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Background Results Conclusions
Chlorine disinfection Is a treatment for water sanitation to remove pathogens like « Chlorine demand was typically lower with dichlor and trichlor than bleach, * In some samples, chlorocyanurates reduced THM4 formation. However, this
bacteria and viruses. However, one concern is disinfection byproducts (DBPs), Indicating that less free chlorine was available to react (Figure 5). trend was not present in all samples. (Figure 8). Because THM4 is regulated in
which are produced from the reaction of disinfectants with dissolved organic + While overall DBP formation was reduced with dichlor relative to bleach in the g".a.mf’ C(t)“”tt”es’ reducing THM4 formation is a favorable feature of alternative
o | | o | | : : - : Isinfectants.
matter. Chlorine is typically applied to drinking water as sodium hypochlorite surface water, DBP formation was fairly constant in groundwater (Figure 6). | | | | |
(NaOClI), to form free chlorine (HOCI). Alternative sources of free chlorine such as * In the surface water from Dhaka, dichlor formed less THM4 compared to bleach. . SD(I)%?)I(()ILingetg():h.ll?r:iﬁg::ﬁﬁg%&ﬁgﬁ%gIggs;sgenfgg;gté%nsh%t/vZAHN:Nbgrgzg_
: : : : However, in groundwater from Dhaka, there was no significant difference in - _
the solid chlorocyanurates are becoming more common (Figure 1). Sodium THM4 forma?ion (Figure 6) J be more genotoxic and cytotoxic than THM4.
c!chlormsocyanurate (d'(‘jhlor) and trlchlor.olsocyanurl.c .aC|d (.trlchlor) .are S_Ol'd_  The DBP formation behavior of chlorocyanurates resembles that of chloramines.
disinfectants that are typically used for point-of-use disinfection and in swimming . o However, since chloramines consistently reduce THM4 formation and that was
pools. These disinfectants dissociate in water to produce some free chlorine, which not the case with dichlor and trichlor in these experiments, parallels should be
. . . . . ] 2.95 . . . . .
is also the active agent in bleach, while the rest of it remains bound to the 100 drawn with caution until more is known about the mechanisms.
: : : : 2.85 <
cyanurate molecule. Little is known about DBP formation from these alternative = % 50 = T T TN
forms of chlorine, even though they were recently approved for use by public water 2 27 c B TCNM
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The goal of this project is to compare DBP formation from NaOCI, dichlor, a o 40 m HAL Groundwater Trichlor 3%
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o K‘\m Cl'f \\‘CI as TCCA (adapted Figure 5. Example chlorine - - = Lake + Br +l Dl_c o
from Wahman demand results: chlorine Surface Water Groundwater Trichlor
2018) residual as Cl, subtracted from
O O dose. In the surface water Figure 8. Relative DBP formation from dichlor and trichlor compared to bleach. Positive percentages
Sodium Trichloroisocyanuric sample from Dhaka, dichlor had Figure 6. DBP formation in surface water and (blue) indicate that more of that DBP class were formed by dichlor or trichlor compared to bleach.
Dichloroisocvanurate ) 12% lower chlorine demand than groundwater from Dhaka. Error bars indicate the Negative percentages in red indicate that less of that DBP class were formed by dichlor or trichlor.
experimental replicates.

Approach o | o | Next Steps
« THMA4 formation in Lake Lagunita water was not significantly different between

« Sampling: Water samples for these experiments were collected from drinking disinfectants when no halides were added. After adding 0.2ug/L bromide | | | |
water sources in Dhaka, Bangladesh, and from Lake Lagunita on campus. however, THM4 formation increased (Figure 7). 1) _lnvleSdt_lgatﬁ tlhe formathg of o(;he_r DBP c_:IaSS?E frlc\)lm_dlchlc;r_ andhtrllchlpr,
: " . L iIncluding haloacetic acids and nitrosamines like N-nitrosodimethylamine
- Disinfectants: Dilute NaOCI (bleach) was dosed as a liquid. Dichlor was *  With the addition of 0.1pg/L lodide, samples dosed with trichlor showed (NDMA)g 4
ground to a fine powder for dosing as a solid (Figure 2). 2500 | | o | |
. . . . . 2) Determine whether the cyanurate rings in dichlor and trichlor contribute to the
 Chlorine analysis: Free and total chlorine residuals were measured using the formation of HANs and other nitrogenous DBPs through the use of isotopic
DPD colorimetric method and a UV-Vis spectrophotometer (Figure 3). labelling
+ Experiment: After dosing water samples with chlorine, the samples were stored 2000
Ina 37°C temperature stable room for a 24 hour reaction time. 3) Investigate the impact of pH and mixing rates on DBP formation from dichlor
« DBP analysis: DBPs were extracted using a liquid-liquid extraction protocol 1500 and trichlor.
adapted from the US EPA. Gas-chromatography mass-spectrometry (GC-MS) -§'3 B TCNM
method was used to measure the concentrations of 25 volatile DBPs (Figure 4). = HAM . . . .
(Fig ) = = HK ” 4) Compare the pathogen removal efficacy of dichlor and trichlor to bleach, using
E 1000 = HAL E. coli and bacteriophage MS2 as model pathogens.
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