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described in Table 1.

Chlorine  Detection: A Hach
colorimeter was used to measure
free and total chlorine levels after
reacting with N,N-Diethyl-p-
Phenylenediamine salt (DPD) [2].
THM Analysis: Residual chlorine in
40 mL samples was quenched with
ammonium sulfate, and phosphate
was added to buffer at pH 5. THMs
were extracted by liquid-liquid
extraction and analyzed by gas
chromatography  with  electron
capture detection [3].
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Figure 2: Water Treatment Methods

Method calibration solutions (2.5 to 100 pg/L) were analyzed to make
calibration curves and quantify each THM relative to the internal

standard (IS) 1,2-Dibromopropane.
Table 1: Treatment Advantages and Disadvantages

Treatment Pros

Cons

MSR Sweetwater (NaOCl) Light weight

Inactivates viruses

Can leave chemical taste

Granular Activated Carbon (GAC) Eliminates bacteria and protozoa
Improves the taste of water in
addition to treating it

Uses no chemicals

Heavier

Requires work

Larger to pack or carry
Does not kill viruses

UV Light Light and Quick, useful at low temps
Uses no chemicals

Kills bacteria, viruses, protazoa

Requires clear water sources
Does nothing to improve aesthetic quality
of water or remove sediment

Pur Packets (Ca(OCl), + FeSO,) Light
Removes dirt, cysts, and pollutants,

and kills bacteria and viruses

Requires 30 minutes of wait time
Limited to dosing 10 liters of water per
packet

MIOX Light weight
Easily doses large volumes of water
Inactivates viruses, bacteria, giardia,

and potentially cryptosporidium.

Difficult to use - requires testing of water
and possible retreatment
Requires 30 minutes to 4 hour wait time

Sampling Sites: Grab water samples were

collected in 1L

glass bottles at 9 sites in the Seattle/Everett* area during
January and February of 2008 and 2009 (see above), and
were stored at 4°C until filtration (7 um) and treatment.

RESULTS & DISCUSSION

By Treatment Path (Table & Figure 4):
UV Light treatment (no chlorine) had the
lowest levels of THM4, followed by NaOCI
+ GAC, where GAC filtered out THMs and
chlorine. NaOCl alone and MIOX made
the most THMs. Multiple treatments of
Portage Bay allowed comparison of
treatments on the same source water.

By Location (Table & Figure 5): Only
Duwamish River and Drumheller Fountain
produced THM4 levels above the MCL.
This could be attributed to high DOC in
the source water. Inland sites like Green
Lake had the lowest levels while sites
close to salt water intrusion areas
presented the higher levels of THM4 due
to higher source bromide concentrations.
By Chlorine Consumed (Figure 6): The
THM4 levels show some correlation with
the chlorine consumed by the source
water. The highest chlorine consumption
was due to doses greater than the
manufacturer recommended dose.

Table 4: THM formation for each treatment

Figure 5: THM speciation after GAC filtration & chlorination

Treatment Average Stdev Min Max
All 38 61 bdl* 341

GAC + NaOCl 41 88 5 341

NaOCl 61 59 16 210
NaOCl + GAC 10 5 5 17
MIOX NaOCl 43 11 34 55
Ca(OCI)2 + FeS04 9 3 6 14
UV Light 1 2 bdl 3

UV Light + NaOCl 53 50 17 137

*bdl = below detection limit
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Figure 4: THM formation in Portage Bay water (C)
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Figure 6: THM formation and chlorine consumed

CONCLUSIONS

Chlorination followed by GAC gave the
lowest levels of THMs. In order to
minimize THM levels one should use UV
light treatment or GAC alone. Source
water quality is equally important to
treatment path in order to minimize THM
formation. In general, the manufacturer
recommended treatment procedures do
not produce THMs above the MCL for
drinking water.
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