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Abstract: In acco rdance w ith the characterist ics of sw ine m anure2discharging w ay and the p roperty of sw ine

w astew ater on in tensive scaled sw ine farm s in Ch ina, a new techno logy of sw ine w astew ater treatm en t and sw ine

m anure ferm en tat ion to p roduce o rgan ic fert ilizer w as p resen ted. T h is techno logy includes clean ing m anure by

m anpow er, so lid2liqu id separato r + sedim en tat ion basin + U pper2flow A naerob ic Sew age Bed (UA SB ) + SBR +

aquatic p lan t pond. T he p ro ject p ract ice of sw ine w astew ater treatm en t in Shanghai J iading B reeder Farm show ed

that the new techno logy cou ld save 35% of the p ro ject investm en t, 65% of the operat ing electricity charges w ith

good direct econom ic benefit, on condit ion of guaran teeing the p rerequ isites that the discharged sw ine w astew ater

reached the state standard all2sidedly and sw ine m anure w as po llu t ion lessly treated.
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　　N ow , the sw ine m anu re of m o st la rge2sca le

sw ine farm s in Ch ina is no t effect ively trea ted,

w h ich seriou sly po llu ted su rrounding environm en2

t s. T h is situa t ion has no t on ly rest ricted the

su sta inab le developm en t of agricu ltu re, bu t a lso

done harm to the hea lth of peop le. It is h igh t im e

tha t the sw ine m anu re and w astew ater shou ld be

trea ted com p rehen sively befo re d ischarg ing in to

environm en t.

1　The Presen t Situa tion of Sw ine M anure

Trea tm en t on Large-Sca le Sw ine Farm in

Ch ina

　　A t p resen t, there are m ain ly the fo llow ing

w ays of sw ine m anu re trea tm en t.

1. 1　Clean ing Away Swine M anure by M anpower

Sw ine m anu re is cleaned aw ay by m anpow er

on m o st sm all sw ine farm s in Ch ina, am ong w h ich

large parts of fresh m anu re are app lied in farm land

as fert ilizer, and sw ine w astew ater is carried in to

sw ine w aste slu rry d igesters fo r sim p le trea tm en t.

T he COD of the d ischarged slu rry in th is w ay is

abou t 4500 m göL and seriou sly exceeds the

standard, w h ich seriou sly po llu tes the su rrounding

environm en ts.

1. 2　Ecolog ica l Cycle Trea tm en t of Swine M anure

T he w ay of eco log ica l cycle t rea tm en t of sw ine

m anu re w as adop ted by som e ru ra l sw ine farm s as

show n in F ig. 1.

F ig. 1　Eco logical cycle treatm en t of sw ine m anure

T h is k ind of eco log ica l circu la to ry trea tm en t is

bet ter undoub ted ly, becau se no t on ly

environm en ta l po llu t ion is elim ina ted, bu t certa in

econom ic benefits a re a lso ob ta ined. How ever,

becau se of the la rger ra ising sca le of sw ine farm s,

the to ta l m anu re d ischarg ing am oun t does no t

a lw ays m atch w ith around farm land area and the

d igest ive ab ility of crop s. M o reover, the vo lum e of

w ater and fert ilizer dem and of crop s in d ifferen t

grow th periods is no t iden t ica l. T hu s, som e sw ine

m anu re can no t be d igested and ab so rbed by crop s
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imm edia tely, w h ich cau ses seriou s po llu t ion of

underground w ater.

1. 3　Fresh-W a ter Flush to Rem ove Swine M anure

A few large2sca le sw ine farm s app ly fresh2

w ater flu sh to rem ove sw ine m anu re. Since there is

no p len ty of farm land ( vegetab le land ) to

accomm odate the sew age from sw ine farm s, the

fo llow ing trea tm en t techno logy is no rm ally

adop ted as F ig. 2.

F ig. 2　R emoving sw ine m anure by fresh2w ater flu sh

T he discharged w ater of th is k ind of t rea tm en t

w ay no rm ally can reach the na t iona l secondary

standard of sew age em ission s of dom est ic an im al

and pou lt ry. T here st ill ex ist the fo llow ing

p rob lem s becau se of the lack of system at ica l and

tho rough research on the m anu re trea tm en t

techno logy of sw ine farm s.

