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BACKGROUND

=

¢ Recent studies have shown the formation of bromate
in desalination-derived drinking water, especially
when the desalinated water is treated with sodium
hypochlorite solution produced by electrolyzing
seawater.

Environmental Health Criteria 216, WHO (2000), Disinfectants and
Disinfection By- products, ISBN 9241572167, 30-31.
http://www.who.int/ipcs/publications/ehc/ ehc 216/en/
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g BACKGROUND

Bromate formation in chlorinated water under special
conditions has been explained by the following
reaction.

Chlorine gas hydrolyses in water almost completely to
form hypochlorous acid (HOCI):

Cl, + H,0O — HOCI + H* + CI (1)
HOCI > H* + OCIF (2)

The hypoclorous acid reacts in waters containing
bromide ion to produce hypobromous acid

HOCl + Br — ~ HOBr + CI (3)
OCI + Br > OBr + CI (4)




@ BACKGROUND

This reaction of hypobromous acid formation is irreversible.
The presence of bromide in hypochlorite solutions can
ultimately lead to the formation of bromate (BrO;).
Hypobromous acid is a weak acid (pk, = 8.7); like hypochlorite,
hypobromite is metastable. In alkaline solution, it decomposes
to give bromate and bromide.

30Brr —— BrO; + 2Br (5)

1. Macalady, D. L.; Carpenter, J. H.; Moore, C. A. (1977), Sunlight induced bromate formation in chlorinated
seawater. Science, 195(4284), 1335-1337.

2. Kumar, K.; Margerum, D. W., (1987), Kinetics and Mechanism of general — acid- assisted oxidation of
bromide by hypochporite and hypochlorous acid. Inorg. Chem., 26(16), 2706-2711.

3. Margerum, D.W.; Huff Hartz, K.E., Role of halogen (I) Cation Transfer Mechnisms in water chlorination in the
presence of bromide ion. J. Environ. Monit., 2002, 4, 20-26.

4. Beckwith, R. C.; Margerum, D. W., (1997), Kinetics of hypobromous acid disproportionation. Inorg. Chem.,
36, 3754-3760.

5. Chao Liu, Urs von Gunten, and Jean-Philippe Croué, (2012), Environ. Sci. Technol., 46, 11054-11061.
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@ BACKGROUND

In view of the above observations of enhanced
bromate formation in water distribution systems
containing bromide disinfected by chlorination
under alkaline conditions, there appeared a need
to choose an alternative to chlorine in curtailing
the bromate formation.




@ BACKGROUND

If any disinfectant is to replace free chlorine as
the most commonly used disinfectant, several
criteria must be met, as follows:

1. It must be easily generated and be in wide use
2. It must be a good biocide.

3. It must provide an easily measured residual.

4

. It must not produce or reduce undesirable
byproducts than does free chlorine, and

5. It must be cost effective.




BACKGROUND

Chlorine dioxide

Based on a review of the literature chlorine dioxide was found to be the best
alternative for the following:

1. It does not react with bromide to form hypobromites which could contribute
to the formation of organo bromine compounds and bromate.

2. ltis not a chlorinating agent and does not form halogenated organic
compounds (i.e., THMs).

3. ltis efficient over a wide pH range (5.0 to 9.5).
Very active against bacteria, viruses, algae, fungi and microorganisms.
5. Environmentally friendly.

»

» Eva Agus, Nikolay V., David L. Sedlak, (2009), Disinfection byproducts and their potential
impacts on the quality of water produced by desalination systems: A Literature Review,
Desalination 237, p. 214-237.

» Chao Liu, Urs von Gunten, and Jean-Philippe Croué, (2012), Environ. Sci. Technol., 46,
11054-11061.
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@ BACKGROUND

s*Chlorine dioxide exists almost entirely as
monomeric free radicals. Concentrated
chlorine dioxide vapour is potentially
explosive, and attempts to compress and store
this gas, either alone or in combination with
other gases, have been commercially
unsuccessful. Because of this, chlorine
dioxide, like ozone, must be manufactured at
the point of use.
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Table 4-1. Commercial Chlorine DioXide Generators

MLIN REACTIONS
Feactantz byproducts key
GEREFATORTYPE reactions, and chenisiry notes SPECIAL ATTRIBUTES
ACID-CHLORITE: AHC] + SMaCloy = 40 ueg + G0y Chetrical feed purnp ire Hocks re quired.
[Direct Beid Syetern) +  LowpH Production limit ~ 25-30 b &3y,

* Ol pozzible
*+  Slow reaction rates

oz drnum weld at ~80% efficie ncy.

