
Introduction

Dissolved organic carbon (DOC) affects water treat-
ment processes and the final quality of drinking water in
many ways. A high amount of DOC in raw water will
directly impact on a high coagulant doses being re-
quired. It also has a negative effect on the performance
and regeneration requirements of activated carbon sys-
tems. In membrane filtration systems, DOC directly
impacts on the cleaning requirements. Finally, in terms
of water quality, increased DOC residual in the treated
water has many disadvantages too. They range from the
formation of disinfection by-products (DBP) and in-
creasing disinfectant chemical needs, to treated water
colour and taste and odour. In the distribution network,
the residual DOC acts as a food source for micro-organ-
isms promoting the bacterial regrowth in distribution
network.

The magnetic ion exchange resin (MIEX®) process
offers a more economical and effective way of using ion
exchange resins in drinking water treatment plants. It

differs from traditional resin processes in that the resin is
not applied in a filter bed form but is suspended in
water. The resin is quite fine, with the mean particle
diameter measuring only 180 µm, which results with the
fast kinetics of ion exchange. The resin’s magnetic prop-
erties provide for a quick sedimentation of the resin ag-
glomerates, making it possible to achieve resin recovery
rates of over 99.9 % at a gravity settler (clarifier) surface
loading of 15 m/h. 

MIEX®-process consist of rapid mixing, where resin
is mixed with the raw water, and sedimentation, where
the resin is recovered by settling and then pumped back
to the rapid mixing/contactor stage (Figure 1). About
5–10 % of resin recycle is diverted to regeneration vessel,
where the resin is regenerated with brine (NaCl). 

MIEX® treatment is typically applied as the first unit
operation in a multi-stage water treatment plant. It may
also be applied as a post-treatment (ie. a polishing step),
however in that case a filtration step is required to re-
move the small amount of resin carryoner from the
settler.
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Abstract
Problems associated with the amount of dissolved organic carbon (DOC) in drinking water treatment are very
common. They range from the very obvious ones like treated water taste and odour and appearance, to the less
understood disinfection by-product formation, bacterial regrowth in distribution network, exhaustion of acti-
vated carbon, membrane fouling and increased coagulation chemical demand. Ion exchange resins are known
to be a very effective way of removing a reange of water contaminants, however high capital costs, scale-up issues
and – resin fouling have limited the number of drinking water treatment applications. The magnetic ion
exchange resin process (MIEX®1) is one way to try solve these problems. In this paper the principle of MIEX®-
process is introduced. Also results are presented of lab scale evaluations of MIEX®-process on two ground and
one surface water from Finland. With all three waters the use of MIEX® pre-treatment resulted with a signifi-
cantly improved final water quality as well as in a considerable decrease in the downstream coagulant require-
ments.
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The first full scale MIEX® plant was commissioned in
2001 at Wanneroo, Western Australia. The Wanneroo
groundwater treatment plant utilises a number of water
wells, and the quality of raw water varies quite a lot.
Before installing MIEX® this plant suffered a number of
problems associated with DOC. Nowadays the water
treatment process includes MIEX® and chemical sedi-
mentation which together achieve over 75 % DOC re-
duction. With MIEX®-pre-treatment the need for coag-
ulation chemicals has reduced to one third of the pre-
vious levels. Furthermore, the need of chlorine has drop-
ped from 6,9 mg/l down to 4,1 mg/l combined with a
very large reduction in DBP formation (Orica 2004). In
many other places the suitability of MIEX®-process is
tested at lab and pilot scales (Cadee et. al. 2000, Bourke
2001, Härmä et. al 2004, )

Matherials and methods

The aim of this study was to determine suitability of
MIEX®-process for the treatment of three Finish raw
waters. Those treatment plants are situated in northern
part of Finland. One of the plants was surface water
plant in Oulu which uses the water from Oulu River.
The two other are ground waters – water from Liminka
and the Lappavesi water which is treated by a two-
pronged chemical treatment for organic and iron re-
moval were tested. Average quality of those raw waters is
described in Table 1.

This was a two stage study. In the first stage the re-
quired MIEX® resin concentrations and contact times
were defined. These tests where made on the lab scale
using 1000 ml vessels. The resin concentrations tested
ranged between 5–20 ml/l. Treated water samples were
taken between 2–30 min of mixing. The measured para-
meter was UV254-absorbance. 

The above tests were used to select the required resin
concentration and contact time. 

In the second stage all tested waters were contacted
with 10 ml/l resin and 15 min contact time. The resin
was reused a number of times with 5 min allowed for
resin sedimentation in between each re-use. In this way
the resin was contacted with water 20 times in sequence
with no regeneration. The waters from the first 15 jar
tests were combined in a composite sample to produce a
larger water sample that was representative of the resin
used in a continuously operated proces.