1 ) P ro ject investm en t is la rge. T he to ta l

p ro ject investm en t of m anu re trea tm en t on a sw ine

farm w ith an annual ou tpu t of 10 thou sand sw ines

reaches 1 m illion Yuan.

2) Becau se the area of fish pond ( the pond of

w ater p lan t ) is la rge, the fish ra ising is a lso

affected by the clim ate, it is d iff icu lt to popu larize

th is techno logy on a large sca le. Fo r in stance, a

sw ine w aste t rea tm en t p ro ject of a sw ine farm w ith

20 thou sand p igs in Shenzhen, has 7 000 m 2 of

w ater p lan t pond and 132 000 m 2 of fish ponds.

3 ) T he direct econom ic benefits a re poo r

com para t ively. T he selling p rice is low becau se of

the few con ten ts of act ive ingred ien t N , P and K in

the so lid m anu re residue.

T h is show s tha t now the m anu re trea tm en t on

a large2sca le sw ine farm has no t been so lved yet.

Excep t fo r p roperly regu la t ing and con tro lling the

ra ising sca le and sw ine w aste d ischarg ing capacity

in the eco log ica l cycle t rea tm en t of sw ine w aste,

the key to m o st m anu re trea tm en t w ays on sw ine

farm s is the im p rovem en t of the techno logy of

m anu re and w astew ater t rea tm en t.

2 　 Research on the Technology of Sw ine

M anure Trea tm en t on Large-Sca le Sw ine

Farm s

　　T he research on the p roperty and the w ater

qua lity of the en t ire m anu re2discharg ing system

w as carried ou t and a new techno logy of sw ine

m anu re trea tm en t w as pu t fo rw ard so as to reach

sew age em ission standard, to save p ro ject

investm en t and opera t ion co st and to ra ise the

d irect econom ic benefits of the p ro ject

sub stan t ia lly.

2. 1 　 Reduc ing the Tota l Am oun t of M anure

D ischarg ing From the M anure-D ischarg ing M ean s

of the Swine Farm s

In acco rdance w ith the invest iga t ion of each

reg ion of Sichuan, H ubei, Guangdong, Shanghai

and Beijing, the da ily sw ine m anu re2discharg ing

am oun t of a sw ine farm w ith an annual ou tpu t of

10 thou sand sw ines is as fo llow s:

150～ 200 m 3ö d by the m ethod of fresh w ater

f lu sh to clean aw ay sw ine w aste; 100～ 120 m 3ö d

by sw ine m anu re clean ing by soak ing in w ater;

50～ 60 m 3ö d by sw ine m anu re clean ing by

m anpow er.

It can be seen from th is tha t the w ay of sw ine

m anu re clean ing by m anpow er can reduce the to ta l

am oun t of sw ine w aste d ischarg ing by 1ö 2～ 2ö 3 in

com parison w ith the o ther tw o w ays in the ligh t of

Ch inese na t iona l condit ion s. T h is w ill lay a so lid

foundat ion fo r reducing p ro ject investm en t and

opera t ion co st grea t ly, m ak ing good o rgan ic

fert ilizer and increasing econom ic benefits. If the

ra in and sw ine sew age can be separa ted w ell, som e

unnecessary opera t ion co st and con struct ion sca le

can be reduced, w h ich w ill be“half the w o rk w ith

doub le resu lts”.

2. 2 　 Strengthen ing F irm ly the Effect of Sol id-

L iqu id Separa tion

P len ty of experim en ts show ed tha t the

sed im en t p roperty of the sew age of sw ine farm is

very good, so it shou ld be fu lly u sed.
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1 ) A lloca t ion of su itab le so lid2liqu id

separa to rs

T he dist ribu t ion of the part icle size of fresh

sw ine m anu re w as su rveyed (see T ab. 1) , and the

resu lts show ed tha t the part icle size of sw ine

m anu re is b igger, screen ing w ith 40 screen m eshes

can rem ove 82% of the pellet of the sw ine m anu re.