LLIEQLIS CHL O RIME-
CHLORTE:

[Clr gas ejectors with chermical
putnps for liguids ar booster

Cly +HyO = HOC! HOI)

[HOCIHCI + Matio, =
Cl g + HACE + MaOH + S0y

Excess Cly or acid to neutralize MalH .
Production rate = linited to ~ 1000 [haday.

High conwversion but vield only 80-92 %

hdore corrosive effluent due to lowpH [~2.8-3.5).

purmp far ejector nater]. i
*  LompH Three cherical systems pump HCI,
« IO pozsible b ng:hlnrite, chlarite, and dilution weter to
. . reaction charnber.
+  Relatively slow reaction rate x
FECY CLED LQLEDLES SHOQ + 2MaciDy = 200, + Oy + Concentration of ~3 gl required for maximam

CHLO FIME O R "F FERCH
Locp™

[Saturated Cl: zolution wia a
recycling loop prarto mixng
nith chlote solution ]

2MatH

*  Euess Choor HO needed due to
MadH farmed,

efficiency.

Production rate lirmited to ~ 1000 ktlay.

Yield of 92-98% vith ~10% excess Cly repored.
Highly corrazive to pumps; drawedon
calibration needed . hdaturation tank reguired
after miving.

GASEQLIS CHLORIMNE-
CHLORITE

[Gazeous Cl: and 25% soldion
of zadium chilorte ; pulled by
ejectorinta the readion column.)

C|=|'_g]+ I"\EGO:W -+ GOEW
+  PMeralpH
+  Fapid reaction

+  Puotential zcaling in reactor under
wacuum due ta hardness of
feedstock.

Production rates 5-120 000 [biiay.

Ejector-bazed, with o punps. Motive neter iz
dilution water. Mear newtral pH effluent. Mo
expess Cl. Tumdonn rated at 5-1 0 nith deld
of 35-99%. Lezzthan 2% exmess Cle. Highly
calibrated flow meters with min. line prezzure ~
40 peig needed.

GASE QLIS CHLORIME-
SOLIDS CHLORITE AT R

[Hurnidified Cly gas iz pulled ar
putnped through a stahble mateix
cotitaining solid sodivm chlote. )

Cly gy Pda O gy =+ Sl + MaC
*  Rapid reaction rate
+  Mewtechnology

s gaz diluted with by or fittered air to produce
~3% gazeous Cloe strearm. [nfinite dmdonn is
pozsible with = 39% vield. haxmum rate o
~1200 b Hay per column; ganged to =10000
Ibdday.

ELECT ReZHEMICAL

[Cortinuous generation of ClO:
frarm 25% chlarite solution
recyeled through electralyte cell)

a0 g = A0 2w + &
*  Mewtechnology

Counde r-current chilled weter stream accepts
gazeaus Clo: from production cell after it
diffuzes across the gas permeable metrbrane.
Small one-pass systen reguires preciss flowfor
pouer requirernents [ Coulombs law).

LCID PEROKIDELSHLORIDE

2PMECIC: + HeOre + He S0 =+ 20100 +

Op + MaSoa+Hal

Lees concentrated HeOe and HeS0 s,

- Dawnzcaled wersion; Foam hinding; LowpH .



g OBJECTIVES

% To evaluate the performance of ClO, generating
system (Scotmas-UK represented by SENDAB, KSA) in
RO product water of SWCC plant.

% To Study the purity and efficiency of ClO, product
and the percentage vyield.

