CF) X TAN B A e b 19 L BRRR, LBRE N
55.71%. AN [R] 2SR 2 EE R AT TAN 1) 25 BR AR 2 9L
N B A BER (CF>A ML EER (OF)>TCHL 2 B 71
(IF). 0 Uh SRR FE B I, 27 A ol 1 2 A % 3 44
2, T/ INIR B2 A 22 i) A R R SR AR A AR R B, T
SR M URLIR TORE™, 72 & ZLEE 2 P L I Y 3L
[ AT, 52 0 3 2R A2 o 2R ) A 2 v
NHE AR Sy BIr, 22850 B X T A A AR

T 3253k COD. TAN Fl TP (1) 2= (& L Vi - F-
HA, AR EERINT 3 R AR L BRACR ) 22 7 A K,
b ) 5 0 28 7K U R B S 23 0 2R 500 1 ol P R0OR i
B 22 5200 . 3] B R Ay 2R )3 2 TR R 2
) £ 234 i > 22 UK, T IX — 3 FR AN ELRE MO T
2.8 FEKFHE TP RKEXNFES D BUROZM
AN [R) S B i S5 R O [R) A 22 B 0 26K
TGRSR L BRRANE 8 . ¥ TP<0.15g'L"
Bf, JTCHLEREER] (IF) Xt TS Fl TP BA e fh il 2B 3%,
519028 85.09% Fil 87.54%. A HLEZEEF] (OF) X TAN
)25 R R AR, ATk 99.20%. & 4 2 EEF (CF) Xt
COD [ 25 Bt i, I3k 97.25%. A [H) 2SR 22 5 5]
XF TS Al TP (4 22 BRI R BN : TCHLZEER (IF)>E
G EEER (CE>HHMLZEEER (OF). X J2& K R 78 Ik A
W& TS K T, JCAILEE e T B A RS Y 4 s P
BT, SRR AR RN AR BRI R £ DUUE, K TP
EBRRCR B E, X COD B EBRCR R N I
ML EEF] (IF)>A ML EER] (OF). X T TAN B9 LBx
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370 Hh AR S AR AR (R HES) 2025 533 %
TAN<09 gL' TAN>0.9 g-L™!

IF (COD = =22 LCOD —— n=36

OF | —m— n=23 = —— n=30

CF | —e——1 ;=4 - i n=29

Flo |- A =49 - ke n=95

IF L TAN [ n=32 FTAN Ay n=26
5

§ OF + —_ n=8 - HH n=27
o
[

¥ CF [ o =66 - —e— n=14
s
£

Flo |- e =106 - H4 n=67

IF - TP H =32 - TP A =36

OF —a— n=24 3 - n=33

CF | r4 =68 - 8- =26

Flo | B =124 - wt n=95

1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 0 20 40 60 80 100

3 Removal rate /%

COD: fb 2748 i ; TAN: 0% TP: S, n: REARBURE; IF: ToHL L EER]; OF: A ML BEHN; CF: & & 25, Flo: irf 28X, COD: chemical oxy-

gen demand; TAN: ammonia nitrogen; TP: total phosphorus; n: sample size; IF: inorganic flocculant; OF: organic flocculant; CF: composite flocculant; Flo:

total flocculant.

7 ARERAREFGTABRFMELZRENNEKRTERYNFDERZNFHRME 95% HWERFXE
Fig. 7 Average effect sizes and 95% confidence intervals of the removal rates of pollutants and nutrients under different ammonia
nitrogen conditions by different types of flocculants on livestock manure wastewater

BRI CA A BEER (CR>TOHLZ BER (IF), 4
TP>0.15 g-L '}, & & L %) (CF) X%F COD, TAN Al
TP B LA B L BR AR, LB 555135 63.08%.
61.72% Fil 80.33%. A [F] 2 4 225 57 X% COD. TAN
TP K BRBERI A A ZEE (CF>ToHL 2 &
N (AF)>A HLZEER (OF), IR, 5 Y& T
[ AR, Tl i AR 3 3 R 1 P 0 B R 7 4™
Rth, = # RBRBCR B A A E . Yk Eh s T
WP — o BREE, B — ZUEERI W B BERE 1 C & 4E
K TR A BT AT R B E L, B R - R A
Yy, %7 COD. TAN HI TP [ 5%,

MFEFEAE K TP H& A BE 4B, 22056500 (4 {8 FH Xt
TS. COD. TAN Fil TP ) K BR&UR R I R 7 EAK
MY RN S i AT, BRI R A XT TS, COD #
TP 1 25 bR X5 H A MG B0 I S50 o TP R B X 42 0
A TAN LBRRCR 2/

