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ABSTRACT 

A repirometry study were conducted to assess the effects of inhibition on the biological 

treatability of petrochemical wastewater from influent of harzardous wastewater. 

The constituents of wastewater to inhibit biological reaction were unbalance of nutrients and 

high sulfate concentration. From the results of respirometry, the critical F/M ratio was 0.055 d-1 

for the biological inhibition effect, the kinetics of petrochemical wastewater were significantly 

different from those of municipal wastewater, and the optimum mixing ratio of normal and 

harzardous wastewater was 10%. 
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Table 1. Flow Rates of Petrochemical Wastewater from Various Process 

Sample 
Point pH CODMn SS Phenol Oil 

Total 
Nitrogen 

Flow 
fraction (%) 

HEPE Pond 6.4-6.7 149-246 161-596 0.1-0.3 49.2-48.4 1-2 13.16 

BD 9.9-10.1 2,393-3,491 2-10 0.5-0.3 5.2-12.4 301-294 2.02 

BD/DPG Pond 6.8-6.7 10-20 4-6 0.1-0.2 0.5-0.8 3-11 1.77 

BTX Pond 6.4-6.6 62-65 2-4 1.2-1.3 0.4-0.9 2-3 0.55 

Tankage Pond 6.5-7.3 354-238 50-65 22.0-9.1 2.9-13.8 189-64 1.00 

NCC Chemical 7.1-10.4 449-480 29-54 14.2-15.2 18.9-35.1 90-118 1.70 

NCC Oily Pond 6.9-7.1 207-199 16-21 33.0-21.2 12.4-13.0 13-14 5.64 

NCC Spent Tank 4.4-7.2 4,280 - 1.857 31-61 106.0-99.7 4.7-11.1 3-4 35.69 

NCC DS BID 8.8-9.0 455-484 1-2 11.3-14.2 1.3-1.6 333-432 38.47 

Table 2. Analytical Results of Petrochemical Wastewater 

Items Unit NO.1 

pH 7.3 

Alkalinity mgl I as CaC03 205.0 

TCOD mg/ I as CODer 761.4 

SCOD mg/ I as CODer 567.0 

BOD mg/I 315.0 

SS mg/I 236.0 

VSS mg/I 122.8 

TKN mg/I 78.9 

NHrN mg/ I 13.959
 

N02-N mg/f 0.006
 

N03-N mg/ I 2.717
 

T-P mg/I 0.406
 

P04-P mg/f 0.170
 

No.2 

9.0 

335.0 

334.8 

0.0 

0.0 

0.705 

0.167 

0.013 

0.012 

No.3 

7.3 

1067.0 

998.0 

4.0 

0.2 

81.2 

0.855 

0.035 

0.778 

1.242 

0.943 
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Table 3. Analytical Results of VOCs in Petrochemical Wastewater 

VOCs 
Cone. 
(ppb) VOCs 

Cone. 
(ppb) VOCs Cone. 

(ppb) 

Vinyl chloride 57.9 Toluene 35.1 1.2,4-Trimetylbenzene 2.9 

1.1-Diehloroethylene 4.6 1,2-Dibromomethane 19.4 1.3,5-Trimethybenzene 11.8 

trans1,2-Dichloroethene 10.0 Tetrachloroethylene 7.3 sec-Butylbenzene 41.3 

cis-1,2-Diehloroethene 2.8 Chlorobenzene 1.35 l,4-dichlorobenzene 6.7 

Bromochloromethane 21.3 Ethylbenzene 13.2 p-lsopropylbenzene 35.5 

Chloroform 2.7 m,p-xylene 14.1 1,2-Dibromo-3-ehloropropane 60.9 

1,2-Dichloroethane 7.4 o-xylene 151 D-lsopropyltoluene 344.7 

1,1.1 -Trichloroethane 11.2 styrene 401.6 1,3-Dichlorotoluene 91.6 

1.3-Diehloropropane 4.4 lsopropylbenzene 1.3 n-Butylbenzene 19.3 

Carbontetrachloride 1199.8 Bromobezene 2.9 1,2,4-Triehlorobenzene 213.8 

Benzene 2.0 2-Chlorobenzene 14.9 tert-Butylbenzene 4.7 

Bromoform 58.2 n-propylbenzene 2.3 

12 01 ~ ~ . -? B ~ 

A~"5~~%~ ~~ ~~£ oJFJ--Bct. 

No. 2i!l1'T-.9J 7~H-:C oa°J=~.9J ~-rr~~ ~{!-~ 

?f:I'Ell.9J ~1 .9J"5j-o:j A~"511~%% ~% X~£ 5!.°11J'j, 

No. 3i!l1'T-.9J 7d~~ 6j%:§j-~1ll1'T- ~oJp·~.s:. Q}AJ 

i!l1'T-£ ~Dj~ ~~1J'j, 2~.s:..9J %71%% ~%"5}2 

~~1J'j ~{!-~~'Ell.9J ~] 62,~9mg1 P~ 

E}y. °1oJ] rjJ~ A~"5~~%01 llZfW ~~ 

Table 3~ No. 1i!l1 'T-oJl rjJ~ VOCs.9J 

~ y.E}\R ~ °1ct. ;0 EI3 (1984) oJl .9J "5} ~ 

Xylene.9J ~"5~ ~71]~.s:.~ ZfZf 25Orng/ P, 46OOmg1P 

°1"5}£ 5!.2"5}~:CL~1. ~ ~TrjJAJ- 1111'T-.9J 7d~, 

o]c~~ VOCsoJ] rjJ~ A~"5~~%.g- p]p1w ~~£ 

5!.~q.. 

