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Abstract

The Municipal Wastewater Treatment PlantOMWTP), located industrial estate, has a problem of decreasing
nitrification efficiency. In this research, it was analyzed that effect of heavy metals and retention time to
nitrification based on operational result of laboratory scale reactors. And suggest improving MWTP operation
method for increasing nitrification efficiency based on findings. According to operational result, laboratory scale
reactor shows over 60% nitrification efficiency over hydraulic retention time(HRT) 0.5 day. However, the
nitrification efficiency of S MWTP(high heavy metal concentration) sample was lower than that of A
MWTP(low heavy metal concentration) sample in same operational condition. The main reason was heavy
metals in industrial wastewater. This heavy metals was acted as inhibitor to nitrifier in reactors. So, activity of
nitrifier was analyzed based on specific nitrification rate(SNR). The SNR of S MWTP sample shows 0.13 ~
0.21 mg NH4/gMLSS/hr and that of A MWTP sample shows 0.74 mg NH4/gMLSS/hr. As a result, the
activity of nitrifier of S MWTP was lower than that of A MWPT. In other words, retrofit methods for
improving nitrification efficiency in MWTPs located industrial estate were that to increase retention time in
biological treatment process or to pretreat heavy metal before being injected biological treatment process.
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22 PR steAegel I AdE AA gk ool R, 2|2}
A 4 skeA el 29718ME B o2 7S WEA
7] 9ol W2 k2g 7&o|1 Qltt. Eu o]ggh ko
Bkl R0 Wraof ostd, tre] sk oA W
T FAV|IES Zatete] wiEstal Stk 20179 YA
ol ZAFE AAIRY 155704 A5 steAeld 5 23704
(OF 15%)0llA HiRg 4 715& 237 Ao R ARSI
T3 RS o V)5S 2R s A e iR AR
9 AH] et 22 AAA ST =R AR]
ZAog URE|Qt), Ak skEeAe g 4 718 23119
F9 A2 A9 53R At Al EAIHoIgeH,
o= g ARIREE Boll AV M E 2 A HH 5= o
thu]E 4= Q1S Aolot. SkA|RE, Atdulet 22 AAX S &
Yokl A= 74 ol B4 sk Fa5 el
2 AR AR E Al AAIAE 23S F5lf of
ALY W ek a5l fYEs Ae :
ok, o Ads] e FERs sk RS a2 T1E
5ol olEgol Sl Aol
Al W FE5o] skl 900 JRs miAle 22
A2l olf= steAEH W LHdEE AAYE FETH AE
7lHto 2 5} Qiok= Ao|th(Lee et al, 20115 Li et al., 2016).
Fad 240 B2 A T4l 54 2 Aol 24= &
|Rh= AL ofn] tie] Axlof| olsf AehAQl AFEE Hie]
Hrt. 55|, daxeiel #E AL a4 kol 13t
sto] Aa H2g Qo a5 delof] 28 2 7]-&olok
S Aoleh= 7t A3t HHEZ|E sHglth(Park and Lee,
2015; Shin et al., 2013; Cho and Kang, 2008). ZAtslo] #|sf
E "Rl 8 99 S35 82 Nikel(Ni), Cooper(Cu) &
Chromium(Cr) 5082 ZAMQIEE o|et T2 Fa& 542
Asehto] 44 9 SAE IR T 1 F Ni9] gl &
Aoz BIET JQoHKim er a/, 2009; Kim, 2012; 944
3, 1999). olof] Nie] A5 Helel] i A7 =gl
™, Skinner and walker= 0.25 mg/L, Beckman2 3 mg/LE
AABETE. E3E Juliastuti 52 fFEUoM] A AFstof] o
Sk g 4tdlto] obdAtd AtshtEt Niell thal Biztsht
= A7 A= SRS 51 ck(Skinner and Walker, 1961;
Beckman, 1972; Juliastuti er a/, 2003). =g Atshto] Niofl
il Tshte A2 tRuobd Ha AR 27 Lol
A=ths Aol ol E5FAR BNk Pk vA
i A7} o]FoiA7] Gethe AL onldith oF A AaT
FTod ol Bt APATE iR AP FfRoA o]Fo]
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Table 1. Characteristics of influent used this research.

A qdolnl, 1 ol A 89 ok W Fa4
SEE Aofele] B4 ANSH 2 B EAlZ s
Be ofehgol] 9l7] ol

B Aol A 9 ok W a4 o] o

8 PA] Glstel Aol A1 S A A
toh W (87] MeH)E AP FuE BAst] 6
oh S SRR A7 g AMR AP gk 97
A iAol JeE e R As AL Gals) olol
A7 ghe BAe] 9] wheltt, BG4 s150] Fa4
] Aol Skels] lstel AEATE TMgoke 25
U REE skl AP I SR LA ANsE

o7 ANE vigom FFol sl At 9L
Motk g FF40R dla) Ak Al ofelgol g
sieAegel HRe o1 A Pere =Eskag sc.