** Optimization of the required Chlorine Dioxide dosage
to disinfect the RO product water.

% To study the DBPs formation with the use of ClO,
generating system..




g EXPERIMENTAL

Pretreatment of RO plant

The existing pretreatment comprised rapid mix/coagulation using
ferric chloride (40%), flocculation, sedimentation and dual granular
media (sand and anthracite) filtration.

Coagulant was dosed at 2.0 to 3.5 ppm (mg/L) and pH was adjusted
to 6.8 by adding sulphuric acid (98%).

Chlorine was dosed from the electro chlorinators of intake and the
residual chlorine was kept in the range of 0.3 — 1.5 ppm. However, to
compensate for deficiencies & shutdowns at intake chlorination,
separate chlorination lines from calcium hypochlorite dosing system
of RO plant have been provided. These dosing lines are located in
the dosing pit upstream of dual media filters
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EXPERIMENTAL
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= EXPERIMENTAL
SCOTMAS Bravo MX
chlorine dioxide
generating system
was installed on the
agreed location. Both

reagents [sodium
chlorite (31%) and
hydrochloric acid

(32%)] are reacted
within a submerged s
chamber that s i W e
installed within a ———
bypass line of the

water to be treated. | sNaclO, + 4HCI ——  4ClO, + 5NaCl +2H,0

. _‘,.--—-- . -
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g EXPERIMENTAL

Dosing of ClO, with the flow of water was controlled by
online analyzer and directly recorded on the screen by the
operator. The sensors used are ion-specific amperometric
2-electrode systems, protected by a membrane, for
accurate measurement of both chlorine dioxide and
chlorite, and minimum detection limit is 0.05ppm.




g EXPERIMENTAL

Agreed sample points are five as given below:

s*Sample #1 : Intake seawater.

“*Sample #2 : After RO (Before ClIO, dosing)

“*Sample # 3: 10 m after dosing of ClIO, (before
CO, & lime dosing)

“*Sample # 4 : 50 m after RO (after CO, & lime
dosing)

“*Sample # 5: 3000 — 3500 m after dosing of ClO,.




EXPERIMENTAL

Stream Line
Sample #5 15 Sample #1
3000 Lm | / Seawater line
I If
|
| Sample #2 | o
=
! s After media
Stainless Steel Stainless Steel | g filter
Tank 650 m’ Tank 650 m> | &
|
2
ClO; Injection r ClO;
< 1 253 m’/h
NaClO, HCI Max
Concrete Tank
L] L] Keep fl te Constant
Sample #4 1 eep 0;(1) ga(l) e : /(;lns an
50 Lm ] 2t Sample #3 m
Product water with
T Cl0O, 0.3-0.4 ppm
V V

4-20MA 4m Lime + CO,
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g EXPERIMENTAL

Samples were collected for analysis to check the
agreed parameters as follows:

“*Residual ClO,, chlorate, chlorite, residual
chlorine, bromate, organics, THMs, and
biological analysis.

s*Additional parameters; residual sodium bisulfite
(SBS), residual free chlorine and pH at agreed
locations.




g ANALYTICAL TECHNIQUES

** Trihalomethanes (THMs) Analysis by GC/MS
All samples were analyzed According to the Standard

Methods based on the described procedures in APHA
Standard Methods (APHA, 2003).

s* Bromate and Chlorate Analysis by lon Chromatography
Bromate and chlorate in water was measured by ion

chromatography using suppress conductivity detection
according to U.S. EPA Method 300.1 B.

+* Chlorine dioxide and Chlorite Analysis

Residual Chlorine dioxide and Chlorite levels were measured
by means of an online amperometric probe.
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ANALYTICAL TECHNIQUES

=

Chlorine dioxide and
chlorite concentrations
were also measured by
manual grab sampling and
analysis as part of normal
on site test procedures
using DPD or a Palintest
ChlordioX Plus portable
monitoring instrument VL
calibrated for chlorine =
dioxide.
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g ANALYTICAL TECHNIQUES

“*Biological Analysis

Water samples were withdrawn from the
sampling points employing aseptic techniques
and analyzed using “APHA Method 9215:
Standard Methods for the Examination of Water

Wastewater”




