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Wolfgang Brunnhuber, Dr. Friedhelm Schneider

Basic-08_1
Dust – definition, origin, 

dangers, particle distribution

by Eng. Wolfgang Brunnhuber

Grimm Aerosol-Technik
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Agriculture, landuse

Demolition work

Aerosol, Dust
Sources

Etna, Sicilia, 2002

Biomass burning South Africa

Pollen,
gaseous precursors

Pollen, transport

Sea salt Sandstrom, erosion

Traffic, automotive

Heating

Biomass burning, Italy

Natural  Sources
  Volcano
    Desert storms
      Soil erosion
        Sea salt 
          Fires, biomass burning
            Pollen, gaseous precursors

Anthropogenic Sources
  Traffic, combustion
    Power plants and heating
      Working processes, 
        like welding, crushing, grinding
          Agriculture
            Fires, biomass burning
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Aerosol, Dust 
some definitions

Aerosol:  solid and/or liquid, in gas floating particles within a particle 
size range between 0,001 m to 100 m (vgl. Die Atmosphäre als Kolloid, 1936)

Primary aerosols: directly emitted into the air, e.g. by bulk to particle 
conversion (BPC)
Secondary aerosols: aerosols originated from gaseous precursors, by 
gas to particle conversion (GPC), accumulation and coagulation e.g. 
NH4NO3 or (NH4)2SO4

Dust: suspension of solid particles produced by mechanical 
disintegration of material such as crushing, grinding and blasting
PM10: particulate matter, mass of particles with aerodynamic diameters 
approximately smaller than 10 m
TSP: total suspended particles, mass of particles with aerodynamic 
diameters approximately smaller than 35 m

Nanoparticles: particles < 100 nm diameter (mostly classified by their 
electrical mobility diameter), engineered nanoparticles
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Particle distribution aerosol sources and 
sinks, formation and elimination

m

Primary particles 
from combustion 

processes

Gases (SO2, NOx,
VOC, NH3, H2O)

Secondary 
particles

sources and 
precursors

formation 
processes

     elimination
     processessedimentation

diameter [ m]

Primary particles
from mechanical 

disintegration , erosion

Coarse
particlesfine particles (PM2.5)

thoracic fraction  (PM10)
TSP

m
as

s

impaction
wash out

gas to  particle
conversion GPC

bulk to particle
conversion BPC

diffusion
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Wolfgang Brunnhuber, Dr. Friedhelm Schneider

Particle distribution: Elimination of airborne 
particles by sedimentation and diffusion

How long stay particles in the air? This depends on particle size -
and on particles sedimentation and diffusion velocity!d on particless sed
The sedimentation velocity of particles strongly depends on particle size:

sedimentation

-a particle of 10 m diameter sinks in one second app.      5 mm
-a particle of   1 m diameter sinks in one second app.      0.3 mm
-a particle of   0.1 m diameter sinks in one second app.   0.05 mm
-a particle of   0.01 m diameter sinks in one second app. 0.003 mm

Diffusion depends on size, too. Small particles have high diffusion velocity.

diffusion

stay long 
suspended
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Dangers effects on human health:
Risk potential of dust particles by…

by:

particle size distribution

particle concentration

chemical composition of the dust particles

surface bound or adsorbed chemicals (like PAH)
Y

Y
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Wolfgang Brunnhuber, Dr. Friedhelm Schneider

Risk potential of dust particles:
Deposition of dust in human lung

Inhaled dust 
Inhalable Fraction

Fraction passing the 
larynx and getting into 
the thorax
Thoracic Fraction

The fine particles, 
entering the more than 
300 Mio. alveolic 
bubbles 
Alveolic Fraction

  
Friedhelm Friedddddddddddddddddddddddddddddddhellellelleleleleleleleeeelelleeelleeelllleleeeeleh lhhh m
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H2

