W) Check for updates

198 RTINS Water Quality Research Journal | 55.2 | 2020 ‘

Preliminary investigation into the claims of the IBROM
system
Zahra Vojdani and Beata Gorczyca

ABSTRACT

Membrane filtration is commonly applied to reduce dissolved organic carbon (DOC) to control the
formation of trihalomethanes (THMs); however, high levels of DOC can cause severe fouling of
reverse 0smosis membranes. The integrated biological and reverse osmosis membrane (IBROM)
process is a combination of biological filters and reverse osmosis membranes. The IBROM process
claims to remove biodegradable dissolved organic carbon (BDOC), which apparently should result in
reduced membrane fouling. The goal of this research was to conduct a preliminary investigation into
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the claims of the IBROM system, using water collected from the Herbert water treatment plant
(Saskatchewan). The plant is utilizing the IBROM for the treatment of a dugout and groundwater
blend (DOC of 17.5-22.7 mg/L). The results demonstrated that BDOC concentrations did not change
significantly throughout the plant. Optimized laboratory-scale coagulation with polyaluminium

chlorohydrate achieved 58% removal of BDOC. Oxidation with permanganate increased the

concentration of BDOC (from 5.7 to 8.8 mg/L). Overall, BDOC was effectively removed by optimized

coagulation rather than the IBROM system. Moreover, the results show an inverse relationship
between BDOC and THMs formation potential (THMFP) in both coagulated and oxidized water.
For all concentrations, more biodegradable DOC had less tendency to form THMs based on the lower

THMFP.
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INTRODUCTION

Many potable water sources in the Canadian Prairies have
exceptionally poor water quality due to high concentrations
of dissolved organic carbon (DOC) of up to 25 mg/L and
hardness exceeding 300 mg/L CaCOs; (Goss ef al. 2017).
Membrane filtration is commonly applied to reduce the
DOC concentration and to control the formation of poten-
tially carcinogenic trihalomethanes (THMs). However,
reverse osmosis (RO) membranes, required to remove both
DOC and total dissolved solids (TDS), experience serious
fouling primarily due to extremely high concentration of
DOC. One strategy to cope with fouling is to reduce DOC
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levels in the pre-treatment processes prior to membrane
filtration. American Membrane Technology Association
(AMTA) recommends that RO membrane influent has less
than 2 mg/L DOC (AMTA 2007; Badruzzaman et al. 2019).

Biodegradable DOC and membrane fouling

Baker & Dudley (1998) reported that biodegradable organic
content made up 56-66% of the composition of the fouled
RO membrane at a potable water treatment plant (WTP)
that was used to treat high DOC surface water. The foulant
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accumulated on these membranes was primarily composed of
hydrophilic DOC fraction, which is typically more biodegrad-
able. The readily biodegradable fraction of natural organic
matter (NOM) can cause fouling by encouraging biofilm
growth on the membrane surface (Al-Juboori & Yusaf 2012).

Biodegradable NOM is considered to be the dominant
growth-limiting factor for bacteria and is often evaluated
by biodegradable dissolved organic carbon (BDOC)
(Siddiqui et al. 2017). BDOC is a measure of dissolved
biodegradable organic carbon that can be mineralized by
indigenous heterotrophic microorganisms within the
water. Waters with a low concentration of BDOC are bio-
logically stable, with low microbial regrowth and reduced
or delayed fouling of the membrane (Al-Juboori & Yusaf
2012). Literature defines BDOC concentrations less than
0.15 mg/L at 20 °C as criteria for a biologically stable state
of the treated water (Khan ef al. 1999).

BDOC and THMs formation potential

THMs formation is affected not only by the concentration of
DOC but also by the DOC characteristics. However, it is not
clear which characteristics of NOM are promoting THMs for-
mation. There are inconsistent reports on the effects of NOM
hydrophobicity and biodegradability on THMs concentration.
Results of studies by Sadrnourmohamadi ef al. (2013), Lin &
Wang (20m) and Soh et al. (2008) report that hydrophobic
NOM plays a greater role in the formation of THMs. On the
other hand, TubicC et al. (2013) and Marhaba & Van (2000)
report the hydrophilic fraction to have the highest specific
THMs formation potential (THMs formation potential
(THMFP) divided by DOC). These studies state that hydro-
phobic fraction may yield the greatest THMFP because this
fraction is usually the dominant DOC fraction in raw waters.