RESULTS AND DISCUSSIONS

J Ch.lm:ine Chlorite J
Table shows Results from |~ fgmesm ro | €85 Bomtormoisromotorn) T35 | s
Palimtest

M M 1 2 3 4 = 3 T

Sampllng pOInt # 2 TTohi me. 1 mel =41 uel uel
. O 1 21416 2 .01 002 MA MNA A MA "—
represe ntat|ve f 7 | 23416 2 0.01 002 A 3;.—:_ : A :;.—:_ 3._.—:_
3 24/4'16 2 0.01 001 MNA A i TA A
4 25/4'16 2 .01 0.01 <2 NDr 36 0.36 MNA
E] 2 2 . 1 =7 WD 34 054 A
permeate. Bromate, s T—sa Tt sn o1t —=
5 28/4'16 2 .01 0.01 =72 ND 34 034 545
hI rite and Chlorate ] 30/4'18 2 0.01 001 MNA MNA A MA MNA
C O 0 1/5/16 2 0.01 0.01 <=2 ND» 38 0.38 5.85
f d t b 10 2 ? 16 2 0.01 0.01 =2 WD 37 0.37 _5.1
were  Toun o e - - - - -
. . . 13 L] § 15 2 0.01 001 t’l :\._TI} 33 0.33 52
negligible or nil for the Bogsrst—s o e - =
14 0/5/16 2 0.01 0.01 =72 ND» 40 0.4 40
° ° 17 1516 2 0.01 0.01 =2 WD 28 020 53
h I I tl n p rl d 3 2 : 3 2 Iy 27 027 520
whole evaluation period. eimserz oo oon = > & o 32
h h t f 20 14/5/1% 2 0.01 001 MNA MNA A MA E‘.'.—'.
53 2 i , 2 I 0.3 4
Though some amount of s —= e o o s
o 23 216 2 0.01 0.01 =72 ND» 33 0.33 5.3
TH MS predom ina ntly 31 [23516] 2 0.0z 001 = D ! T HA
v 25 1/&1G 2 .01 0.01 A MNA A A MNA
b f (~40 b) e ot S s 3 s T
2T 2 . ] 2 T ] 52
romo Orm pp 28 15/ 16 2 .01 0.01 =72 ND 27 027 ™A
20 20016 2 0.01 A = D 30 03 5 .65
was detected, the total Tr=rE =T = T=1Tw T 3% ==
32 20/4'16 2 0.01 A =2 WD 28 020 53
TH IVIS Va I ues (< 1) We re 33 EXr 2 0.01 A =2 ND 27 0.27 3.33
34 &8/ 716 2 0.01 MNA MNA MNA MNA MNA 533
I h I t d a5 1131& E 0.01 :— {E ND» EE E;L'_:‘ §.35
well below the regulated —t-a—— —— o e
38 200716 2 .01 A A A A A 521

values (WHO=1).
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RESULTS AND DISCUSSIONS

Tuning of the ClO, generating system

Dose Rate (Lhr! I

% Generally, to produce ClO, using acid- 31% 32%

. . . Sodium Hydrochloric VoI:r’:etric
chlorite generation technologies a 1:1 Chlorite acid atio
. . . 25 4/16 3.24 2.25 0.69
volumetric ratio between sodium ; )13 01
chlorite solution and acid solution = e o
precursors will be utilized _ 238 Les 069
% Through intensive research and - = oo
development, it was found that this
o q Equivalent CIO
excess of acid generally dosed is [ N o]
O . Oo d A
unnecessary and tunlng can be Carrled ﬂ 31C{1I2?it:eum Theoretical  Actual C;?i\é?errilcc;n
. . . . (Lhr—l) (%)
out during commissioning and the - ——T—
initi i 2.92 0.43 0.39 92.33
|n|t|-al.operat|on of tchese systems to 292 03 0% 2%
optimize ClO, generation. 2.92 043 038 8998
2.77 0.40 0.38 94.55
o i i i 2.77 0.40 0.31 75.59
» Tuning the generator, hydrochlorlc acid 277 040 031 e
was dosed at approximately 30 -38% 238 0.35 033 9637
. . 2.38 0.35 0.30 85.27
less compared to the sodium chlorite 238 0.35 029  84.49
g s o Q 12 5/16 2.38 0.35 0.27 78.17
dose rate with the conversion efficiency 238 035 023 66,69

within the range of 84% to 96%
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Optimization of ClO, Dose

Rate

The dosing control for chlorine
dioxide was monitored at sample
point # 3. A dosage of CIO, with
a residual in the range of 0.3 to
0.4ppm was controlled as per
the requirement for initial
disinfection.