P2G

- 2022 P2G 1,000MW 17 P2G .
- P2G 2025 5GW, 2050 40GW 
- 20
- (CH4) , ,

(Greenpeace Energy Wind-gas , Audi e-gas , Total/NENETRAG 
)

- 1MW Jupiter 1000’ 

- ( ) ( , ) HyBalance’

- AkzoNobel Gasunie 20MW -

- DOE( ) Wind2H2’ 
- NREL( ) STH(Sloar To Hydrogen)’ 

- 10

- (Fukushima Hydrogen Energy Research Field) - 10MW 
, 20MW 900

- Inpex, CO2 ,
. - ‘19 8 50 . 2021 

- 2030
- , 1,980kW 

- 2020.1 P2G Microgrid 
- 1.0MW, PV 1MW, 200kW( ), ESS 0.5MWh
- 2020 5 . 2021 1
- 2022 MW (P2G) 100MW 

H2
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Renewable and fossil fuel energy
Transformation stage from fossil fuel to renewables source At the same time importance is 

We are in peak usage of fossil 
fuels till 2025 and shift to 

renewables

Exponential rise of 
using Renewables

Comparative Advantages 7

Producing 1 kg of hydrogen (143 MJ/kg or about 40 kWh/kg)

7

Confidential

All about Hydrogen

Lightest element
Most abundant 
75% of Universe’s element
Rarely present in pure form
Use as energy carrier
High specific energy (39.4 kWh.kg 1) > 13.1 kWh.kg 1 in liquid hydrocarbons 

Hydrogen (A.W. : 1.00794 u) 

76
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CO2 emission, Global worming 

Future Energy  
Environmental Benefits

Cleanest burning fuel available

Combustion does not release carbon dioxide, 
greenhouse gas

Spills quickly evaporate, form water

Why do we need Hydrogen ?

Confidential

Hydrogen has the highest energy content by weight of any chemical fuel

Core sectors for hydrogen utilization

Gradual increase in hydrogen production and use

Hydrogen Vision 2050 

Source: IEA, Hydrogen council

Benefit of Hydrogen to the 
Economy

10

Continue..

101
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Schematic Pro/Con of hydrogen arguments

11

In view of the research and development programs supported in this field, the technical problems regarding
the production, storage and distribution of hydrogen, together with the reduction of costs and the increase of
the life of the equipment used in the generation of energy based on hydrogen, will be solved shortly time,
and hydrogen will become a possible solution for providing fuels, at the same time being an alternative
energy resource to the traditional ones. ---DOE

111
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Hydrogen Production Paths

121
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Various Hydrogen production methods along with their advantages, disadvantages efficiency and cost 

131

Confidential

Water electrolysis- Introduction
• High-quality hydrogen (~100% hydrogen) can be produced 

by the electrochemical conversion of water to hydrogen and 
oxygen through a process known as water electrolysis.

• Currently 96% of the global hydrogen production from 
non-renewable fossil fuels, in particular steam reforming of 
methane.

• The reaction with the thermodynamic energy values is 
described in Eq. 

14

Schematic of a PEM electrolysis cell

It is also called water splitting. It requires a minimum 
potential difference of 1.23 volts to split water.

141
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Water Thermodynamics
• The decomposition of pure water into hydrogen and oxygen at 

standard temperature and pressure is not favorable in 
thermodynamic terms.

• Thus, the standard potential of the water electrolysis cell 
• (Eo

cell = Eocathode Eo
anode °C at pH 0 ([H+] = 

1.0 M). 
• At 25 °C with pH 7 ([H+] = 1.0×10 M), the potential is 

unchanged based on the Nernst equation.
• G° °
• (where E° is the cell potential and F the Faraday constant, i. e. 

96,485.3321233 C/mol). For two water molecules electrolysed
and hence two hydrogen molecules formed, n = 4, and G° =
474.48 kJ/2 mol(water) = 237.24 kJ/mol(water). 