Hydrophilic NOM has the highest biodegradability,
while hydrophobic NOM is typically the least biodegradable
NOM (Soh et al. 2008). The inconsistent reports on the
NOM hydrophobicity and THMs formation make it difficult
to observe if there is a relationship between the biodegrad-
ability of NOM and THMFP. Many studies have measured
a BDOC change during conventional treatments such as
coagulation, primarily to control biofilm growth in the distri-
bution system; however, they have not discussed that how
BDOC can affect THMFP.
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Processes used to reduce water DOC prior to
membrane filtration

Chemical coagulation

Effective DOC reduction via coagulation can directly influ-
ence downstream filtration processes, i.e., reduce membrane
fouling. There have been many studies on the effectiveness
of different coagulants on the removal of DOC and reduction
of THMs; however, no study has looked closely at the effects
of coagulation on DOC, BDOC and THMs all together in
high DOC water.

Oxidation

The addition of a strong oxidant, such as hydrogen peroxide,
ozone, or UV irradiation, has been reported to protect the
RO membranes from fouling by inhibiting biological activity
(Siddiqui et al. 2017).

Oxidation with potassium permanganate (KMnQO,).
Experimental results have shown that potassium permanga-
nate oxidation is particularly effective in improving filtration
processes for waters with relatively high organic content. In
situ formed manganese dioxide particles can adsorb natu-
rally occurring organics and form bigger particulates, thus
improving the removal of organic particulates by filtration
and alleviating membrane fouling. Galvin & Rodriguez Mel-
lado (1998) reported that the use of permanganate as a pre-
treatment in low dosages of about 0.45-0.8 mg/L in an RO
membrane facility significantly improved the process
through the elimination of algae and organic matter in the
water (no DOC values were reported). Hidayah & Yeh
(2018) reported that permanganate oxidation caused the
breakdown of high molecular weight (MW) organics into
low MW with a 10% increase in the DOC (DOC prior to
oxidation of 4.2mg/L). Despite the DOC increase,
THMFP of the oxidized water was reported to decrease
from 911.6 ug/L by 15%.

Oxidation with hydrogen peroxide (H,0,) coupled with UV
(H>05/UV). H,0,/UV oxidation may cause partial oxidation
of NOM by breaking large MW constituents into smaller and
more biodegradable compounds such as aldehydes and
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carboxylic acids (Sarathy & Mohseni 2009). Up to 20 mg/L of
H,0, with UV fluence of 1,500 mJ/cm? are typically applied in
H,0,/UV commercial drinking water applications. Sarathy &
Mohseni (2009) reported 15% mineralization of NOM for
water with total organic carbon (TOC) equal to 2.18 mg/L
during oxidation under these conditions. Toor & Mohseni
(2007) reported 93% THMFP reduction (from 150 to 10 pg/L)
by using 23 mg/L H,0, and UV fluence of 2,500 m]J/cm?.

In comparison, it should be noted that DOC data from
Environment Canada (2017) report a minimum average of
1.77 mg/L DOC, observed in Pacific Canada, and a maxi-
mum average of 12.89 mg/L, observed in the Prairies. To
date, there is no literature reporting the use and effect of
KMnO, on drinking water sources with DOC higher than
6.8 mg/L (Godo-Pla et al. 2019). Moreover, the authors
could not find any research reporting the effectiveness of
H,0,/UV oxidation to control THMs in waters with DOC
higher than 9.44 mg/L (Seo ef al. 2019).

Biological filtration - IBROM process

Biological removal of DOC is an attractive addition or
alternative to chemical removal, especially for systems sup-
plied by waters with a great deal of carbon since they may
sustain biological activity and promote DOC biodegrada-
tion. The biological pre-treatment studied in this paper is
the Integrated Biological and Reverse Osmosis Membrane
or the IBROM process. This relatively novel process
uses two filters connected in series using Filtralite media
(Peterson et al. 2007). Filtralite media consist of lightweight
expanded clay aggregates with high porosity and rough grain
surfaces (Peterson et al. 2006). IBROM systems have been
installed in 23 First Nation communities in the provinces
of Saskatchewan and Alberta (Canada).

