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Effect of pH on the Degradation of 2,4-Dinitrophenol in
Sequencing Batch Reactor Process
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Abstract

Substrate inhibition of 2,4-dinitrophenol (DNP) degradation was investigated using
activated sludge which had been adapted to mineralize DNP. DNP is a metabolic
uncoupler, preventing cells from making energy for growth and it has been suggested
that pH may be important in mitigating effects of uncouplers. After acclimation of
the activated sludge, the effect of pH on toxicity of DNP at high concentration (75
mg/L) was investigated, over a pH range of 5 to 9. DNP inhibition was found to be
strongly dependent on mixed liquor pH. The DNP degradation rate was highest in
the pH range of 6.95 to 7.84; at pH 5.94 degradation of 75 mg/L: DNP was significant-
ly inhibited; at pH < 5.77, DNP degradation was completely inhibited after approxi-
mately 30% of the DNP was degraded. By comparison, no significant effect of pH
variation in the same range was seen on glucose uptake by the activated sludge cul-

ture.
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Reactor, SBR) & Al& 34 FEHed A&
10mg/Le] DNP#f#e] JNEMAZH 2, Hike =8
FiFo 2 KNO3E EASIEC. EsE5
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250mL HFEe HF2423 KEMe 200mLe
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Fig. 1. 25 23td Q42 ¥4 wg2(SBR) Al2q,
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Table I §4&2iA& o8¢ Fapaa wgzo
pH 9% 4y =1,
Variable pH Effect

DNP (mM) 0* and 0.41
(mg/L) 0* and 75

MLSS (mg/L) 1,269 - 1,603

C:N ratio (g/g) 6

pH 5.0-9.0

Reaction period (hr) 66

*glucose control

Solids) 2 1,200mg/L¥€ 1, 600mg/L 72| ¥
Az k. Table 1o FalA3 e Wi
RS EdAo, =EHEMe EtesiAd W
£pe] A REE 3o EEEA] B
iF2t ik (75mg/L)e] DNPe} 84 A4
I, #2423 MR Eil< Gyrotory Model
G2 R4 # (New Brunswick Scientific Co.,
Edison, NJ) & Al&3le 7|9} g 8o REA
Zow, EEEE 200rpme|glon WS
HiR (22 £ 2°C)elA 3.

EtEe Ao 23 DNP {H#e] pHel digl
ML W& 93, pHE 5%E 97
#{cAHY. pH HeE 59M 9717 BES
BH=Ev, pH& 5°|32 ¥& 479 oE
w R EEc] DNP 4B RcEshe] Sihs HIR
g 4 U3, pHE 99|42 Y 7fde
sladlgely et & ERERMECN =
e AEo| ke 4o FATTE 3
Al =7] REeolct. E¥Ade pHe SEFiEH
(0.4M Na,HPO,,0.4M NaH,PO,). ®(0.2M
citric acid, 0.4M HCl) ES&(0.4M tris) F2
EASIE KHEl #msEc. 2 REhEY
Wi B & Table 20 el £ 4dHd
ArEE R BRiNERS pHE 6°]3u 8|4
o2 Wimgdde &R ReHoh. Citrie
acid9} RS2 pH 5E& 95%3m, pH
08 7] 98l trise} HC1& i+ Adlgict. DNP
7t fle EttesiA s pH MEE RAEkslr 9
3t WHHEES - XKE AT &4 pH B4
dAM e FEEEIAY EREESE MMM (con-

Table 2. pH Hi3}lo| 88 ¢F8A52] pK, &
(25°C)2 ¥ = pH 8622 w37 2|
Fgl~3 WEgE2Y Fx7F 7z 0.2M<2
Tris2} HCIE AF&-3titt.