16

Pourbaix diagram for water, including 
equilibrium regions for water, oxygen and 
hydrogen at STP. 

*The vertical scale is the electrode potential of hydrogen 
or non-interacting electrode relative to an SHE electrode, 
the horizontal scale is the pH of the electrolyte (otherwise 
non-interacting).

161
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Water electrolysis technologies
• Electrolysis of water is one such most capable method for 

production of hydrogen because uses renewable H2O and 
produced only pure oxygen as by-product.

• Furthermore, water electrolysis having tough advantages 
such as high cell efficiency and greater hydrogen production 
rate with high purity this is more advantage for its further
conversion in to electrical energy using low temperature fuel 
cells.

• In electrolysis process, water molecule is the reactant it is 
dissociated into hydrogen (H2) and oxygen (O2) under the 
influence of electricity.

• Water electrolysis can be classified in to the four types based 
on their electrolyte, operating conditions, and ionic agents 
(OH , H+

cases same. 
The four kinds of electrolysis methods are,
(i) Alkaline water electrolysis (AWE)
(ii) Solid oxide electrolysis (SOE)
(iii) Microbial electrolysis cells (MEC) 
(iv) PEM water electrolysis 

17171
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Alkaline water electrolysis

18

It is a type of electrolyzer that is characterized by having two electrodes

operating in a liquid alkaline electrolyte solution of potassium hydroxide

(KOH) or sodium hydroxide (NaOH). These electrodes are separated by

a diaphragm, separating the product gases and transporting the

hydroxide ions from one electrode to the other.

A recent comparison showed that state-of-the-art nickel based water

electrolyzers with alkaline electrolytes lead to competitive or even better

efficiencies than acidic polymer electrolyte membrane water electrolysis

with platinum group metal based electrocatalysts.

Advantages compared to PEM water electrolysis
1. Cheaper catalysts with respect to the platinum metal group based catalysts

used for PEM water electrolysis.

2. Higher durability due to an exchangeable electrolyte and lower dissolution of

anodic catalyst.

3. Higher gas purity due to lower gas diffusivity in alkaline electrolyte.

181
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• Polymer electrolyte membrane (PEM) electrolysis is the

electrolysis of water in a cell equipped with a solid polymer

electrolyte (SPE) that is responsible for the conduction of protons,

separation of product gases, and electrical insulation of the

electrodes.

• The PEM electrolyzer was introduced to overcome the issues of

partial load, low current density, and low pressure operation

currently plaguing the alkaline electrolyzer.

• The use of a PEM for electrolysis was first introduced in the

1960s by General Electric, developed to overcome the drawbacks

to the alkaline electrolysis technology.

• One of the largest advantages to PEM electrolysis is its ability to

operate at high current densities.

• The polymer electrolyte allows the PEM electrolyzer to operate

with a very thin membrane (~100-200 ) while still allowing high

pressures, resulting in low ohmic losses, primarily caused by the

conduction of protons across the membrane (0.1 S/cm) and a

compressed hydrogen output

Polymer electrolyte membrane electrolysis

fid i l 191
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Advantage and disadvantage of different electrolysis technologies
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Alkaline electrolysis – Common System Design 

21
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International
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AEM is more preferable because of low 
cost and production requirements
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(80-90%)

Theoretical
Commercialized and 
established

(70-80%)

(0.2-0.4) (0.6-2.0)

(1.0) (4.4)

(<90,000) (<20,000)

(A/cm2)

(mW/cm2)

(h)
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Market- Water electrolysis 

26

Global Water Electrolysis Market is projected to
value at USD 12,975 million by 2025 at an
estimated CAGR of 7.58% during the forecast
period.

• The global water electrolysis market by product

category has been segmented into a proton

exchange membrane and alkaline water electrolysis.

• Among these types, in 2018, the global market was

led by alkaline water electrolysis segment and is

projected to lead throughout the forecast period.