The IBROM process claims to remove any sources that
provide energy and nutrients for bacterial growth from the
water. BDOC may contain electron donors for biological
processes and is considered to be one of the main nutrient
sources. The IBROM process claims that the removal of
BDOC alone would result in less fouling of the RO mem-
branes. The IBROM system installed in the Yellow Quill
WTP (Saskatchewan) reduced water DOC by 1 mg/L, result-
ing in RO membrane influent with DOC concentrations of
8.9 mg/L, i.e., more than four times higher than the 2 mg/L
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concentration recommended for RO membrane influents.
Yet, apparently, the RO membrane did not require chemical
cleaning for up to 18 months (Peterson et al. 20006). It is
worthwhile to note that chemical cleaning every 6 months
or less is typically required to restore membrane perform-
ance (Ambrosi & Tessaro 2013).

The claims of IBROM systems have never been indepen-
dently verified. There is no literature on the effectiveness of
Filtralite filters in BDOC removal, and the reported DOC
removal is very low — about 3 mg/L (Mitrouli ef al. 2008).

This research is a short-term study on one of the IBROM
installations; however, we believe that it is important
to report our findings considering the large number of
IBROM systems installed primarily in First Nations
Reserves. According to Amnesty International Canada, at
any one time, over one hundred of First Nations are under
boil water advisories because their municipal water is not
safe to drink (Amnesty International Canada 2018).

Objectives

The main goal of this research was to conduct some prelimi-
nary investigation into the claims of the IBROM process by
determining DOC and BDOC removal and THMFP at one
of its installation in the Herbert WTP (Saskatchewan).
This plant is supplied by an extremely high DOC and TDS
water, composed of the dugout and groundwater blend
with a DOC of 22.7 and 17.5 mg/L and TDS of 1,160 and
1,243 mg/L, respectively. The laboratory analyses and exper-
iments were conducted using water collected from the plant.

Effectiveness of biological filtration (part of the IBROM
process) and two conventional membrane pre-treatment
processes installed at the Herbert WTP, i.e., coagulation
and oxidation, in terms of BDOC removal and THMFP
were analyzed. Correlations between DOC, BDOC concen-
tration, and THMFP of the treated waters were investigated.

MATERIALS AND METHODS

General raw water quality

The Herbert WTP uses blended water consisting of the same
ratio of water from a dugout (manmade pond) and
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groundwater. General water quality parameters for both raw
water supplies collected in August 2018 are summarized in
Table 1. The oxidation experiments were conducted on the
dugout water collected prior to water entering the treatment
plant. This is an ideal oxidant addition location as it pro-
vides enough oxidation reaction time. At the Herbert
WTP, oxidation and coagulation processes are applied to
different water sources. Dugout water is oxidized first.
Then, the water is blended with the groundwater and coagu-
lated. Hence, in our laboratory experiments, oxidation was
applied to the dugout water and coagulation on the blended
water. Both dugout and blended raw water have high con-
centrations of DOC at approximately 22.7 and 17.5 mg/L,
respectively. The hardness and TDS of the blended water
are 376 mg/L CaCOs and 1,243 mg/L, respectively, very
similar to water quality across the Canadian Prairies.

Table 1 indicates that the blended water had lower hard-
ness; however, it contained higher TDS concentrations. This
could be due to the contribution of groundwater that is
added to the dugout water and has TDS and hardness
concentrations of 1,430 mg/L and 272 mg/L CaCOs,
respectively (data from August 2010). Since the groundwater
has higher TDS and lower hardness values, the blended
water, therefore, contains higher TDS and lower hardness
concentrations compared to the dugout water.

Biological filtration

The evaluation of the effectiveness of the IBROM process
for the removal of DOC and BDOC was conducted on-site

at the Herbert WTP. Figure 1 demonstrates the unit pro-
cesses comprising IBROM located at the plant, which
includes two granular filters containing Filtralite HC and
NC 0.8-1.6 mm clay media and one granular activated
carbon filter followed by an RO membrane. Water samples
were collected from before and after the IBROM filter
units to measure DOC and BDOC removal efficiency. The
results were based on triplicate measurements on two
samples, collected on different days, from the plant under
normal operating conditions.