Fig. 2 ~ 6j%:§j-~.:g-AJ-.9J '6~i!l1'T-(No. 1)~ 

j.Hl"5}O:] F/M1:I1~ 0.008-0.076 d-1.9J 3':{!~ ~4"­

2 Am-oj] ut~ {!-~~1:I1%(OUR)% ~~J"5}O:] .".-3J 

~ ~~ 5!.°12 ~~1J'j Fig. 3.g- ~~i!l]'T-(No. 1) 

~ t]1 J.~.:2:. %~% 2 Dj "5}0:] y.E}t]1 ~ ct. .::I ~ oJ1 A~ 

F/M1:I17} 0.055 d' l O]AJ-oj]A~ 4A1{!- 01~oJ]:C J.~ 

~~ Y. 
5!.~ct. 

~~J~~ 

Phenol~ 

%~-3J Jt!-%01 7-j.9J ~J.~"5};>;1 ?i'~~1J'j, lOA]{!­

0]~oJ1:C '4{!-.9J ;>;1~1~AJ-% 5!.012 ~~1J'j, o]c~~ 

6j%:§j-~1ll1'T-.9J ~t:.]oJl -3J~~ F/M1:I1:C ~1~~ 

0.055 d-10]"5}£ J.~Zf-¥!ct. 

100 ,------------------, 

00 

eo 
E 70 
oi 
~6O .'/;._,.r"--"
goo 
a; 40 
<> 
~30 

20 

10 

o 40 
oL--~-~-~--~-~--'-----' 

60 eo 100 120 
Tirm, hr 

Fig. 2 

40 

E 35 

~30 

.a 25 

~ 20 
Q) 

~15 
0 

'0 

5 j./ F/M 0.008 

20 40 60 80 100 120 
Time. hr 

Fig. 3 Oxygen uptake curve according to F1M 
ratios(No. 1). 

Oxygen uptake curve according to F1M 
ratios (No. 1). 

F/M 0.076 

F/M 0.055 

F/M 0.035 

;;; _.---_ ....-._-._....._-_.- .. 



c
%~"§:}-'3:j'?.lA}~ Y, ki, Ks. S*, f.l. *, Ki, f.l. max -0 

O]q.. 

All¥.,r.g{!-lll'T'- Y~ ,r.g~"§:}-'3:j %~"§:} .2.t:.:l!oJ] A} 

%~~ 7}AJ- -FJl~ '?.lA} -F~ i>}t+5!.. ~]7-l-B 7] 

~ "if ,r.g{!--B ,r.g~]i!J=0]q. t.J1,r.g:2:.%~ ki~ t.J1,r.g 

:2:.~ u:j]{t-oJl 7]'?.l~ ,r.g~i!J=~ E-~i!J=% t+E}'&q.. 

A11¥.,r.g{!-1I]'T'-£t t.J1,r.g:2:.~ ~~ i!l]~,r.difc~Al~ ,r.g 

{!-~ oj]~oJl AJ-rti>] -FJli>}q. 

5::l:l1-B 71~:i!J- ,r.g,r.d-B ujAg% A}O]~ 0d'-e"§:}~ 

'?.l -t!}j]~ q%:i!J- ~q.. 

oj 7] Ai 

X = MLVSS ~ 5:., mg/L 

t=~~ A]{}, day 

S=7]~*5:., mg/L 

Y = A1] ¥.,r.g {!-11] 'T'­

kct: ~5::1!l'T'-, day-I 

(2) 

(3) 

Respirometry~ Ol~~ ~~2f2fJIjI~QI ~~l!l7f 13 

;;'t : 7]~ 5::1:l]%(U), l/day, 

( ~~): f.l. 5!.. 1E~-Bq. 

J1.= YXU- k d 

3.3.2 *~fQ{J.lIT2.1 ~~ 

A11¥.~ ,r.g{!-1!l'T'-t+ t.J1,r.g :2:.~~~ ~~C1J-6J l'IJ-l{joJl 

~t;~Ai -=jLi>}7]7} oH4- ~ifIq.. kd~ data point01] 

AJ-"ifi>] 'i.!~i>}7] u:j]~oJl ~~-6J ~~ 7101] ~i>}oj 

ki~% ~~i>}71~ ~ifIq . .:::z.c~t+ Respirometer~ 

o]%i>}oj 'fI71] -=jL~ 'T'- ~q. 0]% '?.lA}~ ~,r.d~ 

C~A]~ ,r.g{!-oJ] ~i>J:% Zf-t+ *~'T'-9] 'T'-~oJ]~ ~ 

Gaudy'g(1992):i!J- Milenko(l993)~ {!-5:::2:.*~ 

~~AJ-~]5!....!f-E~ ~.g. A]{}oJ] a}~ T~ {!-5:: 5::l:l] 

%% o]%i>}oj q%:i!J- ~01 ~%~t.J1~ ).g~ i!J=~ 

=;;-7}i!J=% 11]{!-~ 'T'- ~q.:i!.. i>}~q.. 