• Alkaline water electrolysis is extensively known as

advanced technology and the most advanced water

electrolysis technology.

34.66% 
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Green Ammonia – Glomfjord, Norway (1952 - 1991)
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Chemicals – Rjukan, Norway (2006) 
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Polisilicon Plant – Sarawak, Malaysia (2013) 
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Hydrogen Production and Fueling for SunLine

30303333333333333333

87



Confidential

Commercial Electrolyser –International & Domestic  

31

Key Competitors:

1. The key players of the 
global water electrolysis 
market are ThyssenKrupp 
AG,

2. Linde AG, Air Products and 
Chemicals, Inc., Siemens 
AG, ProtonOnsite,

3. Teledyne Energy Systems 
Inc., 

4. AREVA H2Gen,
5. Hydrogenics Corporation 
6. Erre Due SpA, and 
7. Peak Scientific.
8. Teledyne Energy Systems
9. Suzhou Jingli

Domestic

313333333333333333
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김도용 교수
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Trend: 0.7% / year
1992 Melt Extent 2002 Melt Extent 

Greenland ice sheet melt area increased on average by 16% from 1979 to 2002. 
The smallest melt extent was observed after the Mt. Pinatubo eruption in 1992 

Data from Konrad Steffen and Russell Huff, University of Colorado 
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Volume of GIS: 2.8 x 1015 m3

Time-scale 1000 years 2.8 x 1012 m3/yr 0.1 Sv

Meltwater from Greenland

Current volume loss:
2.2 x 1011 m3/yr 0.007 Sv
Has doubled over past decade
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1904
V. Bjerknes

1922
L. F. Richardson 

1949

Charney, Fjortoft, 
von Neunman

1951
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Quasi-geostrophic
baroclinic model

1962

1966

Global primitive 
equation model

1980

Global spectral 
model

Today

Supercomputing
High-Resolution

(MM5, WRF, UM, etc.)
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고도정수처리 운영에 관한 사항

이경혁  K-Water
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, 20
1mg/L(12%)

:0.015kW/m3

, 20
EBCT 15
GAC:140 /m3, :30 ( ), 85%
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O3 dose = 1 mg/L
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1850 1900 2000

·

·

1854 : snow ( )
                     1882
                                                      1953 DNA 2

                        

                                     

                                       

                                           1906 (French)
                                                          1970 THM

1850
                      1892
                                                  1937 500
                                                                      1984 Crypto. , 2,000 ( )
                                                                        1993 Crypto. 403,000 ( , )
                                                                              1996 Crypto. 8,705( , )
                                                                                  1998.7 Giardia, Crypto.
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170



(intracellular protozoan)

C. parvum 1 .
,

.
(zoonotic),

(water- and food-borne), (person-to-person)
.

(oocyst) 4-6 m , 4 sporozoites ,
.

(< 10 to 100 ).
.

.
.

, .
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Table. Overall C. parvum oocyst positive rate of the
surveyed population (Chai et al., 1996)

        District             No. exam.      No. positive       Positive rate (%)

         Seoul                   853                    4                         0.5

Chollanam-do        2,293                244                       10.6

      Total                   3,146                248                        7.9 

* Cited from Chai et al.(1996) Korean J Parasitol 34(2): 113-119

Area                                                             No. exam    No. positive            Positive rate (%)

Urban areas

Mokpo-si Sosan-dong 209 6 2.9

Mokpo-si Taesong 2-dong 138 7 5.1

Yeosu-si Kwanmun-dong 172 1 0.6

Yeosu-si Kuk-dong 232 14 6.0

Subtotal 751 28 3.7   

                                                                  

* Cited from Chai et al.(1996) Korean J Parasitol 34(2): 113-119

172



     Area                                                     No. exam    No. positive     Positive rate (%)
Rural areas (myon)