A dose rate in the range of 0.18 —
0.20 ppm of residual ClIO, was
found to be optimum dose rate
and the test was continued with
this rate and monitoring the
microbiological analysis the
performance was evaluated.
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RESULTS AND DISCUSSIONS

Chlorine

Chlorine

Sample |Sample | Dioxide | Dioxide ?g,ll(g'_t)c ((,gll(gl_t)c Chlorate | Bromate Oroani Bromo | THMs |Biological -
Date Point | Residual | Residual 2 -2 (Cl0y) | (BrOy) SANCS | form | (total) | Analysis P

. . Palintest | Online

Palintest | Online
1 2 3 4 5 6 7 8 9 10 11
UoM mg/l mg/l mg/l mg/l mg/l ne/l ng/l ng/l

21/4/16 3 0.36 NA 0.03 0.03 NA <2 ND NA NA Negative NA
23/4/16 3 0.32 0.34 0.03 0.03 NA <2 ND NA NA Negative NA
24/4/16 3 0.38 0.33 0.04 0.03 NA <2 ND NA NA Negative NA
25/4/16 3 0.41 0.34 0.02 0.02 NA <2 ND 38 0.38 Negative NA
26/4/16 3 0.45 0.33 0.04 0.03 NA <2 ND 35 0.35 Negative NA
27/4/16 3 0.44 0.39 0.03 0.03 NA <2 ND 37 0.37 Negative NA
28/4/16 3 0.31 0.29 0.03 0.03 NA <2 ND 35 0.35 Negative | 8.55
30/4/16 3 0.31 0.32 0.03 0.03 NA <2 ND NA NA Negative NA
1/5/16 3 0.31 0.3 0.04 0.03 NA <2 ND 40 0.4 Negative | 7.48
2/5/16 3 0.34 0.32 0.01 0.03 NA <2 ND 38 0.38 Negative 8
3/5/16 3 0.33 0.31 0.03 0.03 0.07 <2 ND 38 0.38 Negative 8
4/5/16 3 0.34 0.33 0.03 0.03 0.05 <2 ND 35 0.35 Negative 7.9
5/5/16 3 0.25 0.3 0.03 0.04 0.07 <2 ND 33 0.33 Negative NA
7/5/16 3 0.31 0.32 0.05 0.04 NA <2 ND NA NA Negative NA
8/5/16 3 0.27 0.31 0.03 0.07 0.05 <2 ND 39 0.39 Negative 7.8
9/5/16 3 0.25 0.3 0.01 0.07 0.08 <2 ND 40 0.4 Negative NA
10/5/16 3 0.28 0.29 0.02 0.04 0.05 <2 ND 32 0.32 Negative 8.5
11/5/16 3 0.25 0.26 0.03 0.05 0.06 <2 ND 27 0.27 Negative | 7.55
12/5/16 3 0.2 0.23 0.01 0.05 0.03 <2 ND 32 0.32 Negative | 7.22
14/5/16 3 0.21 0.22 0.03 0.04 0.02 <2 ND NA NA Negative NA
15/5/16 3 0.24 0.22 0.03 0.04 NA <2 ND 32 0.32 Negative 7.2
16/5/16 3 NA NA NA NA NA NA ND NA NA Negative NA
17/5/16 3 0.24 0.22 0.03 0.04 0.01 <2 ND 33 0.33 Negative NA
19/5/16 3 0.24 0.2 0.02 0.05 NA <2 ND NA NA Negative NA
21/5/16 3 0.24 0.2 0.03 0.05 NA <2 ND NA NA Negative NA
22/5/16 3 0.21 0.18 0.02 0.05 0.01 <2 ND 35 0.35 Negative | 7.82
25/5/16 3 0.21 0.21 0.03 0.05 0.01 <2 ND 34 0.34 Negative NA
1/6/16 3 0.19 0.2 0.04 0.05 0.01 <2 ND 34 0.34 | Negative NA
7/6/16 3 0.18 0.16 0.03 0.07 0.01 <2 ND 33 0.33 Negative 7.5
8/6/16 3 0.17 0.17 0.02 0.07 0.05 <2 ND 27 0.27 | Negative NA
16/6/16 3 0.2 0.21 0.02 0.06 0.02 <2 ND 30 0.30 | Negative | 8.53
20/6/16 3 0.18 0.19 NA 0.07 0.01 <2 ND 34 0.34 | Negative | 5.53
22/6/16 3 0.2 0.19 NA 0.07 0.01 <2 ND 33 0.33 Negative | 5.36
27/6/16 3 0.19 0.2 NA 0.08 0.01 <2 ND 31 0.31 Negative | 5.25
29/6/16 3 0.19 0.21 NA 0.08 0.01 <2 ND 27 0.27 Negative | 5.27
4/7/16 3 0.2 0.15 NA 0.08 0.01 <2 ND 25 0.25 Negative | 5.31
11/7/16 3 0.19 0.2 NA 0.08 0.01 <2 ND 28 0.28 Negative 5.3
13/7/16 3 0.2 0.15 NA 0.08 NA <2 ND NA NA Negative | 5.34
18/7/16 3 0.17 0.19 NA 0.07 NA <2 ND NA NA Negative | 5.31
20/7/16 3 0.19 0.2 NA 0.09 NA <2 ND NA NA Negative | 5.20