Tab. 1　M easurem en t of the particle size of swine manure

T he num ber of screen eye ho leöm esh 20 40 80 100

Screen ho le diam eter (gap ) ömm 0. 9 0. 45 0. 18 0. 15

Particle w eigh t on the sifterö g 73. 42 43. 51 5. 12 0. 82

Particle size distribu tion percen tage ö % 52 30. 85 3. 55 0. 57

T he accum ulated part icle size
distribu tion percen tage ö %

52 82. 85 86. 4 86. 97

T he “ob lique board sif t + ex tru sion ” type

so lid2liqu id separa to r w e cho sen is a k ind of cheap

and effect ive equ ipm en t. T he m o istu re con ten t of

separa ted dregs can fa ll to 60%～ 65% , w h ich is

help fu l fo r the p ile com po st ing.

2) Set t ing up sed im en ta t ion basin

T he sw ine w astew ater after screen ing w as

undergone sed im en ta t ion experim en t, the resu lts

a re as fo llow s in T ab. 2.

Tab. 2　Exper im en ta l results of sed im en ta tion of

swine wastewater af ter screen ing

F ive2day
bio logical &

chem ical oxygen
consump tion

T he
to tal

so lids

Suspension
so lid

V o latility
suspension

so lid

O riginal w aste

w aterö m g·L - 1 15320 17640 18230 14300

Separated

w ater öm g·L - 1 6682 8064 7260 5370

Sedim ent effluen t
öm g·L - 1 3066 4070 1600 1260

Rate of sedim ent
excluding ö %

54 49. 5 80 76. 5

To tal excluding
rate ö %

80 77 91 91

no te: T he o riginal dung w ater are fresh dung w ater; the separated

w ater is the dung w ater after screen ing by the screen w ith 60 screen

m eshes. T he sedim ent w as tested w ith sedim ent co lum n, and the

sedim ent t im e is 15 m inutes.

T he test resu lts show ed tha t the su spen sion

so lids and COD can be rem oved by 90% and 80%

respect ively after being separa ted by so lid2liqu id

separa to r and 15 m inu tes’ sed im en ta t ion.

A lthough there ex ists the erro r betw een the

experim en ta l resu lts and p ract ica l p roduct ion

values, the good sed im en t p roperty of dung w ater

(especia lly fresh sw ine w astew ater ) is aff irm ed.

A fter the grea ter so lids w ere rem oved w hen sw ine

w aste w ater go ing th rough the so lid2liqu id

separa to r, the sw ine m anu re w ater underw en t the

sed im en ta t ion of the sed im en ta t ion basin, w h ich

can no t on ly d ischarge the sm all sw ine sludge w ith

h igh fert ility as fert ilizer, bu t a lso can reduce the

o rgan ic load of la ter b io log ica l equ ipm en t grea t ly.

A ll tho se crea ted a good condit ion fo r u sing h igh2

efficiency anaerob ic equ ipm en t.

2. 3　Selecting Advanced and Rel iable New-Type

Anaerob ic D igester Proved by Practica l

Appl ica tion

So far, th is k ind of new anaerob ic d igest ion

in sta lla t ion includes U pper2f low A naerob ic Sew age

Bed (UA SB ) , A naerob ic F ilter (A F ) and UBF

(UA SB + A F ). T he p ract ice show ed tha t the

runn ing effects of A F and UBF in sta lla t ion w ere

very good, bu t after 1～ 2 years, becau se of

coagu la t ion in the bed, the d igest ion su rface

becam e less and less rap id ly, thu s, the anaerob ic

d igest ion efficiency drop s, and th is coagu la t ion

phenom ena w as hard to be repa ired and m ade

dam age to poo l body. So, the select ion of UA SB

in sta lla t ion is the best cho ice, w h ich saves

investm en t com para t ively ( save p len ty of pack ing

m ateria l and m ain tenance co st of suppo rt ing

fram e) ; T he exclud ing ra te of o rgan ic m atter can

reach over 80% , m atch ing w ith UBF and A F.

How ever, it is requ ired tha t the techn ica l level of

its design and adju stm en t is h igher.

