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Bacterial Degradation of Monoethanolamine

Jun-Taek Hyun, In Hyoung Rhee, Sung Hyun Kwon', Dongjin Kim®, and Daechul Chot
Department of Energy and Environmental Engineering Soonchunhyang University
646 Eupnae-ri, Sinchang-myon, Asan 336-745, Korea
'Department of Marine Environmental Engineering, Inst. of Marine Industry, Gyeonsang National University
“Department of Environmental & Bioengineering, Hallym University
(Received : 2007. 5. 18., Accepted : 2007. 6. 20.)

This study is to investigate the biological degradation and the characteristics of MEA, a pH regulator to be put in the
cooling water circulation system for power plants, loading to elevate concentrations of COD and N when eluted into the
water environment. MEA, NH," and CODcr were monitored in flask cultures and in a batch aerator. MEA was found to be
biologically degradable, producing substantial amount of ammonia (max. 78.1%) in a form of NHs and other carboneous
intermediates. The degradation reaction rates were similar one another over all MEA concentrations tested as the activated
sludge (microbial consortium) was acclimated to MEA with the gradual and stepwise increase in MEA input into the batch

aerator. Also, MLVSS kept increasing with increasing MEA input. The COD-based degradation reaction order was determined
to be 1.
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Monoethanolamine (MEA, NH,CH,CH.OH)< <}t 42y
o} WAE 7}A Zae dxojd, oEA=)e opr 2 Table 1. Physicochemical properties of MEA
o Fo uj¢ ¢BE R7|SFECIH. MEA= 7]E9] pH Molecular weight (g) 61.08
ZAAQ dryolrth §A B2 o] =11 _ﬁjl};}_ﬁ].ﬁ: Density (g/ml) 1.0180 (207C)
D ATy} Yol YA 23 AF pH ZAA R BY€d & Melting/Boiling point () 10.5/170.8
F71 d=50ol(1), dA 2jele] dx4E ¢ = wa_ o Surface tension (mN/m) 48.3175 (20C)
A MEA 7| AdHo| Z7138ta A& FH otk MEAY & Viscosity (mN-S/m?) 21.1 257)
g)3}e}d EA 2 Table 13} %E}Q) WA §-9 =THo A Dielectric constant 31.94 (207C)
MEA—% TAE 724 A F 2 2 5% MEAVF W Dipole moment (3.3356 x 107 C-m) 227
g LgEo| FAZ %?Jﬂ‘ﬂ CO D92 N3ExY 54 Conductivity (10* m®-S/mol) 4722
5‘* 718 &Syl gt dA) LHQH EE M A Diffusivity (107 cm’fs) 1.124
Nles AT dx4E, ﬁ} g FRLoA HRae COD Relative Volatility (25°C) 107
pKa (257C) 9.496
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Table 2. Composition of the synthetic growth medium

Composition Concentration (g/L)
GlllCOSC [C6H1206] 10
KH,PO;4 0.5
MgS0s ¢ 7TH:0 0.25
Yeast Extract 10

(1) Aerator
(2) Air Pump

(3) (3) Air Flowmeter
(4) Batch Tank

(4)—

(2)

Figure 1. Experimental bioreactor system with a 15 L-batch aeration
tank.

B Ao AlL-3 MEAE DC Chemical (99.9%)) 4 T+
Astel AT BALAAE sRFURT (B¢ of
W AsANge) Eoz 455E AN ALARC
™, P. aeruginosa (KCCM 40396)= 44t )2 glucose
A oA 244 E v & ARE-StS T Pl Ee AjEo] ¥
83 7|22 Table 29} #Zo] Azt AHE3IHTH £ ¢
To] A% EA A2+ pH meter (Orion 4-Star, Thermo,
USA)9} COD, E4& $3] Humas Water Analyzer
(HS-3300 & HS-R200, Humas, Korea)E A}&-3190H,
MEA$} NH, 9] 2AL 935 9o]L column (YK-421,
Shodex, Japan)-& %3}l Ion Chromatography (Metrohm 761
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Compact IC, Swiss)E A}8-3}3 .

gMSHX|E 0|88 E2fA3 Y AE

MEA9] REEH w3 H4PS 93 s A 100 ml
-% 250 mi-AZH &A= ¥l MEA 55 1000 mg/LE
A5l g (25T, 120 pm) Stich %7 pHE 7.0
o ‘;%%'*—51, AZ AGA vt F5A L AHgE pH 72
ZA8 gt AMEZANH e 24X 7teth A g E AY
o2 WFFE ol 9 FAF WP 4PL 2
Pk o, ICE A43te] MEAY F=& EA3A0h

