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Source water: Lake Washington

Contains:

> lodide ions, | -

Trace amounts

Stuhaug,Erik (2001) Fleets and Facilities Department “Imagebank” Collection.

Introduction

The formation of disinfection byproducts (DBPs) namely trihalomethanes (THMSs)
and haloacetic acids (HAAs) from various disinfectants in the drinking water
treatment process is considered. Containing chlorine and/or bromine substituents,
these DBPs and are carcinogenic and regulated by the US EPA. Thus, the water
supply industry moved to using chloramines instead of chlorine for secondary
disinfection to produce less of the regulated compounds. But there is evidence
that chloramines also produce more iodinated DBPs (I-DBPs) [1] which have
been shown to be more toxic than other DBPs [2]. The DBP formation reaction
that occurs between disinfectants, halides and natural organic matter (NOM) is
not well characterized and this selectivity between |-DBPs and other DBPs is less
known. This study attempts to remedy these two concerns.

Project Goal

Water samples were collected from Washington lake.

« Preliminary analysis on the effect of different disinfecting agents (Cl,, Cl, + Br)
on the formation of THMs and HAAs.

* Trouble shoot and fine tune experimental and extraction procedures
« Streamline, enhance and create data analysis methods

Materials

« Conditions: 0.1 - 2 ppm bromide and 7.3 ppm of chlorine.

« Shimadzu QP-2010 Gas Chromatograph (GC) w/ Electron Capture Detector
* PerkinElmer Lambda-18 dual-beam spectrophotometer

* PerkinElmer LS-50B fluorimeter

Methods

The present method to monitor the formation of DBPs is the specific ultraviolet
absorbance (SUVA) measurement. SUVA is the UV absorbance at 254 nm
divided by the total dissolved inorganic carbon (DOC). This wavelength is used
since it is a strong indicator of the aromatic parts of NOM thought to be a major
part of the rate mechanism. But studies have shown that this method is
iInadequate [3]. The absorbance slope Index (ASI|) takes the slope from the
aromatic section (>250 nm) and divides it by the slope of the aromatic and
carboxylic section (<250 nm ). This has been shown to be an indicator of NOM
reactivity [3]. This method will be correlated with DBP yields. DBPs are extracted
by EPA methods 551.1 for THMs and 551.2 for HAAs that output chromatograms.
MatLab code is then applied to output the concentrations for each of the species.
The linear range was 10-100 ppb, with 4% reproducibility and 94% recovery.

Add Disinfectant:

\ Chloramine, NH,CI

Products:

> |-THMs and [-HAAs

> Natural Organic Matter —<

Dissolved organic carbon

> THMs and HAASs

DOC = 3.75 ppm / Cl, or (Br + Cl,)

> Bromide ions, Br
Around 0.025 ppm

Extraction

Reaction

* Liquid-Liquid extraction with a solvent
-HAA: esterification reaction (acid—ester)
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Fig. 1: GC data comparing total THM concentration over
time and different concentrations of bromide
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Fig. 2: UV data comparing different concentration of
bromide and the sample’s absorbance slope index over
time
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Absorbance Slope Index, AS/

/ Fig. 3: Comparison of the correlation between
absorbance slope index (ASI) and total THM

concentration and different concentrations of bromide.
Strength of the correlations is quantified by Spearman’s
rank correlation coefficients (p).

Results and Discussion

* With higher Br- concentration and longer reaction times
comes larger THM and HAA yields as well as lower NOM
reactivity as indicated by decreasing ASI

* The positive slope in Fig. 3 indicates that as NOM reacts
it produces DBPs in a positive fashion.

« SUVA correlates better with yields than ASI by Ap=+0.11
for THM and Ap=+0.15 for HAAs

* For stranger circumstances like the higher
concentrations (0.2 and 0.5 ppm Br-), ASI correlates
better than SUVA by Ap=+0.06 for THM and for the more
complex molecule, HAA, Ap=+0.26. This could mean
that for I-DBPs, which have a more intricate formation
process, AS| would be a better indicator.

 GC was calibrated to pick out the HAA peaks

 Wrote a 850+ line MatLab code to analyze the GC
output