; Concentration
Buffering agent PR in medium (M)
Citrate 3.14, 4.77, 6.39 0.1
Monobasic phosphate 7.21 0.2
Dibasic phosphate 12.30 0.2
Tris 8.08 0.2

trol) o 8 {#FH3slYc. #HEMES Shimadz
Model TOC-5000 #A ¥ 3 5 ¥r#8 (Shimadzu
Corp., Kyoto, Japan) & Al&3td &t A
RF(DOCY2A FEIADG. ddHe FF
DOC3 2 St~ REER WhME BRES o
3 BERETRAES Ao —EEsd. 2 pH HH
dlXe] WEhE SRS A7 5mLe) R
¥E v 108 A2 FHEE ALESd &
el ¢4 sd wrzbx FEsic. DOC
##le 0.2m polycarbonate membrane filter
discE E483 YF3sld WAAZAR, DOC
¥4 Ho| 2N HCl 2uH&& 7}l metdik A1
c}.

DNP =& 337 A3 e Feh2=
2 e ES3E AMEsld 23 AT
Aoz Hustdct A¥lte HRE B 0.2m
polycarbonate filter(Nucleopore Corp.,
Pleasanton, CA)E RZSH:8A1A Ukdh &%)
= #HHIAIA1 7] 98 4°CE FAET e
HA A fREsAT. FHEEE (Model UV
160V, Shimadzu Co., Kyoto, Japan)2] i
Wt 260nmel A FHEHRN DNPEE #)5%E 3}
A, WeEhimEe FEPdRFAAAE AL
of MLSSZ #iEstdct. ¥ Hehx=3a KWHEA
“iie pHy Orion Research Expandable
Ionanalyzer(Model EA 920, Orion Corp.,
Boston, MA)% Orion pH probe(Model
910600)& Al&3te 2z} WEERHUEM ] #I%E
3 ot
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Fig. 2%} Fig. 3= R KBRT DNP 7#fHR
o, #&e FHE mEMselA g3 K
FEFSE WERERIC MRETEHZ FHSIA of
o] pHte =z REEAAC}: 5.16-5.24,5.77,
5.92-5.94, 6.95, 7.84-7.86. 8.62-8.68.
2E E2l23 g K] DNP e
T5mg/LE &t ch. ¢l Whell UM, ‘K
DNP5#5%2 pH i 6.95-7.8414 T3
t}. o2 7kA] Midsy REGEERD S WEHER
o FEHEl wotert Ok KMEHAEEYS &
He] 713 EEslsn o|E pH 6.95-7.86 #
ol Ae 4/02] iRl el AT &
B E Table 3o Jeliuct. DNP5#E] U]
A #EHF AEE pH 5.16-5.942 #il#ol A
g, pH 8.62-8.689 #i@dAMe
DNP ##7F %4 =%, Fig. 4= pH 5.75,
6.95. 7.94°0A FWEMES mE/NIHUA EEHE
o3 Y EahaAa REEIM HRE

100
© pHS5.24 * pH7.84
- © pH594 ¢ pHS68
r 4 pHG695 * pHST?

DNP (mg/L)

80

Time (hr)

Fig. 2. A2 o} pHelA @A E2|A<] 2§ DNP
¢ 2324, 27] DNP = T75mg/L,
MLSS =+ 1,292mg/L ¢|%ic}. Error
bars= FHAU4YS HIFAZHEH +¢ £ 1
standard deviation °|t},

¥ BT TR (control DOC) S S
B F3 At Fig 4914 & 4 Sleviel &2
o, Wk 7 pHe Hald Ay JES
wz] gz UdEE Yepi sl