¥R i

R

s

Mr & N

|

2. Aq8Y

2.1 ALY A4

AT e sk A71E S sheAedos
SA]olA] WYoh= w5 AAIA = ek Q= B 7}
T O Ae] g=RS 70,000 m¥/dayol™, £ Sk
63,000 m*/day. 0.2 A7 -gaFe] oF 90%2] -gFo] &
o}, E35t A7 i sl5A 232 DensaDeg® — Biofor®S 7]
o5 st glew, 2007dRE < 1097 PE Ut
DensaDeg® 42 15k Hajo|w 283 4= 9= 14 -S4
A gog Balolety A7) 7lEr TR 4 9lon, Biofor®
£ °] T AR AEolnt Fror 1 EXS A & 4 gtk

Ao AHH FUsE T 7R S skeAEte =
BIOFOR DN §=4-(BIOFOR DN (weekend)e} F%
BIOFOR DN -4&4(BIOFOR DN (weekday)E ©o]-85+31
t}. BIOFOR DN& #7]3t o]f+= Agell AF&Rt G471 S
Sl 2ol A AASHNitrification) ¥FEZE 991E= 24
(Denitrification) §F&-% f&4=017] wZolch. steA 2% #
Y ok ARt wet WA 9 skt Hatolr] wiEe] &
A ARto| MEHE T HE HHHE EAS ST 4= gl7]
off 24X17F &Rt 2AI%F FHA 0 = AfHste] St A A4
Hhez Goleg Zg3lgirt. Table 1014 BIOFOR DN
(weekend)@} BIOFOR DN (weekday)2] A4S A 2|5kt
Table 1& &3l &<l & 4= 21%°], BIOFOR DN (weekday)
9] L7} BIOFOR DN (weekend)2} vluste] th4 5%}

ro
ri
2
iR

W

=
a
0 Ml ore

o ﬁ (r}l%
K o,

r

s
=

Parameter COD BOD TN Alk NH;"-N Cr Cd Zn Ni Cu
BIOFOR DN (weekend) 473 121.8 14.7 342 114 ND ND 1.14 0.22 0.04
BIOFOR DN (weekday) 68.8 132.5 35.3 444 17.3 ND ND 2.11 0.32 0.14

A MWTP 78.5 110.4 423 288 338 ND ND ND ND ND

* COD, BOD, TN, NH;'-N, and Ni : mg/L
* ALK(Alkalinity) @ mg/L as CaCO3
* ND: Not detected
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2 Aow yeth 59], 559 7% BIOFOR DN
(weekend) Zn 1.14 mg/L, Ni 0.22 mg/L, Cu 0.04 mg/L%
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Fig. 1. Schematic diagram of laboratory scale reactors

:
2
|o
il
El
__)lix“

4= Qlek. Table 2= o|9f 22 ¥hgx A9

Fig. 2 ~ Fig. 4olAE= AYA ¥-8Z(reactor 1 ~ reactor
3)9] 27 A7E =5t Fg. 2 ~ Fig. 49] (a)& 317
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sl &, &4 U gRUoly Aae] FEE o
e, ol oA WA Qg oz woHr) o]
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4 o, ZARE AR 3.3 A HA
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Table 2. Operational conditions of laboratory scale reactors in this research.

Parameter Reactor 1 Reactor 2 | Reactor 3
Reactor type Batch (Attached growth)
Volume 3L
MLVSS 4,000 mg/L
Temperature 20 C
DO Over 2.0 mg/L (during overall operation days)
pH 6.5 ~ 7.5 (during overall operation days)
Influent (weelligcf ?&RWDelciday) (weelljflzgj %RWDeiday) A MWTP in Seoul
Media Before change After change After change
HRT 10Min ~ 2d 10Min ~ 2d 10Min ~ 2d
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Fig. 2. Operational results of laboratory scale Reactor 1
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Table 3. Summary of ammonium nitrogen removal efficiency in laboratory scale reactors

Reactor 1 Reactor 2
BIOFOR DN BIOFOR DN BIOFOR DN BIOFOR DN Reactor 3
(Weekend) (Weekday) (Weekend) (Weekday)
HRT 2 day 75 % 74 % 73 % 80 % 94 %
HRT 1 day 74 % 74 % 66 % 80 % 93 %
HRT 0.5 day 74 % 62 % 65 % 79 % 89 %
HRT 60 min 6 % 8 % 8 % 9 % 62 %
HRT 20 min 6 % 10 % 4 % 8 % 4 %
HRT 10 min 5 % 9 % 3% 7 % 3 %

3.2 AU T (B35 sk T

Fig. 5% %914=2 BIOFOR DN (weekend), BIOFOR DN
(weekday) 9 A MWTP=E F-Esto] AlFAZE H Aiteles
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FrE daH 3% 5= met BIOFOR DN (weekend):
middle, BIOFOR DN (weekday): high @ A MWTP:
low(ND)& “&at3ct. ofefie] Flg. 58 Fall $a5% 5=l
ot Aitekas =l & 4= Qlrh Fig. 5 (@) ~ (0) 0.5€ oV
Z0M = Al Fa BTl datakgol oF 60% o9l 7k
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3 2 5191 & 4+ 9k o] F HRT 208 of5te] A2
LA G944 B de GRS B 334 St e
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o2 wdEn o2 EA9] shtE BIOFOR DN (weekend) 2}
BIOFOR DN (weeckday)®] #4telk&o] AL Ei= BIOFOR
DN (weekday)7t &2 Z& & 4 rf. BIOFOR DN
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Fig. 5. Comparison of ammonium nitrogen removal efficiency according to change of influent
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o] Tus UL Qs RopHiths Zloltk o] F29] 2]l Table 4. SNR in laboratory scale reactors
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Fig. 8. Ammonium nitrogen removal efficiency according to HRT
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