RESULTS AND DISCUSSIONS

Disinfection By-products (Chlorite)

The concentration of the chlorite for all the sampling points was found to be
well below the regulation value (0.7 ppm, WHO), moreover, the values were
very low (0.01 — 0.04 ppm) except for the sampling point # 5 the values were a
little higher (0.04 - 0.1 ppm), which is known to occur due to
disproportionation of chlorine dioxide upon increasing pH. However, it was
interesting to note that there was no significant effect on the formation of
chlorite with adjustment of the ClO, dose.

Chlorite (ppm)

7
1|C

-]
C

......

<o o o ° < =l o o o o o
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RESULTS AND DISCUSSIONS

Chlorate

The concentration of the chlorate for all the sampling points # 3, 4 and 5 during
the optimization and for the duration of test with the optimized dose rate was
found to be well below the regulation value (0.7 ppm, WHO). Initially at a higher
dose rate of ClO,, Chlorate concentrations were found to be a little higher (0.05 -
0.14 ppm). But as the dose rate of CIO, were reduced and at the optimum dose
rate of 0.19 ppm ClO,, the chlorate values for sampling point # 4 and # 5 were
reduced and found to be in the range of 0.02 — 0.06 ppm whereas for sampling
point # 3 the values were almost consistent at 0.01ppm.

0.16 0.5

—e—Sample # 3 0.45
0.14 ~ | —=—Sample #4
\; r Sample #5 0.4
0.12 L= Chlorine dioxide
/ 0.35
0.3
0.25

X DS 0.2
0.15

T

T

T

0.1

T

Clo, (ppm)

0.08

F
L

0.06

Chlorate (ppm)

T

0.04

0.02 \ . ~ - 0.05

(0] T T T T T T T T T T T T T T T T T T (0]
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RESULTS AND DISCUSSIONS

Chlorine | Chlorine Chlorite | Chlorite
Sample | Sample | Dioxide Dioxide (€10, (€10,) Chlorate | Bromate Organics Bromo | THMs | Biological H
Date Point | Residual | Residual L2 2 (Cl0y) | (Broy) g form | (total) | Analysis p
. . Palintest | Online
Palintest Online
B ro m ate i 2 3 4 5 6 7 8 5 10 11
UoM mg/l mg/l mg/l mg/1 mg/l ng/l ng/l ng/l