2. 4　Selecting Rea sonable Aerob ic Fac il ity Accor-

d ing to the Cond ition on - the-Spot

In the ligh t of the ana lysis of sew age w ater

qua lity from p ig farm s, the amm on ia n it rogen

(N H 32N ) con ten t in raw sew age w ater is as h igh as

500 m göL. A fter passing th rough the techno log ies

of so lid2liqu id separa t ion and anaerob ic d igest ion,

the sew age N H 32N con ten t is st ill h igher than the

na t iona l sew age em ission secondary standard in the

pou lt ry and dom est ic an im al b reed ing indu stry
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( ex ist ing ). How to select reasonab le aerob ic

facility acco rd ing to the condit ion on2the2spo t is

a lso a d iff icu lt techn ica l p rob lem. O u r p ract ica l

con sidera t ion is as fo llow s.

1) If sw ine farm s have enough w ater su rface

(o r ground) as w ell as h igher tem pera tu re in m o st

t im e of w in ter, the w ater su rface (ground) shou ld

be fu lly u sed to m ake the pond of aquat ic p lan ts.

T he specia l funct ion of aquat ic p lan ts ( such as

w ater hyacin th ) shou ld be fu lly u sed fo r the

adso rp t ion of N H 32N to m ake em ission w ater reach

the standard a ll2sided ly, w h ich is the best schem e.

2) If sw ine farm s don’t have the above m en t2

ioned condit ion, the aerob ic poo l shou ld be added

fo r conduct ing fo rced aerob ic m easu res. T here are

variou s aerob ic techno log ies. T he SBR aerob ic

in sta lla t ion shou ld be adop ted w h ich can save

electricity and has good effect of rem oving n it rogen

and pho spho ru s acco rd ing to the w ater qua lity of

p ig hou se sew age, and the pond of aquat ic p lan ts

w ith certa in areas shou ld be arranged ( u sing

sim p le greenhou se to keep w arm fo r low er

tem pera tu re areas). W ith th is k ind of com b ina t ion

facility, it can be en su red tha t sew age em ission

reaches the standard a ll2sided ly and w ater su rface

can be econom ized, w h ich can ex tend the

accomm odat ion of th is techno logy to the no rth

areas of Ch ina.

3　The W ay to Ra ise the D irect Econom ic

Benef its of the Project of Sw ine Farm

Sewage Trea tm en t

　　Becau se of the low er econom ic benefits of

sw ine farm and grea ter investm en t of sw ine sew age

trea tm en t p ro ject, besides reducing opera t ion co st

and the investm en t of p ro ject, g rea t effo rts shou ld

be m ade to ra ise the d irect econom ic benefits so as

to en su re tha t the p ro ject can be run fo r a long

period and the sw ine farm can m ake p rofits.

3. 1　Adopt Technology of Reusing Flushed W a ter

In genera l, especia lly fo r the la rge2sca le sw ine

farm s tha t a re sho rt of w ater, it is very help fu l to

adop t the techno logy of retu rn ing to u se the

flu shed w ater, w h ich can rea lize zero em ission.

T he changeover co st of p ig farm flu shed w ater p ipe

can be retu rned genera lly in 1～ 2 years. Its socia l

and econom ic benefits a re desirab le.

3. 2 　Adopt Power Genera tion Technology W ith

B ioga s

It is desirab le to genera te pow er by u sing

m ixed bu rn ing un it to bu rn o il and b iogas in the

areas w ith h igh electrica l p rice. T h is pow er

genera t ion set is reequ iped w ith d iesel o il, by

w h ich the o il2saving ra te can reach 80%. W hen

b iogas is no t enough, d iesel o il can be u sed to

genera te electricity. T he su rp lu s ho t w ater of

genera t ion set can be added to w arm up the

anaerob ic d igester, w h ich is help fu l fo r anaerob ic

ferm en ta t ion. T he reequ iped o il2gas m ixed bu rn ing

pow er genera t ion set is reliab le to opera te and long

in service life, w h ich can sa t isfy the no rm pow er

con sum p tion of sw ine farm and sew age trea tm en t

facto ry ( illum ina t ion and w ater supp ly).

