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Comparisons of Physical and Chemical Methods for Dealing with Biologically
Pre-Treated Livestock Wastewater as a Post-Treatment
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Abstract : The combination of biological and physical/chemical technologies is a promising technique to reduce highly
concentrated pollutants in livestock wastewater. [t is suggested to treat livestock wastewater efficiently as follows: firstly,
biodegradable organic matters, nitrogen and some of phosphorus should be removed by a biological treatment process and
then residual non-biodegradable organic matters, color and phosphorus be eliminated by physicochemical technologies. In this
study, therefore, the integrations of chemical coagulation, activated carbon adsorption, Fenton oxidation and ozonation were
evaluated to provide appropriate post-treatment processes for biologically pre-treated livestock wastewater. After chemical
coagulation followed by ozonation or Fenton oxidation process, the quality of treated wastewater could meet the discharge
limit in Korea. However, a yellowish brown color still remained in the treated wastewater after a single method such as
coagulation and Fenton oxidation was applied. The ozonation was found to be the most effective technology for the
decolorization. Neither simple biological nor physicochemical treatment provides adequate decolorization and sufficient
depletion of organics in livestock wastewater so far. Consequently, the integration of Fenton oxidation and ozonation with a
biological treatment process is recommended to treat livestock wastewater in terms of removal efficiency.

keywords : Biologically Pre-treated Livestock Wastewater, Color, Non-biodegradable Organic Matters, Phosphorus,
Physicochemical Technologies
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Fig. 1. Schematic of the ozonation setup.
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Fig. 2. Results of chemical coagulation using PAC and FeCl; - 6HO as a coagulant for biologically pre-treated livestock
wastewater; (a) and (c) with different dosage of coagulants, and (b) and (d) at different initial pH values (B.P.W. :

Biologically Pre-treated Wastewater).
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Fig. 3. Results of ozonation for livestock wastewater pre-
treated with biological and chemical coagulation; (a)
at different ozone contact time, and (b) at different
ozone contact time with different initial pH
values(A.C. : After Chemical Coagulation with
PAC).

Journal of Korean Society on Water Quality, Vol. 20, No. 2, 2004



14 HBS - SMY - AB - HYS

gk 33 colore] A$ %7] 1087 upx|2} 102 J =l
7—21?1@&%1&11%*5%%%@"4 e 2
Zo) 93l 4A 43l FEHA G Ax AAE Hbﬂ
Mg FEI 20 FYojor @ Ao 2 FotHTh

QF] AV # RVIE Edirgl AM pHE &
g QAF9 shielth ole pHIL F7HEFE #4138 2
Zo|l 3t & AR whgo] 7i&sH7] WYrow
BEEo) EA8A o BAA wF f71E9] BN =
7] pHE Edeo FRo) wet Zaj71dw el 7
2 9L FE QAZ gEA Atk olHE LEHY A
ARk 48k S gge] Rkl o .E A
R B&E AU Hegd Sk e F
Foll wet wsisit). weby SAMeFS pHE 59 102
2 %438 CODS} color A Ae] gk 27] pHS] &
vhelslaal @& kst AES FYstAen 1 2RE Fig
3(byell VER AT

Wz COD ¥5E vlwstd &7] pH7b 109 BA$
pH 59 wo] Hl&) 10% W2 =A VehgAe u

2

Z7
3
o] AojA5E 1 Aol vjujshl BEIAT.
= AAR Qojre Z7] pHY FTo] AIAE 7
R

A
Fe BAEA Ytk dEHLZE 27) pHol BE A

2
re

22l COD ¥ colore] ZraZde] & zolg YehiA
2o A7) H5eh go] ARo] tisln AETHL
Aglg Fgo] dsiMe pHY Fio] atA] =A

& 5 Utk ole Y, WA FFo] o= F
oz $AEA AEstn YA S-S uldith

A3 ARHEL SHAR 3l Mg F & UHE F
398 AF S Fo FAN JHEH FHEASO
Ao} Mgt EEIAT Arslans)A @?@401] o]}
W oA s Aol glo) 0EW F 0leg FA A%
g 79 Ev) Z&o st {71E H COlOF-4 X‘ﬂﬂi%ol
A"k gt 2ev oleke w2 Contreras et
al”9} Maletzky et al'”¢) 7Aool ostd |3t A2
o] LA A" w IF HivF OH oz Sca-
venger2 Z-&3A Hi A o] A HudtA FUAHH
wa 2gog latd Helggo] FAETI Rusth
o] B /éf?‘:}o]]/ﬂ‘: g3t AFER SPAA & Y

L &2 [0, &2 T ofr 1=

oL do fil N

°
=
%

e WAL 29 BT BE A4 T H olge] 93
oot Bagel HAE Be Aoz wRad,

313, EHAJEH E&

e 7 ﬂﬁl%— AR 25 AESH AHye 2
o A Fams FEADAMA HEHI e RS
FA7NFE WEANL F UARort dstE Y oE 4
IH(RE HEAIZE 60BN A MHHA gl XHToP f
71Ed, 53 979 AxE Jehlle SFES AASD
Agge FAUES HLFAI| A %"é % o83}
489S FyYsiEnt 2 JY By gy 489S
%3} Freundlich & F22ld) g3} F4 % 4L F U
o o] W A7RY %7 TOC TE¢} colors Z4Z 64