3 it
AR Meta 43 M1 5 ik, 430 T 385 i3 4 26

IK K TR, 98 T 2256 2 AU 36K s Ye )
FNFRAT 0 J2 bR 3R, BT T (0 FHAS [) 42 6 5 s 2% K 9
fpH ., R | AT AR | R A
SR B XS G RN SR A L BRAICR e . BF R
R, th T&H SEEFZE . WM X MGG
BT LA, FIEMBFEAOKTEA R EER
BARNTE , B BE AT IR 2K s Y R SR oy
25 R EL AT S 3 R, AR T K S AR 2 ) 2 ok
BRI RN B 3 . fE IR X, B A H
BER (CF) XS5 hn LB R B B E . ek
TR Aol A v R YL TR N, A2 SR (CF) X 3%
B 27K Ak 2 7 S i (COD) RS B 19 25 B3 R T 25,
AHLLEER] (OF) M A M bR R R . Rk
FE ST (COD<10 gL ™), 228850 (4 1 FH %k
ST SR R B RO A R T A
AT (COD>10 g L™, 25E5 00 fifi FH W & A 1%
BRACR B Af . 2R 0 i PG i s A B R A T R
FEK PR A A A REEN LR R —
e, (AR . ST AR BB R AN, 2
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5% 23 Tz FA  BRBEHOR XS FRFE SR s R NI A3 1 BRIV SIS 371
TP=<0.15g L TP>0.15g-L!
IF frg —A—in=21 TS n=l1
OF + —a— n=23 - —E— n=85
CF | HH n=25 -
Flo | —h— =69 - A n=86
IF FcoDp A n=44 ~COD A n=15
OF —— n=32 - i n=87
E CF - on=1 - —o— n=29
g Flo ok n=T77 - e n=131
% IF FrAN F n=53 FTAN —A— n=5
% OF =] - - n=33
CF | @ n=67 - —o— n=10
Flo + et n=121 - ke n=48
IF TP HH =67 -TP —A— n=29
OF + — n=21 - i n=86
CF | ® =67 - —@— n=27
Flo |- B =155 3 ok n=142
I I 1 ) I L L | L h
0 20 40 60 80 100 0 20 40 60 80 100

TS: S [ {4 ; COD: fh2¢ s A &t

F 43 Removal rate /%

TAN: Z A TP: KW n: FEARCE IF: TTHLELBER; OF: A WL EEH; CF: & & 2 %EH; Flo: Fr A %5, TS:

total solids; COD: chemical oxygen demand; TAN: ammonia nitrogen; TP: total phosphorus; n: sample size; IF: inorganic flocculant; OF: organic flocculant;

CF: composite flocculant; Flo: total flocculant.

B8 AREEBEEFHTARFMELERFNFREIKPTEIMASERZHFHYMET 95% HERFXE
Fig. 8 Average effect sizes and 95% confidence intervals of the removal rates of pollutants and nutrients under different total phos-
phorus conditions by different types of flocculants on livestock manure wastewater
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SRBER SR BERICR T2 o i — SREER R 2R
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PEZ AN, B . ANRIRE L AEE T (R BRI R
BT AL BRI ER R I B [ o3 25 7 30 K 2R A (N
P AN E] LR DURE I ) . FEK PR AL (UNE P2 W)
WS AR S R FUK AR pH 25 LUK —SE AP R

L2 5 R 2R 5 9 2R BEAICR,, P L7 i o 7 2
ST a5 i . ARSI J& T Fe Kk o X 2R ¢
BORBIREME, Ja ST 52— LT AL T T P 2R

R, Az i A 2R 5 77 3 2 A 45 oL 4R
i A HLER B RIS 5 SRR, A il A R Y
HA—ERRME. LRSI AERRE . Ra®
s LRSS, Hom, BRER DR AT | SRR R
1 pH I I B SR A B2 O, (B kR 2
X B A MRS ik . RZBCA PR 7 1 2
TRETI) (A 2R PN A I e 25 ) A B sl fige = ) BT B,
DRIt U A2 21— BRI 52 2250 LU Ho%
1 IS IR /0N (4 DIE 380 50 850 T e, LG Rz A7) 32 Ak
TEFIR Sy AR A Z2 Bl R 92, B H ETAR SCOF
FEMAN AT . I, ARRET X B A5 BRI AT LA L
TILATTHEIFREE ] Z 5T, 1) 25 2B AN
PR RIS, X8 25 A 05 7™ R, 2 4k 20T %
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372 Hh AR AR AR 2E iR (Fh 3 3C) 2025
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