HES T ofjA{Q] MBsta] ditof o5t MEAS EolalE
F7] ol BT Fetaa 4l 15 L wkgE
5 Q s 10 L 3% ¥ MEA H
. gt} 27 $2E 1 Lminl 2
S99, ez DO W= 1520 mg/LﬁE} %27) pHE
10.4-11.00.2 @7]Ado|u}, 24X 70tk pH 782 23330
P. aeruginosas A3l A& AYHIY U84 2Rt
At} P. aeruginosat 24A17F WY & B 5o ¢SS
4390, MEA 27 $E2 1000 mg/Ls 2000 mg/L
g2 39tk 2442k 1422 MEA ¥ NH, 9 FE& &4

gHolMo| M5

AAzAL 9o YA sl MEA FEE HAHL
36‘}9311:} MEA TE'HQJ‘

a COD #3}E CODHOo R 43T 27 MLVSS 5
=T 80 mgloliov V1A 8 371 FRHAT AHTH
48A17F A3} 3 MLVSS T+ 220 mg/LE ¢ 3n) A%
A3t MLVSS 559 F712 Bol uAEo] NZE
70 AR AgEo] 7] F7)d o3t v|iE ¢

$83e ANFGOr, MLSS FES A% vlgEe o
B4 88 A9 0N AR Tk 102 A
‘ET

EAE 2o ot MEAS AHF Fx< 1000 mg/L=
"]3}3}0—1 COD. 7AEo] HZAH3 Fog W T YA
Ho g ZF7MINAL, §hgZE Y pHE 57 AlolZ2 FAAA
t}. MEAS A3 F%+ 1000, 2000, 3000, 4000, 5000,
6000 mg/L$iT}.
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Figure 2. Time change in MEA concentration in a flask culture
using the activated sludge at 25 CENTIGRADE (pH 7 controlled).
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Figure 3. Time change in MEA concentration when pure cultures (P.

aeruginosa) and activated sludge cultures were used in a batch tank
at 25 CENTIGRADE (pH 7 controlled).

3|24 Bg7| AFo| ost MEASl MES| 2 NH.
St W3l

3|2 ¥k o]-&3te] MEA R-AEE LolrR Uttt
(Fig. 3). P. aerugmosa-J A5 MEA 1000 mg/Lo| A ot
EHEEE 855 mglh, MEA 2000 mg/L)HE 926
mg/LhE Yelgth o, F4EAE o] &3 NP AM+e
MEA 1000 mg/Loj 4] E—sﬂé‘ggﬂ 19.23 mg/L/h2 28] 7}
Frlsdd. T ugde 2AAsE Wmssl e
MEA 1000 ppm&] HA FAFEE 7]1°§ H| W S}H P
aerugmosa-J HES £T = 00086 h', ASE A AL
0051 h'2X AL 7} &F 6] E350] Holge &
F Y. P. geruginosa (KCCM 40396)d 5+ n-alkane
]Bo]'é g3l aE 7|HE o83 F o2 A MEAY #
& BZE #Fsjio] Fodt AdstF oy FdEHA
of v¥]dte] MEA ¥3]&-2 50% olstel]l PERT. FX9
AaEA RS AR ) u4Ee Edem
0] MEASH & %4 490 AaH, 2ARAE 3
$e0] £212E ¥ AYE Fad ¢ & ANk P
aeruginosa W ¢olA MEA F% 2000 mg/LY uj MEAS%}
NH,' 9] 555 &7 5239 rH(Table 3 & Fig. 4). NHs'=
Y WY Fole SAStA Fovt MEAVL FsbEg
(A 1 Z2)% vAE Jho 93] £ W} &4 F
o2 BEH7] AFHHTh 19047 A3 F NHS9) H
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FEE 44595 mg/LE JERIL, o|F TAHT] AEES]Y
= ©A9¢9 MEA7F AZE1 whEA|Zho] AR ETA
AN B AYste AOE BT FEFHOF MEA
7} RaHe B340 A o 78.1%9 =& H|LE NH, 9 §
B2 AFFHAY. 2P MEAS FAON A A9
acetate, formate, glycolate 5(13)°] FAHEZ A A=W, EI
AAE NH:= NH, 29 Aol dojuy] 4o F, A E
o] Fgog guol AAo] FHFHT dF A=
(NO;, NOOE A7)+ Aoz FAHr} Table 3¢ E&

2
A BHog FMEC AhdeE T £ Uddnh
[MEAC]-[NH4+]&= EalEH o] A58 MEAGA AAHH 4=
Yol B 5 E A grow diste] BAE #FS 3
gtk A8 delg Atsidetx 215A41% ot s F
PS4 4 AR weixd MEAE FAYA T-N T
g Folv A 9%S ste A2E #QEIUTh

HO-CH,CH,-NH, + HO0 = OH-CH.CH,-OH + NH;

20H-CH,CH,-OH + O, = 2CH;COO + 2H + 2H;0O

(1)

20H-CH,CH,-OH +30, +2H,0 = 4HOCH,COO + 4H'