=SS EEX] M20H H25, 2004

100

(a)

Surface Concentration(mg/g)
L)

10 100
Equilibrium Concentration(mg/L)

(b)

TOC fraction remaining(Cen/Co)

0.0

0 5000 10000 100000
Bed volume(mL)

Fig. 4. Adsorption isotherm(a) and breakthrough curve(b)
for livestock wastewater pre-treated by biological,
chemical coagulation and ozonation.

mg/LZ} 105 CUoth

5& FAAe AS4E FIAT Y HA¥ Zd
g=KCe'"2 HHE+E Freundlich & F2e) A4 K
% e 5e FF FAFig 4@)2 Eéﬁ& A 4z
0.01887 1.71479¢ & 4 ok =3 Fig. 4(b)ol et
W ule} o] EBCT7} 15 29 o Bed volume 90,0001 A
Zrdo] steady-state AHEjol] o]2A HYn EPAITHE oF

199 AEolth 9 o] W AZHS) MEE 28 CUZ
24590

32 ME A8t Y A BN

B AgINE Fa05) 4RHE AD5E AE 2

ST ZIY BAVS o168 FHUL WA A

qixi ﬁil_ 2bstel HA 210E golr7] fiste Al
F49 TEE dAA s FFEIDY FE=E 1,000%
E] 6,000 mg/L7hA] RSAIA FUASHAT o] o) Fikstea
9 ¥5= AE COD ¥x9 o 1.08Z 3ted 1,000 me/L
& Fsgen 1 Axe Fig 59 JEebd wieh 2t
24:9] COD FEE 895 mg/Lolgley, 3¢ AN
FE7t F7VEEE 195904 76 mg/LAA] AEHHOE A
stglth. spAITE APEIDS] 5,000 mg/L oo FUE
735-olE 4,000 mg/Loll WIS &eiA] @] FH F7)



Zpus MBS Xalfo| $X2IE 9s 22 - S5tA Tl 28 ula

115

HhH 25 CODE =24 wWskstA] &9tttk TOCS color

A4 A coDel AAS} fFARE A venlgled
AAINS] FEE 4,000 ngLE FYHI}IYLS @ TOCS}
colore 59 mg/Le} 107 CUR EA =gtk o] & 32k
o] F9¢] ¥r7} /1442 TOCS) colors zhz}b 45 me/L,
84 CUZHA| ZHAadtA o AAE FeFo] Hlg) dsEs
&8 A o) viny g2 AR FIFHAG

9le] APANE uvigtow FAHAINS FUFES 4,000
mg/LE 4AEA stm ka4l FAFES 500004
4,000 mg/L7HA] F7HAIA HAFH S4F FAFH 2 HES
Z7] 9% APS FPSAt o] w ¥HE-AZE wES- pH,
aEA A FUAF 5L oldY A¥PxPY FUsHA
=

A% A= Fig 5(b)9} 2o CcoDE A2 A 895 mg
/Lol A #arslea FQ)ake) Frbeh g 155, 91, 82, 75
mg/LE Tzt 115 mg/L7bA] oAl S7ketdo =8
Frkglpde] FYPFS 2,000 LA F7HAEES W
TOCS} color: 52 mg/Let 90 CUZFA Az 7245k 3t
Ak olF H7tE itslgade] FUMESLE O e &
7} 63 mg/lLe} 161 CUZMA] Azt et 4Hshyhgol
AHEER] o4& vvkg FH il 4v)t CODEeE U
Uz ojzie] ez FHrld Afde OH oz
Scavenger®2 283l {7]&

_\2 r.?‘_'

g Ax AAL] FardE A

38

COD and TOC Concentration{mg/L)

FeSO, Concentratien{mg/L)

H,0, Concentration, mg/L

BPW 500 1000 1500 2000
3000 h )
2500
- 2000
< s b
E_ ow
= 50
=]
20 04
£=
£S5 2% 40
§5
o8 200 30
g3
£ w
a
=3
<

FeSO, Concentraton(mg/L)

Fig. 5. Results of Fenton oxidation for biologically pre-treated livestock wastewater;
H.0s(fixed) ratio, (b) at different FeSOu(fixed)/H.O: ratio (¢) at different FeSO4/H:0. concentration,

(Dhun 200
COD and TOC Concentration(mg/L)

(ySm)uonenuaue) 4- L
COD and TOC Concentration(mg/L)

oz getgdh T3 FAGACNME A &FH0 2 7} W
HoEH EEA9 F@Ao] odglEr Ridshe @Al
=l

ol F AYENE n|Fo] B o A3 ok
(e H& FPul= 142 4&‘,&9_111 olE Hlgo R M
S0l w2 HFH FPFL et kA
o] =xE (D 500/2,000, @ 1,0004,000 @ 1,500/6,000,
@ 2,000/8,000 mg/LE W3pA|A 71 FUZF oA A