Bench-scale coagulation and oxidation experiments

Laboratory bench-scale coagulation tests were conducted
using the blended water with aluminum sulfate (alum), poly-
aluminum chloride (PACI), aluminum chlorohydrate (ACH)
and ferric chloride. Based on the study by Sadrnourmoha-
madi ef al. (2013) on the water with similar DOC,
coagulant doses of 20-120 mg/L were selected. Herbert
WTP source water had very high alkalinity (Table 1). The
adjustment of pH required an excessive amount of acids,
which was not economically feasible in this plant. There-
fore, the pH was intentionally not adjusted in our
experiments. The coagulation experiments were carried
out at room temperature using the conventional method in
a six paddle PB-700TM standard jar tester by Phipps &
Bird (Richmond, USA). One liter of water was coagulated
for each coagulation dose; the rapid mix was at 100 rpm
for 1 min followed by slow mixing at 30 rpm for 15 min.
The samples were then allowed to settle for 30 min.

Table 1 | Dugout and blended water quality parameters for the Herbert WTP (29 August 2018)

Parameter Unit GCDWQ?® (treated water) Dugout water Blended water
pH - 7-10.5 8-8.8 7.9-8.5
Alkalinity mg/L CaCOs3 - 234 350.5
THMFP ug/L <100 809.8 + 60 865.9 + 39
Hardness mg/L CaCOs 80-100 495 376

TDS mg/L <500 1160 1243

DOC mg/L - 22.7+04 17.5+0.7
BDOC mg/L - 75+0.8 575+03
Iron mg/L <0.3 0.105 0.77
Manganese mg/L <0.12 0.06 0.01

aGuidelines on Canadian Drinking Water Quality (Health Canada 2019).

Downloaded from http://iwa.silverchair.com/wqrj/article-pdf/55/2/198/709365/wqrjc0550198.pdf



202 Z. Vojdani & B. Gorczyca | Preliminary investigation into the IBROM system

Water Quality Research Journal | 55.2 | 2020

SRR B —
Filters Backwash

To RO Membrane

Figure 1 | Schematic diagram of the on-site IBROM biofiltration set-up (* indicates
empty space for hydrostatic head development).

The oxidation experiments were conducted on the
dugout water collected from the Herbert WTP. Depending
on the water quality and the removal target, literature
reports dosages in the range of 0.1-5 mg/L of KMnO, (Ma
et al. 2001). Considering the high dugout DOC (22.7 mg/L),
0.25, 0.5, 1, 1.5 and 2 mg/L of KMnO, were used in the
oxidation experiments. The experiment was carried out
with a Six-Beaker Jar Test Apparatus. Permanganate
solution was added into 1-L beakers. Fast mixing was for
30s at 300 rpm followed by slow mixing for 5 min at
35rpm, and then the water was allowed to stand for
15 min. The residual Mn concentrations were measured by
inductively coupled plasma mass spectrometry. To avoid
any interference of the oxidant in the BDOC and DOC
measurements, the samples were quenched using sodium
thiosulfate before further analysis.

Hydrogen peroxide doses of 20, 40, 60, 80 and 100 mg/L
and UV fluence of 2,000 mJ/cm? were applied in the H,O,/
UV experiments. The concentrations of H,O, were selected
based on the studies by Goslan et al. (2006) working with
DOC concentrations of 15.7, close to the DOC of raw
water in this study. UV radiation was conducted using an
annular reactor with a working volume of 1 L using a cen-
trally mounted low-pressure UV lamp (Jelight Company,
Inc., Irvine, CA, USA). The samples were quenched using
>10,000
units mg™' protein) at a concentration of 0.2 mg/L in the

bovine liver catalase (lyophilized powder
sample. This concentration of catalase has proved to be
effective for removing H,O, within 10 min (Sarathy &

Mohseni 2009).
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DOC concentration was determined using a SkalarHT
Formacs TOC Analyzer (Skalar, GA, USA). The TOC analy-
zer had a detection limit of 0.05 mg/L C and reproducibility
within 2% of full scale. DOC is defined as the organic
carbon concentration of sample water that has been filtered
through a 0.45-um membrane filter. DOC was determined
by measuring total carbon and subtracting the measurement
for total inorganic carbon through the acidification of all
forms of inorganic carbon.