3. 3 　 Suggestion on the Trea tm en t of Swine

M anure (dregs) to Produce Organ ic Fertil izer by

Using P ile Ferm en ta tion Technology

In the sw ine farm of m anu re2clean ing by

m anpow er, after m ix ing fresh m anu re and

separa ted m anu re dregs, eff icien t b io log ica l

bacteria fo r p ile ferm en ta t ion are u t ilized to

p roduce o rgan ic fert ilizer o r ba it, w h ich w ill

p roduce con siderab le econom ic benefits. In

genera l, a fa rm w ith 10 thou sand sw ine can

p roduce 800 t of o rgan ic fert ilizer in a year, and

the retu rned p rofits can reach 240 thou sand Yuan.

T he investm en t is sm all and the effect is good by

u sing th is k ind of t rea tm en t techno logy. A t

p resen t, the bacteria tha t w e screened can sho rten

the t im e of p ile ferm en ta t ion to 10 days.

4　A New Technology of Sw ine W a stewa ter

Trea tm en t on a Farm

　　 In acco rdance w ith ou r experim en ta l research,

a new techno logy of sw ine w astew ater t rea tm en t

on a large2sca le farm is show n in F ig. 3.
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F ig. 3　N ew techno logy of sw ine w astew ater treatm en t

on in tensive scaled sw ine farm s

5　Conclusion s

1) T he sw ine w astew ater d ischarg ing capacity

shou ld be reduced as lit t le as po ssib le fo r the

new ly2bu ilt sw ine farm s and part ia lly2rebu ilt sw ine

farm s. O ne w ay is to clean sw ine m anu re ch iefly

by m anpow er and secondarily by flu sh ing m anu re,

w h ich can no t on ly reduce the p ro ject investm en t

fo r sew age trea tm en t and opera t ion co sts

con siderab ly, bu t a lso can increase the ou tpu t and

im p rove the quality of the o rgan ic fert ilizer. O n

the o ther hand, the separa t ion of sw ine sew age and

ra inw ater can reduce the ra inw ater to m ix.

2 ) T he reequ ipm en t w ith the sed im en ta t ion

basin in the p re2t rea tm en t stage is the key to the

new techno logy.

3 ) T he app lica t ion of SBR techno logy and

in sta lla t ion acco rd ing to loca l condit ion s dep loyed

the aquat ic p lan t pond w ith certa in areas, can no t

on ly en su re tha t sew age em ission reaches the

standard a ll2sided ly, bu t a lso can reduce specif ic

pow er con sum p tion.

4) A dop t ing as far as po ssib le the techn ica l

m easu res tha t can ra ise p ro ject econom ic benefits,

so as to en su re tha t the p ro ject can be opera ted

stab ly fo r a long period, and tha t it is help fu l fo r

investm en t retu rn.

5) T he new techno logy has the characterist ics

of sim p le opera t ion, investm en t2saving, conven ie2

n t m ain tenance and repa ir and h igher econom ic

benefits. T he p ro ject p ract ice of sw ine w astew ater

t rea tm en t in Shanghai J iad ing B reeder Farm

show ed tha t the new techno logy can save 35% of

the p ro ject investm en t, and 65% of the opera t ing

electricity charges w ith good direct econom ic

benefit in com parison w ith the trad it iona l

techno logy.
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集约化猪场粪污处理工艺的研究

李长生, 王应宽
(中国农业工程设计研究院, 北京 100026)

摘　要: 根据我国集约化猪场排粪方式和粪水的特性, 提出了采用人工清粪方式、固液分离机+ 沉淀+ UA SB +

SBR + 水生植物塘的污水处理工艺和猪粪 (渣)堆沤发酵生产有机肥新的粪污处理工艺。经上海市嘉定种畜场污水

处理工程实践证明: 在保证污水全面达标排放和猪粪 (渣) 无害化处理的前提下, 新工艺比常规工艺节约工程投资

35%、节约运行电费 65% 左右, 经济效益好。

关键词: 猪粪处理; 固液分离; 沉淀; 厌氧池; 好氧池; 堆沤发酵
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