H 21/4/16 3 036 NA 0.03 0.03 NA 2 ND NA NA__| Negative | _NA

B romada te conce nt ra t IONS S 3 032 034 0.03 0.03 NA 2 ND NA | NA | Negative | NA
24/4/16 3 038 0.33 0.04 0.03 NA 2 ND NA NA | Negative | NA

. 25/4/16 3 0.41 034 0.02 0.02 NA = ND 38 038 | Negative | NA

d ete r m | n e d We re fo u n d 26/4/16 3 0.45 0.33 0.04 0.03 NA ) ND 35 035 | Negative | NA
27/4/16 3 0.44 039 0.03 0.03 NA 2 ND 37 037 | Negative | NA
28/4/16 3 031 0.29 0.03 0.03 NA 2 ND 35 035 | Negative | 855

to be < 2 p p b fo r a I I t h e Dol 0,31 0.32 0.03 0.03 NA 2 ND NA | NA | Negative | NA
1/5/16 3 031 03 0.04 0.03 NA 2 ND 40 04| Negative | 748

H H 2/5/16 3 034 0.32 0.01 0.03 NA 2 ND 38 038 | Negative |__8

Sam p I N g p olIn tS 3/5/16 3 033 031 0.03 0.03 0.07 2 ND 38 038 | Negative |8
4/5/16 3 034 0.33 0.03 0.03 0.05 2 ND 35 035_| Negative | 7.9

. . . . . 5/5/16 3 0.25 03 0.03 0.04 0.07 2 ND 33 033 | Negative | NA
N d | Cat N g N eg | | g | b I e Ol [Cmps 3 031 0.32 0.05 0.04 NA =2 ND NA | NA | Negative | NA
8/5/16 3 027 031 0.03 0.07 0.05 2 ND 39 039 | Negative |78

. 9/5/16 3 0.25 03 0.01 0.07 0.08 2 ND 40 04| Negative | NA

NnNo b rom ate fo rm at To)] g Jj BUEIE 3 028 029 0.02 0.04 0.05 2 ND 32 032_| Negative |85
11/5/16 3 0.25 026 0.03 0.05 0.06 2 ND 27 0.27_| Negative | _7.55
12/5/16 3 02 0.23 0.01 0.05 0.03 = ND 32 032 | Negative | 7.22

. h C I O t t t 14/5/16 3 0.21 0.22 0.03 0.04 0.02 =2 ND NA NA | Negative | NA
Wi t 2 reatmen 15/5/16 3 0.24 0.22 0.03 0.04 NA <2 ND 32 032 | Negative |72
16/5/16 3 NA NA NA NA NA NA ND NA NA__| Negative | NA

. . 17/5/16 3 024 0.22 0.03 0.04 0.01 2 ND 33 033_| Negative | NA

d urin g t h e W h 0] I e tria I 19506 |3 024 02 002 005 NA = ND_ | NA | NA | Negative | NA
21/5/16 3 024 02 0.03 0.05 NA 2 ND NA NA | Negative | NA
. 22/5/16 3 021 0.18 0.02 0.05 0.01 2 ND 35 035 | Negative | _7.82

p e rl O d . B ro m a te 25/5/16 3 0.21 0.21 0.03 0.05 0.01 <2 ND 34 0.34 Negative NA
1/6/16 3 0.19 02 0.04 0.05 0.01 2 ND 34 034 | Nogative | _NA

t t g f h 7/6/16 3 0.18 0.16 0.03 0.07 0.01 2 ND 33 033 | Negative | 7.5
concentrations 10r eacC 8/6/16 3 0.17 0.17 0.02 0.07 0.05 2 ND 27 027__| Negative | NA
16/6/16 3 02 021 0.02 0.06 0.02 2 ND 30 030 | Negative | 8.53
. 20/6/16 3 0.18 0.19 NA 0.07 0.01 <2 ND 34 034_| Negative | 553
Sadam p I e p oINt el — 02 0.19 NA | o007 | oo = ND 33 | 033 | Negative | 536
27/6/16 3 0.19 02 NA 0.08 0.01 <2 ND 31 031 | Negative | 5.25
h h h . I 20/6/16 3 0.19 021 NA 0.08 0.01 2 ND 27 027_| Negative | 527
t rou g ou t t e t rla 477716 3 02 0.15 NA 0.08 0.01 2 ND 25 025 | Negative | 531
11/7/16 3 0.19 02 NA 0.08 0.01 2 ND 28 028 | Negative |53
13/7/16 3 02 0.15 NA 0.08 NA 2 ND NA NA | Negative | 534