THMFP measurements were conducted according to
Standard Methods 5710B (APHA 2012). The chlorine
demand was not determined prior to the THMFP tests due
to the small sample volumes of the coagulated and oxidized
water (1L). Instead, all samples were chlorinated with
20 mg/L sodium hypochlorite. Our previous experience
with high DOC waters indicated that this chlorine dose is
sufficient to react with the organics. The samples were
then buffered to pH 7. Sample vials were sealed with TFE
caps and kept in the dark at 20 °C for 7 days. THMs concen-
trations were determined with a liquid-liquid extraction
method according to Standard Methods 6232B (APHA
2012), using an Agilent 7890A GC System (Agilent Technol-
ogies, California, USA) equipped with a CombiPAL CTC
Analytics auto-sampler and electron capture detection.

The BDOC test was performed according to a batch pro-
cedure by Khan ef al. (1999) using a bacterial inoculum. In
this test, 230 mL samples were filtered through a 0.7 um
glass-fiber filter (GF/F, Whatman), inoculated with biologi-
cally active BOD seeds (Bio-Systems Corporation, Illinois,
USA), and incubated at 20 °C for 28 days. After incubation,
the samples were analyzed for DOC. For the blank sample,
deionized water was inoculated with the same seed and kept
at the same conditions. Eventually, BDOC concentration
was calculated based on the difference in DOC reduction
in the test samples and the blank sample after the incubation
period.

RESULTS AND DISCUSSION

DOC, BDOC, and THMFP in coagulation experiments

Figure 2 shows the DOC removal by the four coagulants
used in this study. For all coagulants, the removal of DOC
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Figure 2 | Removal of DOC for (a) PACI, (b) ACH, (c) alum and (d) ferric chloride at varying coagulant doses.

increased with the increased coagulant dose as expected. BDOC in the raw water was 5.75 mg/L (Table 1).
PACI is an optimum coagulant for this water in terms of  Figure 3 shows changes in DOC, BDOC and THMFP in
DOC reduction. At the optimum dose of 100 mg/L, the co-  the coagulated waters. BDOC removal in bench-scale
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Figure 3 | DOC, BDOC and THMFP for (a) PACI, (b) ACH, (c) alum and (d) ferric chloride at varying coagulant doses.
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coagulants. Maximum BDOC removal was observed with
60 mg/L of PAC], reducing the BDOC by 58% down to
2.4 mg/L.

The raw blended water had a THMFP of 809.8 ug/L. In
Canada, THMs are regulated at a maximum acceptable con-
centration (MAC) of 100ug/L (Health Canada 2019).
Figure 3 demonstrates THMFP for all coagulants and
dosages used in the experiments. Water coagulated with
120 mg/L of alum had the lowest THMFP of 183.5 ug/L.
Of the four coagulants tested, alum showed the greatest
average reduction in THMFP while having lower DOC
removal compared to other coagulants.

Reduction of water THMFP by coagulation is thought to
be due to the reduction of the concentration of total DOC;
however, factors other than DOC concentration seem to
play a role here. Although PACI reduced water DOC the
most, this coagulant had the least reduction in THMFP
(THMFP of 452.3 ug/L at 100 mg/L dose of coagulant).
Figure 3 shows that alum and ferric chloride were not as
effective in the removal of BDOC as PACI while they had
the highest reduction in THMFP. Our measurements indi-
cated an inverse relationship between biodegradability and
THMFP of the raw waters studied.