O2 uptake 
l!Y- f cv 

oj 7] Ai 

Oz Uptake : ).g~] i!J=oJ] ~t;H 5::1:l]-B {!-~ mglL 

Xt: Z{ ~%~ '1!!:i!J- A]:d- toj]Ai ~~ %~ VSS 

~5:., mg/L 

Xv: Z{ ~~ '1!!:i!J- Am OoJ]Ai ~~ %~ VSS 

~5:., mg/L 

fcv : 1.42-1.48 mg COD/mg VSS 

.!f1 -6Jg 0]%i>}1i:! A]{}oJ] a}~ ,r.g~]i!J=% {}{j~ 

~5!.. ~~Ht 'T ~~uj. oj7]Ai ~~a-B ,r.g~] i!J=~ 

5!....!f-E~ q%-6J% 0l%i>}oj 1:l],r.t;<J-~( f.l.)~ 11]{!­

W 'T ~q. 

log e ( X 2 - X t) 
(8)( t 2 - t l ) 

Yosu National University Vol. 2, 1999 



14 01 ~ 'E:j • ? i:! ~ 

Electrolytic Respiromter ~ ° l%ii}O:l non-inhibitory 

1!ll9-oJ] I:jjii}O:J f1 max9l- Ks~% ~1J"8"H=J:-1I~ Monoo. 

~ ~ ).t%ii}O:J 'fl711 .:rW 9- ~~nj Monoo. ~.g­

~ (9)£} ~01 .K~ W 9- ~q. 'i!-Q} 1!l19-7} llJ"6U 

~%% ~~71~ %~% W%ii}.2 ~q~ Monad 

~ .!i!..* Haldane ~% ).t%ii}O:J0l= ii}nj Haldene 

~.g- ~OO)~ ~q. Monad ~ ~ Haldene ~.g- 11. 

1!l]9- ~%oJl ~~ii}nj .....~% %Q:j"§} AJ9- ~ol ~ 

).d~c~A1 ~~i1 ~~ ojl~~~ 7j~ ~.7.1ii}71 trJl~ 

oJl	 .£ t:~ csoJl 3:j ~ ii}711 01%5'1.2 ~ qlZl. 

f1 max9l- Ks~ ~Adii}7] ~"6U).l ).}%-¥! f1 9l- S~ 

i:!-;>f]~ Fig. 601] t..j-Ej-41~q. 

(9) 

f1 = _----'-f1_max~___=S;;-_ (0)
S+Ks+Sz/Ki 

i'l]~-¥! f1 max, Ks, kJ, K;, S*, f1 * ~% Table 4oJ] 

~Jil-~'?.l .5:.).] ii}9-~ %i.1;j"§}~ ;>f]9-9l- 1:I]Ji!.ii}O:J 

t..j-Ej-41~~J:~] £lI:jj).d AJ4f.5:.( f1 max)~o] ~Jil- .5:. 

).1 ii}9-oJ] 1:I]ii}O:J ).J~ii] ';;t.g- ~% t..j-Ej-41 ~~uj 

~~ ;>f]9-(kci) ~ 0.12 d-l.£).~ -!ij%~"§}i!ll9- 'FoJl 

€,;;IU ii}~ A~"6U %~ oj] ~ "6U).l llf,<: ~ ~J'% ~.2 ~ 

g ~ ~ 9- ~q. 

Table 4.	 Ietermination of Kinetics in Petrochemical 
VVastevvater(~o. 1) 

Kinetics Unit 
Municipal Phelrochemical 

1:1] J!.Wastewater!1 Wastewater 

f1 max d- I 2-10 0.200 

mglL BOD, 25-100 -
Ks 

mg/L COD 15-70 400 

kd d- l 0.025-0.075 0.12 

f1 • dol - 0.017 

Ki mgU' - 13 

S' mg/L COD - 72 

• Inhibition constant. K;, in rng/ R, a shaping factor that 
a=unts for the r:eak and dEUeare in f1 for increasing 

concentrations of S in the Haldane equation for 

growth on toxic or inhibitory substrates. 
•	 Critical substrate concentration. S', in rng/ R. The 

concentration of an inhibitory substrate at which 
the peak in a plot of f1 versus S occurs according 
to the Haldane equation 

•	 Critical specific growth rate. f1 *, in time-I, The 
highest or peak specific growth rate attainable for 
growth on atoxic or inhibitory substrate according 

to the Haldane equation 

0.05
 
S'=72 umax=O.2
 

0.04 
u'=O.017 Ks =400 

0.03 Ki =13 
:> 

0.02 

0.01 
_.----.-.._..,,_.__...; 

halden. i 
a 

a 50 100 150 

S 
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mixing ratios (No. 3). 
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