Haenam-gun (Kyegok)       184 33 17.9

Naju-si (Pannam)       275 17 6.2

Jangheung-gun (Changhung)       253 22 8.2

Sungju-gun (Pyollyang)       236 26 11.0

Hwasun-gun (Iyang)       185 74 40.0

Gokseong-gun (Okkwa)       182 17 9.3

Yochon-gun (Sora)       227 27 12.0

      Subtotal                                               1,542               216                            14.0

         Total                                                  2,293               244                            10.6                                                          

* Cited from Chai et al.(1996) Korean J Parasitol 34(2): 113-119

• 1995 4 , 2
- 15

.
     => 14 (93.3%)
     => 

.
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Age No. males No. female    Total (%)    No. positive (%)
0-9 5 2                7 (5.2)              2 (28.6)

10-19 6 3                9 (6.7)              1 (11.1)
20-29 2 1                3 (2.2)              0 (0.0)
30-39 2 4                6 (4.4)              3 (50.0)
40-49 4 2                6 (4.4)              2 (33.3)
50-59 7 18             25 (18.5)          20 (80.0)
60-69 14 28            42 (31.1)           29 (69.0)

16 21            37 (27.4)           20 (54.1)

Total          56                79 135 (100.0)      77 (57.0)
* Cited from Chai et al.(2001) Am J Trop Med Hyg 65(2): 518-522

     Table. C. parvum positive cases detected in the Department of 
      Parasitology, Seoul National University (unpublished data)
       Year            Age (Sex)                        Year     Age (Sex)

       1995             54 (M)                             1996           3 (F)

                             42 (M) HIV+                                     72 (M)

                             61 (M)                                              49 (M)

                             70 (F)                                               71 (M)

                             53 (F)                                               53 (F)

                             57 (F)                               1997        73 (F)

                             20 (F)                                               14 (M)

                             34 (M) HIV+                                       1 (M)

        1996             37 (M) HIV+                     1998        29 (M) HIV+           

                             58 (F)                                               42 (M) HIV+

                             55 (F) HIV+                      1999          8 (M)      

                             68 (M)                               2001       43 (F) HIV+

                                                                     Total     24 cases
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* 2Log 

Xing-Bin Sun and Fu-Yi Cui, Water Science & Technology:Water Supply(2008)
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->

OH (2.85eV), H2O2 (1.77eV), MnO4 (1.69eV),

HClO (1.63eV), Cl2 (1.36eV), K2Cr2O7 (1.33eV)
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O3 , kO3 ~ 0.1 – 104 M-1 S-1

OH , kOH ~ 106 - 1011 M-1 S-1

O3

+ M
Mox:

+ OH-

OH
+ M

M’ox:

, kO3k ~ 0.1 – 104 M-MM 1 S-1

, kOHk ~~~~~~~~~~~~ 111111111100000000000000006 - 111110000011 MMMMMMMMMMMMMMMMMMMMMMMMMMMM-MM 1

MMooxxxx:

++++++++++++++++++++++++++++ OH---

OHHH
+ M

M’ox:
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Chemicals kO3 (M-1s-1) kOH (M-1s-1)

Alkeanes 10-3 ~ 1 106 ~ 109

Olefines 1 ~ 105 108 ~ 1011

Aromatics 1 ~ 103 108 ~ 1010

Phenols 103 ~ 106 109 ~ 1010

Aldehydes 1 ~ 10 109

Ketones 10-2 ~ 1 109 ~ 1010

Alcohols 10-2 ~ 1 108 ~ 109

Carboxylic acids 10-5 ~ 10 107 ~ 109

N-containing organics 102 ~ 107 109 ~ 1010

S-containing organics 10 ~ 105 108 ~ 1010

Pesticides 10 ~ 102 108 ~ 1010

kO3 (M-1ssssssssssssssss-----111) kOH (M-1s-1111111))

10-3 ~ 1 101010100101001000100100100010000101001011111 666 ~~~~ 100000010000000001000001099999999999999