Next, coagulation jar tests were conducted. In all cases
the coagulation jar test procedure comprised 1 minute of
fast (flash) mixing, 10 minute slow mixing (flocculation
time) and 1 hour of sedimentation time. The coagula-
tion jar testing was done on:

• raw waters directly, without the MIEX® pre-treat-
ment using the chemical doses and pHs normally ap-
plied in the respective water plants, 
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Table 1. Average quality of raw waters.

Ground- Ground-
Parameter River Oulu water water

Liminka Lappavesi

pH 6.9 6.3 6.1
DOC mg/l 9.5 4.6 9.0
Alkalinity mmol/l 0.2 0.6 0.3
Fe mg/l 0.48 5.10 12
Mn mg/l 0.03 0.11 0.25
CO2 mg/l 3 36 35
O2 mg/l 11.4 2.1 –
Hardness mmol/l 0.13 0.2 0.4

Figure 1. MIEX® process flowchart.



• MIEX®-treated water (composite samples) using one
third of the plants’ coagulant doses with no pH-ad-
justment, and finally

• MIEX®-treated water using one third of the typical
coagulant doses with pH adjustment to optimise the
coagulation conditions.

Results

Oulu

Water Plant Oulu uses surface water from River Oulu.
The coagulant used at this plant is PIX-322 (iron salt)
and the process is dissolved air flotation. Typical coagu-
lant dose is 43 µl/l (66g/m3) and pH is 4.5–4.7. 

The first resin jar test in the sequence conducted with
at 10 ml/l resin concentration and 15 minutes contact
time achieved 97 % UV-absorbance reduction. The 20
times sequential resin reuse produced a composite sam-
ple with overall 86 % UV-absorbance and 59 % DOC
reduction, with the final DOC level of 3.1 mg/l. 

Coagulation only jar test with 43 ul/l PIX 322 pro-
duced a slightly better DOC residual of 2,6 mg/l. 

Combination of MIEX® and 14.5 ug/l PIX coagula-
tion treatments produced the best results, with the DOC
residual of only 1,8 mg/l regardless of whether pH ad-
justment was conducted or not (Figure 2).

Liminka

Water Plant Liminka uses groundwater from 3 wells.
The coagulant used at this plant is Ekoflock 91 and the
process is chemical precipitation. Typical coagulant dose
used is 50 µl/l and pH is 7.1. 

It shall be noted that in Liminka the goal of chemical
treatment is more iron precipitation than the DOC
removal, hence pH adjustment for optimised organic re-
moval actually produced an inferioe result (Figure 3). 

With MIEX® treatment only, the amount of DOC is
reduced to nearly half the original level. The combined
MIEX® and reduced dose Ekofloc treatment achieved a
DOC reduction of 50 %.

Lapua

Water Plant Porrasoja in Lapua has 3 different water
fractions with different treatments: alkazing by lime,
chemical precipitation by PAX for iron removal and
filtration for Mn removal in pH 8 1/2, chemical floccu-
lation and flotation for humic substances and after flota-
tion water combine to the flow going to chemical pre-
cipitation for Fe.

In this study the water used was the fraction which
goes first to flotation for organic material removal. The
flocculation chemical used in flotation is 50 ul/l PAX
XL60 and the flocculation pH is 6.2.

The flotation fraction water from Porrasoja appeared
to be very suitable to MIEX® treatment. During prelim-
inary tests, already at the resin concentration of 5 ml/l
and 2 minutes contact time a 95 % UV absorbance re-
duction was achieved. The 20 sequential resin use treat-
ment on it’s own achieved 58 % DOC reduction, while
the coagulation only treatment at 50 ul/l PAX and pH
6.2 achieved only 47 %. The reduced coagulant dose
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Figure 2. Amount of DOC in the raw water of water plant Oulu
and after different treatments.

Figure 3. Amount of DOC in the raw water of water plant
Liminka and after different treatments.



treatment of MIEX® pre-treated water failed to further
increase the DOC removal regardless of the coagulation
pH used (Figure 4). Based on that when a combined
treatment of this water is considered for Lapua the
MIEX® resin concentration required may be lower than
10 ml/l, perhaps 5 µl/l.

Discussion and conclusion

MIEX®-process was in these laboratory study proved to
be an effective way for DOC removal from Northern
Finalnd waters. Tests made on the one surface and two
ground waters demonstrate that by including a MIEX®

pre-treatment step it is possible to significantly reduce

the coagulant requirements (60 %–70 % less than the
current plant operation) while still improving the over-
all DOC removal by 10 %. 

In one of the waters studied MIEX®-treatment on it’s
own produced a very good result. 

Another conclusion from this study is that coagula-
tion pH does not need adjusting when MIEX®-pre-
treatment is used. 

Note
1 MIEX® is a registered trademark of Orica Australia Pty.Ltd.
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Figure 4. Amount of DOC in the raw water of water plant
Porrasoja and after different treatments.