Table 3. Number of moles of consumed MEA(MEA.) and formed
NH, and the difference between the two in Fig. 4

Time (h) 0 21 | 45 | 69 | 93 | 117 | 141 | 190 | 215

MEA,” 0 |274|11.46]13.74(15.98]19.01|21.73(26.94 |31.72

NH,’ 0 2711536728876 |1343|13.66|24.78|22.48
MEA-NH, | 0 |003]| 6.1 | 646|722 1558|807 216924

? MEAc: the mole number of MEA degraded

2500

= MEA 2000 ppm 1 500

—‘-NH4+

2000 1 400

1500 1 300
1000 1 200

500 1 100

MEA concentration (mg/L)
NH,* concentration (mg/L)

0
0 2 4 8 8 10
day

Figure 4. Time change in concentrations of MEA and NH, in a
batch tank at 25 CENTIGRADE (pH 7 controlled). Initially MEA was
2000 mg/L. P. aeruginosa was used.
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g Aoz @etsEy, MEA 6000 ppm 394 A9 MLVSS
(160 mg/L) 5% W3l v)s F438] MEFAAN A Y
A ZAEA A (toxicity threshold)2 & H 6500 mg/Ld
A7 HEol ATy Aol A=l Al E

Table 4. COD,, values corresponding to MEA concentrations

MEA Input (mg/L) COD., (mg/L)
1000 1665.3
2000 3449.45
3000 4625.6
4000 6777
5000 7491.43
6000 7550.53

900 MEA 5000 pom

<+— MWEA 6000 ppm

800 F MEA 4000 ppm

Y

700 F
600 F MEA 3000 ppm

500 |
MEA 2000 ppm

400

MLVSS (mg/L)

300

200
MEA 1000 ppm
100

0 10 20 30 40 50 80 70 80 90
day

Figure 5. Change of MLVSS in a batch reactor and a photo of the
MLVSS taken at 88 h (bottom).

Table 4= %7] MEA 559} COD.Z thHIA7] Aol
o} the COD, Z+e MEA £%9 150-170%9] 3193ty
. 27] MEA $%9 ©WAF F7ld g Jais&Es
= I15E GANAE AEEg & zo]E Ho|A ¥tk
(Table 5). ol 7|A%E Z7hEo] ghutet o) MBS %
3ol A3 o]Fo7 AT HUHW, HAIA LI
NNVHHAFE &g A8FHE Aol AAEE 9
BEf’fJ FTEUFE F COD. %o Frhstiou ﬁéﬁ

SRRARNAN A A (MLVSSH
S B A%H 452 B YT
I, COD.L.8 HHEHE 77124
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Figure 6. COD change with stepwise increase of MEA input in an

activated sludge reactor at 25 CENTIGRADE (pH 7 controlled).

Table 5. Degradation reaction rates, degradable fraction(%) and rate
constants(k) acquired by analysis of Fig. 7

stage reaction rate (mg/L/h) | degradable fraction (%) k (h‘])
| 15.67 67.75 0.0162
I 11.33 04.58 0.0102
M 12.89 80.24 0.0065
1Y 16.31 92.40 0.0058
V 17.55 84.36 0.0056
VI 6.94 66.22 0.0017
0.5 r B MEA 1000 ppm R? = 0.9902
O MEA 2000 ppm  R? = (0.9056
R = 0.7058
R = 0.9394
R = 0.9778
R = 0.9795
8
B Y
S
S
0
2.5 %% o
‘O
-3.0 x‘°
_3.5 1 1 L 1 1 1 1 )
0 100 200 300_ 400 500 600 700 800
Time (h)

Figure 7. Linear regression for determining rate constants in the
activated sludge if pseudo-first order reaction is assumed.
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B QTE SAdNY 4R el AY YUd
MEA ©=% E2S A A SHEHA Y Pseudomonas?)
F5 ogaled ¥ASAS BAY Aol AR Azo

2A4 A, MEAE 47 9 A COD ¥ NH," Fx9 4
33 F71E Fddle] MEAR® NH, 2 78.1% ojAF A3ty
At =4, 7] FFo] 2AE FE2 &7 A MEA
&S 1000 mg/LolA] Hd 1923 mgLh, TEEQ
5000 mg/Lo)A 17.55 mg/L/hZ2 A u]AE 420 dHE=
A5 & AolE Holx ¢skth MA, £33 £IHAS
A MLVSS7F Aoz 22 24 (Hu 820 mg/L)o)
ME oF ML 4AA 7] Ao yEEHL, A &
e oF 95% AT WA, COD.E 7|2E 3 HheEeE
T4 o8t MEA AEd) = 13} ¥k3d R34t &
T MEAY AH&Eerd FHE S3l7] 43 FAHEHA A
2499 mAE ZAFENS B3 £SUAES FFHIEs

A7E £9T AZo|th
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