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Statement of Critical Regional or State Water Problems

The chlorination of drinking water can result in the formation of disinfection by-products
(DBPs) such as trihd omethanes and ha oacetic acids []. DBPs are probable carcinogens,
and short-term exposure can lead to dizziness, headaches, as well as problems associated
with the centra nervous system. Recent sudies have aso linked DBPs to increased
incidence of miscarriage [], recta and bladder cancer [, ], and neura tube birth defects|].
Asareault of the hedlth effects associated with DBPs, aswell as microbia pathogens,
nearly 40% of water treetment plants in the United States will have to upgrade their
systems by 2001 at an estimated cost of $10 hillion []. It is estimated that 80% of water
treatment facilities will have to make changes to meet regulatory requirements by the

year 2005 [].

The upcoming USEPA Disinfectants- Disnfection By-Products (D/DBP) Rule will
mandate improvementsin water treatment plant performance. Stage | of the D/DBP rule
will require water utilities treating surface water, or groundwater influenced by surface
water, to reduce the concentration of trihdomethanes (THMs) and haoacetic acids
(HAAS) in ther finished drinking water to 80 ng/L and 60 ng/L, respectively, or less|].
Stage |l of the D/DBP Rule, expected to be finaized in 2002, will require further
reductions in DBPs (40 ng/L and 30 ng/L for THM and HAA, respectively). In addition
to establishing maximum contaminant levels for DBPs, the D/DBP Rule will dso specify



removal requirements for natural organic matter (or "NOM™), amgor precursor to the
formation of disnfection by-products.

In the state of Ohio, 125 water trestment plants utilize lime softening for the remova of
hardness and turbidity []. To bein compliance with the D/DBP Rule, these and other lime
softening plants around the country will be required to remove 20-30% of the natura
organic matter present in their source water []. Improvements in the remova of organic
matter will most likely be accomplished through dteration of the softening process (so-
cdled "enhanced precipitative softening”), or through the addition of unit operations such
as activated carbon. Enhanced softening involves raisng the amount of lime added

during trestment (roughly 5 to 10 times) and subsequently resultsin greater chemicd

cogts and the increased production of Sudge.

Although enhanced softening results in greeter precipitation of CaCOg, previous research
indicates that even high dosages of lime (200 mg/L) may be ineffective a removing some
DBP precursors, especidly low molecular weight humic materias such asfulvic acid [].
Adsorption of fulvic acid to CaCO; precipitates during the softening processis low,
primarily due to eectrogtatic repuldon arisng from the high negative charge density of
fulvic acid and the negatively charged CaCO; surface. In addition, CaCQO; particles
formed during softening have low surface area (5 n/g) and therefore minima sites for
humic adsorption, compared to other coagulants such as ferric chloride (230 nf/g). While
the formation of Mg(OH), during softening can aid in removing DBP precursors, the
precipitation of magnesium occurs only a high pH, a condition uncommon in most water
treatment plants|].

In this research, we will investigate means to increase the remova of DBP precursors
during drinking water trestment. In particular, we will examine whether the adsorption of
humic and fulvic acids to CaCOs precipitates during lime softening can be sgnificantly
improved through the "co-adsorption” of synthetic polymers. By co-adsorption, we mean
any process by which more than one type of polymer smultaneoudy or sequentialy
adsorb to a solid surface. We believe the affinity of disinfection by-product precursors for
cacium carbonate precipitates can be improved significantly through co-adsorption, and
in particular, by the formation of humic-polymer complexes and/or through the
atachment of humic materid to polymer-coated CaCO3 surfaces.

Statement of Results or Benefits

This research will lead to a better understanding of DBP precursor removal during
lime softening, as well as result in a new gpproach for increasing the remova of organic
matter during this process. At amore fundamentd levd, thiswork will lead to a better
undergtlanding of the factors that control the co-adsorption of multiple species from
aqueous solution onto solid supports. We believe thiswork will represent the first
systematic investigation of the effect of co-adsorption processes and organic matter
characterigtics on the remova of disinfection by-products by lime softening.



Our primary god isto develop a mechanistic understanding of how co-adsorption may
improve the removad of humic materids during lime softening. The purpose of
undergtanding mechanismsis so that we may use thisinformation to rationaly design
new polymeric additives to enhance water treatment operations. Specific research
objectivesinclude; (1) To examine the remova of DBP precursors by lime softening in
the presence of anumber of different synthetic polymers. (2) To determine the properties
of organic matter and synthetic polymer (e.g., molecular weight, charge, hydrophobicity)
that influence DBP precursor remova during co-adsorption. (3) To identify the
importance of specific co-adsorption mechanisms that influence organic matter removal
during softening, such as precipitate surface modification and organic metter/polymer
interactions. Furthermore, a significant component of thiswork will involve the transfer
of information to scientists and engineers working in the water trestment field, regulators,
and to other water trestment professonas.

We believe gpplication of results generated from this research in the drinking water
trestment field will leed to a number of practical benefits. Benefits that may accrue
include a reduction in lime softening chemical costs and a reduction in the costs and
landfill requirements associated with dudge production. Application of thiswork should
also lead to a decrease in the negetive hedth effects associated with the formation of
disnfection by-products during drinking water treatment.