Overall, PACI showed the highest DOC removal accord-
ing to laboratory-scale coagulation tests. DOC and BDOC in
the optimally coagulated water, with 100 mg/L of PACI,
were 7.5 and 2.4 mg/L, respectively. The DOC was still

et DOC == BDOC

(a) (b)
25 1000 25

higher than the recommended 2 mg/L, and therefore, this
water is likely to cause serious RO membrane fouling.
None of the water samples coagulated by different coagu-
lants and doses met the criterion recommended for
biologically stable water (BDOC less than 0.15 mg/L).
Thus, it can be concluded that in the case of waters with
high DOC, coagulation alone is not capable of lowering
DOC sufficiently to mitigate RO membrane fouling or
making the water biologically stable; however, it can
reduce THMEFP close to the MAC of 100 pug/L.

High values obtained for the optimum coagulant
dosages are due to the high value of the original DOC.
Adjusting pH can lower required coagulant doses; however,
it is not a viable option when dealing with high alkalinity.
The high coagulant dosages may affect RO membrane per-
formance, but, in this study, we did not investigate the
performance of the RO membrane.

Oxidation experiments with KMnO, and H,0,/UV

Figure 4 shows the change in the DOC concentration by oxi-
dation for different dosages of KMnO,4 and H>O,/UV. None
of the oxidants were able to effectively reduce DOC concen-
tration. Oxidation with 0.5 mg/L of KMnO,4 had the maximum
DOC removal of 8% (reducing DOC from initial 22.7 to
20.8 mg/L). 40 mg/L of H,O,/UV showed maximum removal
of 15% (reducing DOC from initial 22.7 to 19.3 mg/L).
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Figure 4 | Changes in DOC, BDOC and THMFP in oxidation with (a) H,0,/UV and (b) KMnQO,.
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These results demonstrate that oxidation is not able to
remove a significant amount of DOC.

However, oxidation with KMnO, and H,O,/UV signifi-
cantly reduced the THMFP of the water (Figure 4(b)).
THMFP was decreased from an initial concentration of
865.9 down to 225.8 ug/L (74% reduction) at a dose of
2mg/L KMnO,. In the case of H,O,/UV, THMFP was
decreased to 237.5 ug/L (72% reduction) with 100 mg/L of
Hz0,,

According to Figure 4, while the reduction in THMFP
treated with H,O,/UV averaged 64%, the corresponding
decrease of DOC was only 10%. The same was observed
in KMnO,4 with 56% and 7% average reduction in THMFP
and DOC, respectively. Therefore, the total DOC cannot
be the main factor contributing to THMFP.

Although the DOC of the water was relatively
unchanged by oxidation, the water BDOC increased with
the oxidant dose (Figure 5(a)). The original BDOC content
of the water was 7.54 mg/L. Oxidation with 2 mg/L of
KMnO, resulted in the greatest increase of BDOC by 28%
and to 10.6 mg/L. 100 mg/L of H,O, with 2,500 mJ/cm?
UV fluence had greatest BDOC equal to 10.8 mg/L. This
confirms the trend observed between BDOC and THMFP
in coagulation. Higher BDOC water has lower THMFP
following oxidation.

H,0,/UV showed to be more effective in terms of control
of THMs than permanganate. Although the DOC change was
very similar for both oxidants tested (Figure 4), the water

() KMnO, dose (mg/L) (b)
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= 700
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oxidized with H,O,/UV always contained more BDOC.
Also, water oxidized with H,O,/UV had lower THMFP com-
pared to water oxidized with KMnQ, (Figure 5(b)).

It appears that oxidation of NOM, whether by KMnO,
or H,O,/UV, is changing NOM chemical characteristics
and increasing its biodegradability. = Spectroscopic
studies of NOM and humic substances in drinking water
report a significant reduction of aromatic and highly
conjugated and hydrophobic compounds (constituting
primarily the non-biodegradable fraction) after oxidation
(Sadrnourmohamadi & Gorczyca 2015). Therefore, the con-
centration of hydrophobic NOM is reduced after oxidation,
indicating that oxidants mainly react with hydrophobic
NOM. The concentration of hydrophobic NOM in the
pre-oxidized water will be relatively low. Therefore, when
another strong oxidant, like chlorine, is added to already
oxidized water, fewer oxidation reactions will take place

and the formation of THMs will be reduced.
BDOC change by the biological filtration

Table 2 summarizes the DOC and BDOC before and after
the IBROM filters in the plant. The dugout water had a
high DOC level of 22.7 mg/L and when blended with the
groundwater, DOC concentration dropped to an average
of 17.5 mg/L. The BDOC measurement of the blended
water indicates that 5.75 mg/L or 34% of the DOC in the
raw water is biodegradable.