A pH KRR E 5E @ % 3%<]. DNP
c %< pH #B(7-8)Hin @& pH wHB(5-
6)olM #HiFel 0% Y. O BHA=, DNPe
pKagte]l 4.09% &Mt HE =AM pH7l F71
gol]l wel o]t O f FUEHUY WEoE
T 7 UG, YelME AdFFuie}t Fo], o]
3} = # %< (protonated form) =M= #ik
S Fold gA MRl MlupolA Kol
£& A Ha o|AEL BRI OH 9
sl fiRBAte] Tiol FulE gl
=2 Em{LtE #E{L(phosphorylation)& '
3l 5t ATP(Adenosine triphosphate) A Ako]
FOEYE ol LY U F, o]
2l DNP= #HE® &t¥ (uncoupling activity)
o] A3 #ME HI=RE JFHIn UAY.
Sprague®' 7} FiE3 vlo] o3, ol H
BorTee Bu A #RES &% +
7] d e o2 #HES HA €3 siHen,
o]2{ g Fik< DNP#HMEL pH’l #mg+=

100
® pHS16 -~ pH 7.86|
® pHS592 e pH3é62
80 < s pH69S
E
2
]
60 80

Time (hr)
Fig. 3. Fig. 29} #A1g¢ 2ol FH4¥Y DNP

B&)=M, Errorbarsy: FEAYe "z
2 el 7§ + 1 standard deviation o|c},
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Table 3. Fig 2%} Fig 32] pH 6.95, pH 7.84, pH 7.86 28] 24 2| 0a} ¢+ &&=,

Test# pH Rate Constant Maximum specific degradation rate
(mg-DNP/L/hr) coefficient (mg-DNP/mg-MLSS/hr)
Test 1 pH 6.95 7.57 £ 0.16 0.0058 + 1.23E-04
(Fig.1) pH 7.84 8.03 + 0.04 0.0062 + 3.09E-05
Test 2 pH 6.95 7.52 + 0.05 0.0059 + 3.94E-05
(Fig.2) pH 7.86 894 + 0.10 0.0070 + 7.88E-05
e EEse A RuEthE A, DNP
¢ PpHS3TS i t oM REE & 7 Je A7k BEE
] ;
: :ﬁgﬁ FrholA] pHel UI¥ MBS WHE AN ME,

06 08 10
Time (hr)

Fig. 4. /2 C}& pHelA dlZX E(control) #4HE
2z FelA3 dhgRe &34 {FrEx ¥
HZFH, 27] Ex22 =& 40mg/L (as
DOC), MLSSHZ+ 1,603mg/L °o|%id).
Error barst= F84%2 HaAA=5e ¢
+ 1 standard deviation °©]t}.

MAEDE X WEiERE AT U
a2y #fEe] fle WERY oMe pH 8t
of mat M3 FFE LA Y USeol U
ot & WHMES ®miwEe DNP7l /Y B
KE EEYUY fMERFRESZ ANRIGE H
ks BIRTET o2t ety WS
Mg S HAF WHE + UM o
g WE7E YIRS EKE G

b. % @

EiREg, SRl A DNPsr#ge] ol g

ST R, e 22 RS 4o

1. DNP#fige] SloiN HZE HE= pH
5.16-5.94¢] A BE=AUL, pH 8.62-
8 68¢) #i@clAE DNP 5HR7F oA 3ot
olo]t]§t Hie, DNPy pK,ato] 4.099 55
Bt WHREA pH7I #m¥e] wet ol 2271
oL WAEHAZ] Wiz & 4 3.

2. pH 5.75, 6.95, 7.94°4 W& U2
RE/ANUA BHE FHFIL Ae EFGz=3
R flo] A o] 7 pHe| #ibell M3 Mg
Wz gt

3. ol&3 = A g2 (protonated form) ¥ =
e MRS F3ld A s #izfgl
A kFEo| & #HHFA H: oAEL MR
o] B/Fe] OH ¢ K3t MlIERel KE
ol FHlE gl FIZ Mkt WERiL
(phosphorylation)& % 3] 3« ATP
(Adenosine triphosphate) ko] HE=E =3 &
KERAERE $3lod HREY + e, o2
3l DNPt #E3 &M (uncoupling activity)
o] 1 HFMLE HAGe=HE HEIING.

Mo 2
A R e £ B #1484 M (National Science

Foundation) 2] %R HiRe = ZITHAY —
o) n]  o]o MME ZARGUCH
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