18/7/16 3 0.17 0.19 NA 0.07 NA =2 ND NA | NA | Negative | 531
20/7/16 3 0.19 02 NA 0.09 NA 2 ND NA | NA | Negative | 520

Desalination Technologies Research Institute

Saline Water Conversion Corporation




RESULTS AND DISCUSSIONS

* Trihalomethanes (THMs)

Negligible or very small amount of THMs were detected, bromoform (~40 ppb)
being the predominant. It should be noted here that the THMs values are the
carryover from the chlorination of sea water and intermittent chlorine dose before
the membranes and that the values were consistent as found in the sampling point
# 2. This indicated that ClO, had no effect on the THMs formation. TTHMs were
also found to be in good control for all the sampling points (<1) and well below the
WHO regulated values of 1.

Bromoform (ppb)
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g CONCLUSIONS

» A dose rate in the range of 0.18 — 0.20 ppm as residual
ClO, was found to be optimum dose rate on the
performance of disinfection observed from the
microbiological analysis.

» Biological analyses showed total Coliforms & E.Coli in all
the sampling points was negative indicating ClO, to be
very efficient in killing the bacteria and therefore a
suitable alternative to chlorination.

»Residual ClO, at the sampling point # 4 and # 5 were
found to be in the range of 0.1-0.16 ppm.




g CONCLUSIONS

+»* Disinfection byproducts chlorite and chlorate formed
at the ClO, control point (sampling point # 3) were
found to be in the range of 0.01 — 0.04 ppm which
are well below the WHO regulation values of 0.7

ppm.

“*The combined ClO,, chlorite and chlorate
concentrations did not exceed the maximum limit of
1mgL™ currently recommended by USEPA.




e CONCLUSIONS

*+* Bromate concentrations determined were found to be
<2 ppb for all the sampling points indicating negligible
or no bromate formation with ClO, treatment.

*** Negligible or very small amounts of THMs were
detected throughout the trial even through adjusting
ClO, dose. Bromoform (~40 ppb) being the predominant
THM detected, was found to be carryover from the
chlorination of sea-water and intermittent chlorine
dose due to its presence before the RO membranes
with no significant change after ClO, injection. TTHMs
were found to be well below the WHO regulated values
of <1 throughout the whole of the trial.




g CONCLUSIONS

The consistent values of disinfection by-products
(TTHMS) recorded, resulting from the
chlorination of sea-water before and after
treatment with CIO, has proven that these
results could be avoided by use of the SENDAB
(SCOTMAS-UK) CIO, generating system.
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ClO, Generator Standards

EN 12671:2009

DRINKING WATER INSPECTORATE
Room GO01, 55 Whitehall
London SW1A 2EY

Direct Line: 0300 068 6403
Enquiries: 0300 068 6400
Facsimile: 0300 068 6401

E-mail: Joanna.hunt@defra.gsi.gov.uk
DWI Website: http://www.dwi.gov.uk

guardians of drinking water quality
Scotmas Ltd
Spylaw Rd
Kelso
The Scottish Borders
TD5 8DN
Date 11™ November 2011

Dear Mr Callachan

APPROVAL GIVEN UNDER REGULATION 31(4)(a) OF THE WATER SUPPLY (WATER QUALITY)
REGULATIONS 2000 No. 3184 & THE WATER SUPPLY (WATER QUALITY) REGULATIONS
2001 (WALES) No.3911

We are pleased to enclose the “Product Approval Confirmation” for your product for use in England
and Wales. The Drinking Water Inspectorate advises both the Secretary of State for Environment,
Food and Rural Affairs (DEFRA), and the National Assembly of Wales (collectively referred to as “the
Authorities”) on the approval of products used in the provision of public water supplies.
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