KMnO, dose (mg/L)
0.25 0.5 1 1.5 2

20 40 60 80 100
H,0, dose (mg/L)
—dh- « H202/UV

Figure 5 | Changes in (a) BDOC and (b) THMFP compared in oxidation with KMnO4 and H,0,/UV.
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Table 2 | DOC and BDOC concentration change along the treatment train of the Herbert

WTP
IBROM filters
Sample water Dugout Blended Clarifier (Filtralite)
DOC (mg/L) 227+04 175+x0.7 154+06 13.6x09
BDOC (mg/L) 7.54+08 575+03 556+0.7 596+04

Table 2 indicates that the two Filtralite filters have 11%
DOC removal. (DOC decreases from 15.4 to 13.68 mg/L.)
No significant change of BDOC was observed in the
IBROM effluent at the Herbert WTP. The results indicate
that the IBROM process installed at the Herbert WTP is
not effective in the removal of BDOC or DOC.

DISCUSSION

This study was supported by the KGS Group involved in the
upgrade of the Herbert WTP. Oxidation and coagulation
processes are applied to different water sources in this
system. Dugout water is oxidized first. Then, the water is
blended with the groundwater and coagulated. Hence, in
our laboratory experiments, oxidation was applied to the
dugout water and coagulation on the blended water. Since
the two water sources had different DOC, pH, hardness,
therefore, the results in terms of BDOC removals and
THMFP should not be compared.

CONCLUSIONS

The removal of DOC, BDOC and THMFP from the high
DOC and TDS water by IBROM, chemical coagulation
and oxidation was evaluated. A blend of dugout and ground-
water collected from the Herbert WTP (Saskatchewan) was
used. The dugout water had a DOC of 22.7 mg/L and TDS
of 1,160 mg/L, respectively, while blended raw water had
a DOC of 17.5 mg/L and TDS of 1,243 mg/L. The following
conclusions can be made from this study:

1. Biological filters constituting the IBROM system operat-
ing at the Herbert WTP were found to be ineffective in
removing BDOC or DOC.
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2. Laboratory-optimized coagulation was found to be quite
successful in reducing water DOC and BDOC in blended
water. Maximum DOC and BDOC reductions by coagu-
lation were observed with 100 mg/L of PACI, which
reduced DOC and BDOC to 7.5 and 2.4 mg/L, respectively.

3. Alum and ferric chloride showed the most significant
reduction in THMFP from 809.8 ug/L to 183.5pug/L
and 216.2 pg/L with the total DOC reduction of 34%
and 36%, respectively. The removal of DOC and the for-
mation of THMs varied for different coagulants.

4. Oxidation tests conducted on dugout water resulted in a
decrease in THMFP and an increase in BDOC concen-
tration. H>O,/UV oxidation reduced the DOC by 15%
while increasing the formation of BDOC up to 30%. Oxi-
dation with KMnO,4 and H,0,/UV significantly reduced
the THMFP from the initial THMFP of 865.9 ug/L to
225.8 ug/L and 237.5 pg/L, respectively.

5. Oxidation most likely degraded the large hydrophobic
NOM into smaller hydrophilic NOM that is less prone
to form THMs and more biodegradable than the other
fractions. It appears that by applying pre-oxidation
before chlorine addition, the concentration of the hydro-
phobic fraction of NOM, that is the main fraction
reacting with chlorine, is reduced. Consequently, since
there is less hydrophobic NOM to react with chlorine,
the THMEFP is reduced.

Overall, the IBROM system studied here was ineffective
in the removal of DOC or BDOC, which has been reported
as the key reasons for RO fouling in the literature. At the
Herbert plant, the conventional coagulation and oxidation
were much more effective in the removal of DOC and
reduction of BDOC than the IBROM system. Convention-
ally coagulated and oxidized water samples with high
BDOC concentration formed less THMs. This suggests
that the formation of THMs can be effectively controlled
by changing water DOC characteristics rather than remov-
ing DOC entirely with RO filtration.
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