& P&
2 A Fig. S@eIA R v} o) CODE Ha A
895 mg/LollAl ezl F 1810)A] 68 mg/L7}A] A HEHog

Zadtgda, T-P 555 ZE A5olA 03 mg/L o]3l2 &
AE2lon colord] AALL HA 88.6%, Hil 97.8%=
Pz ok FtelAy A F=71 1,000/4,000 mg
/LY w MEE 107 CUeIglen 1 H27F 1,500/6,0009]
A] 2,000/8,000 mg/LE =718 Zbzt 713 63 CUR 7

A9k,
AHon AALE, FE FUFel UE AAA, ¥
A A 5 ns ¥ oW 4sEes ALY 4

o] FE S-S 913 st/ AE(INe] HE
Fdule 142 ddsn O 35 #E A Al CoD

FEO 1000 ng/l)E /1EOE 212H 1,00034 4,000 ngll
2 uepdoh 99 ZdA A" &

Ak a=2]  CODmy,

(ndnun dojoy

L M R g ar

A5

e e

1.8(1)
Reaction time(hr)

1.5(2)

(a) at different FeSOy/
and

(d) at different reaction time and reagent injection method.

Journal of Korean Society on Water Quality, Vol. 20, No. 2, 2004



116 BT - BMH - AT|8 - Hds

SS 28]l T-P 5 77t 36, 7, 02 mg/LE EAH o
A oo Wi Ve RS FAVIERES WEAE
& YA

Mohanty 9} Wei'Vol o3ld #HE Aloke] thetAl F9H
He dA F9o vis) HYPEEE tah F7ME A
1 &gk o]i= OH gljzre] ScavengerZ 243l #4k
Sl TEE HAAA FFFER AEEE F
AN 4 d7] WFolth Fig 5(d)ol vreRd uhel ol 1
3] F¢o) gt COD 5+ 107 mg/lLolx B8 FPAY
(1) 308 zt7 23] (2) 158 744 33 a3 (3)20% 7+
33|z B F9Jol oigk zHzte] COD FEw 115, 105,
108 mg/LZ E4=AG ¥ F 27 Piseiy vx
= 13 FYA 3 mg/l, £ FHAE Al B BF o
8mg/L o3tZ EAHAUTL AFAAHoZ 9o AN It
g4 28 FYo 9 aAxte Qe Aoz FFHS
on olz HE A3 wHEA] FUE FseLY FEVH
OH tjZ9] ScavengerZ A48 18 &4 ¥8 ¢ &
ek A HHEAIZESE 15AZEe 2 F7EAZ]L A9 COD
7} 97 mg/L2 BAEO] 1AZ HIE AAEC] o 1% 4
satgen Adsleas Hhex719 308 F 230 AA
E2189E w= COD7} 88 mg/L7hA] Wolr] A A&o] 2%
AE FEHAST

322 gEl &t

Ao A AFg bl 2ol FE g § 49 COD,
SS ¥ T-P FxE FAVE olE EAHAAT H=rt
100 CU o]dog HmF &4 veht oS TAE S48
38 o143 color AA HA¥E FYEETH B APAA
o] 27) TOC % ¥ M= 2z 40 mg/Ls}t 107 CU9]
Stk 1 A Fig 69 2 FF F4E& 48 F U
2 97 &9 K9} In g2 Zhz 1.6289¢) 0.02440]%]
th o]E & A9 n g2 AT & AE AR A
Hg vl =A Jebded ol % Axrt "ojF e 9
vlgt}. Fig. 6(b)= HE Aspubg Fo Aol i3 vt
FZA-g vl Aol EBCT7) 158Y wl bed volume
120,0000) 4] Z}&o] steady-state “Fejel] o] 24 ) o] uj
Ao Axe 82 CUR BAFHAT 3T o2& A
o g 9AZ 49 FEHE FHEAZ o|He] H¥A
7o} vus] 2 uw bed volume 15,0004 29 CUS A%
g Jehdoz A d334E oF 30 CUSE 3HE 79 bed
volume HA] 1/6 oJ3tE Z4AHS & 4+ Urtk

33. HE M3}
Aol A AFE u}

A g T2

wo
T
>
o

gl Ao e
ARo FAF3E
TE Agstazl 2 dFoAs oF S HEEd
Horor o Ade oy Fig. 79 vebd nke} gk

## COD$} TOCE HME A3l A 9603} 235 mg/LojA
A8 & 1433 53 mg/LE ZAFHAT AT 2,865904
112 CUZ 7AHth o] & Fite] @& W78 o8-8

i

gm0
29,
py

= e

AN
tio

2
I
-
LS
I

>

S SEAES|A| H20H H25, 2004

100

(a)

Surface Concentration(img/g)

0.1

10 100

Equilibrium Concentration(mg/L)

0.2 A

TOC fraction remaining(f¢Co)

0.0

T T T T
0 5000 10000 15000 120000 140000

Bed volume(mL)
Fig. 6. Adsorption isotherm(a) and breakthrough curve(b)
for livestock wastewater pre-treated by biological
method and Fenton oxidation.
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Fig. 9. Gel permeation chromatograms of physically and
chemically treated wastewater.
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