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Evaluation and Comparative Physical/Biological Removal Performance

for Extremely Low-Concentration NDMA (N-nitrosodimethylamine)
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Seyong Park - Hui Joo Kim - Moonil Kim

ABSTRACT : NDMA(N-Nitrosodimethylamine) has been considered as a carcinogenic pollutant even at extremely low-concentration
(10ng/L). However, previous researches on NDMA have focused on mainly high concentration due to a difficulty of analysis. In this
study, removal efficiencies were evaluated for individual or combined methods with PAC(Powder Activated Carbon), GS(Granular
Sludge), MF(Microfiltration), UF(Ultrafiltration) and Silica gel(MCM-41, Diatomite, Spherical silica gel) at both aerobic and anaerobic
conditions. Combined method of GS, PAC and UF membrane at anaerobic condition showed the highest removal efficiency of 65%
while Silica gel showed the lowest removal efficiency of 6%. The outcomes of this study could be used further study of extremely
low-concentration NDMA removal.

Keywords : Extremely Low-Concentration NDMA(N-nitrosodimethylamine), PAC(Powdered Activated Carbon), GS(Granular Sludge),
MF(Microfiltration)/UF(Ultrafiltration), Silica gel
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¥ 1. Batch Test ZZ4(Batch Test Conditions)

Run Removal method

1 MF only

2 UF only

3 GS(aerobic condition, anaerobic condition) +MF

4 GS(aerobic condition, anaerobic condition) +UF

5 PAC +MF

6 PAC +UF

7 GS(aerobic condition, anaerobic condition) +PAC +MF
8 GS(aerobic condition, anaerobic condition) +PAC +UF
9 MCM-41(0.5g, 1.0g)

10 Diatomite(1.0g, 2.0g)

11 Spherical silica gel(1.0g, 2.0g)

* Test time(Run 3, 4, 5, 6, 7, 8 -12hr)(Run 9,10,11 - 4hr), Initial
NDMA Concentration: 100ng/L

* DO(Dissolved Oxygen): Aerobic condition(8~10mg/L), Anaerobic
condition(0.1~0.2mg/L)

* Temperature: 20°C, pH: 7~8, PAC: 1g/L, MLSS: 8,000mg/L

* Law water concentration: COD(250mg/L), T-N(12.5mg/L). T-P(2.5
mg/L)
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B 2, "WHyQl ZE EM(Characteristics of membrane filters)

Items MF membrane UF membrane
Material Polyethylene Polysulfone
Nominal pore size 0.4/m 0.01~0.04/m
OD/ID thickness 650/4104m 490/320/m
Tensile strength 1,733g/fiber 30~33g/fiber
Surface area 0.05m’ 0.18m’

¥ 3. Silica &M EM (Characteristics of silica adsorbents)
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3.1 Granular Sludge(Aerobic/Anaerobic) + Membrane
(MF, UF)2 0|23t NDMA X2|(Run 1, 2, 3, 4)

MF membrane¥} UF membrane©] 7}X|1l Q= 1189 &
/doll we} NDMAA|AE Blats] 27| 93] ol NDMA
100ng/LE F35te] 43 23 NDMA”Z} MF membrane
o ol&f 8% A A= 2 UF membrane?] 7 13% A|A
5|9}, MFS} UFe] A2l a8 Aol B3] 27] ao|2

Silica Adsorbent

Characteristics

MCM-41
(Sigma Aldrich, Ltd., USA)

Unit cell size

Surface area

powder
4.6 ~4.8nm
0.980m3/g pore volume
2.3~2.7nm pore size
Spec. surface area ~ 1,000m2/g

Diatomite
(Sigma Aldrich, Ltd., USA)

USP/NF Pharamaceutical grade

Activity =1 EU/g(Endotoxin)

Composition Si0,, 98%
Spherical Silica gel 5~8 Mesh
(Orient Chemical Industrial, USA) Blue
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(Comparison of removal efficiency of Granular Sludge
(GS) at aerobic and anaerobic condition)
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3.2 Granular Sludge(Aerobic/Anaerobic) + PAC
(Powdered Activated Carbon) + Membrane
(MF, UF)Z 0|23t NDMA X 2|(Run 5, 6, 7, 8)
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(Comparison of removal efficiency at aerobic and anaerobic
condition)
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3.3 Silica gel(MCM-41, Diatomite, Spherical Silica
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M7 &&H|u(Comparison of removal efficiency of silica
gel(MCM-41, Diatomite, Spherical Silica))
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B 4, Z0¥ M7= H|u(Comparison of Removal efficiency)
Run Removal methods Total Removal efficiency
(%)
1 MF only 8.0
2 UF only 13.0
3 GS(aerobic condition, anaerobic condition) +MF 32.0, 49.2
4 GS(aerobic condition, anaerobic condition) +UF 437, 58.9
5 PAC +MF 40.2
6 PAC +UF 47.5
7 GS(aerobic condition, anaerobic condition) +PAC +MF 57.6, 56.2
8 GS(aerobic condition, anaerobic condition) +PAC +UF 64.7, 65.7
9 MCM-41(0.5g, 1.0g) 6.1, 13.0
10 Diatomite(1.0g, 2.0g) 9.6, 13.0
11 Spherical silica gel(1.0g, 2.0g) 15.0, 17.0

PACE o]&slo] T714, 9714 dHls 463 ddaae
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