2Fe2+ + O3 + 5H2O 2Fe(OH)3 (s) + O2 + 4H+

2Fe2+

O3 O2

2Fe3+ H2O Fe(OH)3 (s)

Mn2+ + O3 + H2O MnO2 (s) + O2 + 2H+

: 0.43mg O3/mg Fe

Mn2
+

O3 O2

Mn4+ H2O MnO2 (s)

O3 O2

MnO4
-

: 0.88mg O3/mg Mn

OH)3 (s) + O2 + 4H+

H2O FFFFFFFFFFFFFFFFFFFFFFFFFFFFFe(OHHHHHHHHHHHHHHHHHHHHHH)))))))))))))))))))))))))))))))))))))))))))))333333333333333333 (s)

O (s) + O + 2H+

 O3/mg Fe

MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMnO2222222222222 (s)

O3 OOOOOO2

MnO4
-

180



4O3 + NH3 NO3
- + 4O2 + H3O+ k = 20 M-1s-1

O3 + NO2
- NO3

- + O2           k = 3.5x105 M-1s-1

ClO3
-

ClO2
-

Cl-

ClO-

O3 O2

k =1.7x102 M-1s-1

ClO3
-

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCllllllllllllllllllllllOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO222
-

Radiation
- UV/H2O2
- Ultrasound
- Electrobeam

O3 based
- O3/high pH
- O3/H2O2
- O3/UV

Catalyst
- TIO2/UV
- Fe/H2O2
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Br- + O3 O2 + BrO-

Br- BrO-

O3

k2 = 330 M-1s-1

O3

k1 = 160 M-1s-1

BrO3
-

k3 = 100 M-1s-1

2O3

H+

HBrO
CHBr3

M

NH3 NH2Br

2BrO- + 3O3 Br- + 4O2 + BrO3
-

BrO3
-

100 M 1 1
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Aldo- and Ketoacids

Pyruvic acid

ALDEHYDES*

Formaldehyde

Acetaldehyde

Glyoxal

Methyl Glyoxal

Brominated Byproducts***

Bromate ion

Bromoform

Brominated acetic acids

Bromopicrin

Brominated acetonitriles

Carboxylic Acids**

Oxalic acid

Succinic acid

Formic acid

Acetic acid

Others

Hydrogen peroxide

*
** aliphatic, aromatic heterocyclic 
***Brominated byproducts are produced only in waters containing Br-
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• AOC :
- Pseudomonas fluorescens P17, Spirillum NOX)
- Carbolxylic acids,Payruvate 
- :ug /L as C-Acetate

• AOC ?

- AOC 100 ug/L ( )

- AOC 10-20 ug/L ( )
* (LeChavallier et al. 1991)

DOC

NBDOC

BDOC
AOC

DOC
NBDOC
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AOC

4 L
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P-17

NOX

AOC(Assimilable Organic Carbon) Vs. BDOC(Biodegradable Organic Carbon)
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NBDOC

BD CCCCCOCCCCCCCCCCCCCCCCCC
DOC
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AOCAOC
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Ozone Inlet: Pressurized Ozone gas feed.

Ozone
Inlet:
Pressurized Ozone
gas feed. 

O3O3
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고도 활성탄공정에 관한 사항

김태훈  K-Water
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Micropore (d<2 nm)

Macropore (50nm<d)

Mesopore (2<d<50 nm)
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망간 출수에 관한 사항

이영주  K-Water
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* )  Assessing taste and visual perception of Mn( )
and Mn( ), AWWA, 2014. 

: 11 ( ,

, )

:

:

( ) (O2)

MnO2 Mn( )

MnO2

(DO)

(DO) ,

MnO2

Mn( )
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: – , – , – ,

– /

7 , turn-

over 
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6

(Mn2+) :

(MnO2(s))

Mn( , , )

MnO4
2-

pH
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, , 3

Membrane filter 0.45 0.1

:

( ) : 0.1 membrane filter ,

MnO2 * = -

: : 0.1 membrane filte

: 0.1 membrane filte

ultrafilter(30kDa)

Truly : ultrafilter(30kDa)

Mn( )

* ) AWWARF, Occurrence of Manganese in Drinking Water and Manganese Control, 2006
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: “ ”

: 0.05 mg/L 

: 0.02 mg/L(AWWA, 2006)

: 0.01 mg/L

: 0.015 mg/L(AWWARF, 2006)
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(Aeration) : ,

, pH 9.5 

Mn( ) + O2 MnO2(s)                               (slow)

Mn( ) + MnO2(s) Mn( )·MnO2            (fast)

Mn( )·MnO2 + O2 2MnO2(s)                   (very slow)

HOCl + Mn( ) + H2O MnO2(s) + Cl- + 3H+                (slow)

Mn( ) + MnO2(s) Mn( )·MnO2                                  (fast)

Mn( )·MnO2 + HOCl + H2O 2MnO2(s) + Cl- + 3H+   (moderate)

: / , ,

( ) ,

(MnO2)

: 7 (MnO4
-)

, 0.015 mg/L 

:
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Mn2+ + HOCl + H2O MnO2(s) + Cl- + 3H+ (slow) ---------------------------(1)

MnO2 + Mn2+ MnO2-Mn2+(s) (fast) ---------------------------------------------(2)

MnO2-Mn2+(s) + HOCl + H2O   2MnO2(s) + Cl- + 3H+(moderate) ------ (3)

     K0’ = homogeneous rate constant, 6.4 10-4 M-1sec-1 

     K1’= heterogeneous rate constant, 4.0 106 M-1sec-1 

, pH

,

0.3 mole Mn2+/mole MnO2(s)
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BA ( )

: Gallionella, Leptothrix, Crenothrix,

Hyphomicrobium, Siderocapsa, Siderocystis, Metallogenium,

Pseudomonas manganoxidans

1)

(intracellular oxidation), 2) 

extracellular oxidation, 3) 

Mn2+
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(DO 5 mg/L )

(Eh) 300~400 mV 

pH 7.4~7.5 

Mn2+

,

Mn2+

Treatment process
General Mn removal 

effectiveness*
Overall practicality of process

Aeration Poor-fair Poor

Coagulation/sedimentation/filtraiton Fair-excellent Excellent

Lime softening Excellent Good if also softening

Ion exchange-anion Poor Poor

Ion exchange-cation Good-excellent Good, but costly

Membrane-reverse osmosis Good-excellent Good, but costly

Membrane-ultrafiltration Good Good, but costly

Membrane-electrodialysis Good-excellent Good, but costly

Chemical oxidation/disinfection Fair-excellent Good

Adsorption-granular activated carbon Poor Poor

Adsorption-powdered activated carbon Poor Poor

Adsorption-activated alumina Poor Poor

* poor(0~20% removal), fair(20~60%), good(60~90%), excellect(90~100%)
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( , , )

/

: 0.05, 0.1, 0.3, 0.5, 1.0, 2.0 mg/L

pH : 6.5, 7.5, 9.5

: ( ) 2~4 mg/L, ( ) 0.5~1.5 , ( ) 1~3

: 20 ~ 90
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: 0.1 mg/L       * - : 10~56%(40%) 
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( )
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* ) Using alternative oxidants to remove
dissolved manganese from Waters
Laden with organics(AWWA, 1987)
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BA
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HS

pH

Hargette(2001) pH 7.3 pH 6.0 

pH 7.3 50%, pH 6.0 

10~26% (pH )
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HD

251



HD

HD
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, ,
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,

0.02 mg/L
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Molendinar 4

/
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급·배수 분야 수질관리 체계 개선

송병준  유신 대표
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< >
Type 1 Type 2

AS-IS

•

•

TO-BE

•

•

•

•

•

•
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