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Disclaimer

®

*Reference herein to any specific commercial products or
nonprofit organization, process, or service by trade
name, trademark, manufacturer, or other-wise, does not
necessarily constitute or imply i1ts endorsement,
recommendation, or favoring by the United States
Government. The views and opinions of authors
expressed herein do not necessarily state or reflect
those of the United States Government and shall not be
used for advertising or product endorsement purposes.




Disinfection Byproducts

Definitions
 The reaction of disinfectants used in water treatment with

naturally occurring matter (organic and inorganic) which
leads to formation of other products (byproducts)

DBP Formation

i
NOIT + BHQ/X\DBI’S




Disinfection Byproducts

Major Classes in water ’
d Account for 20-60% of DBPs during chlorination

¢ Trihalomethanes (THMSs)
*»Haloacetic acids (HAAs)
» Haloacetonitriles

» Haloketones

¢ Chloral hydrate

¢ Chloropicrin

TUSEPA. 1997. 600-R-97-122. Research Plan for Microbial Pathogens and Disinfection By-Products in
Drinking Water

>50% on a wt. basis
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A Haloacetic acids (HAAs)

Structure

Log P: 0.2-1.5




Toxicological Relevance

Toxicity
J Haloacetic acids
>

J Bromate
>

d Dalapon

Acute effects;
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Haloacetic acids

‘ Class ‘- Compound
‘ Carcinogen ‘- Bromate
Monochloroacetic acid -l
Dichloroacetic acid -l
Trichloroacetic acid -l
Monobromoacetic acid -l
Dibromoacetic acid -l
Bromochloroacetic acid -l
Bromodichloracetic acid -l
Dibromochloroacetic acid -l

Tribromoacetic acid -l
Monoiodoacetic acid -l
Chloroiodoacetic acid -l
Bromoiodoacetic acid -l
Diiodoacetic acid -.
Dalopon -.
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lodinated-HAAs
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IC/MSMS Configuration

Binary HP Gradient IC




IC-MS/MS




MassHunter
Workstation Software

Qualitative Analysis
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() Metrohm to Agilent interface () Agilent MassHunter Platform



IC Conditions

Method

Column: Metrosep A
Supp 7 (250/4.0)

« Column Temperature:
450C
« Solvent A: [85/15:

HPLC Water/ACN] +
50 mM KOH + 7 mM 0.0 20
Na,CO,, 2.0 20
- Solvent B: HPLC - 95
Water i 2
17 20
18.5 20




Mass Spectrometer

6490 Agilent MS/MS

» All parameters optimized using Agilent SourceOptimizer

Software
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Transitions
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Transitions

Compound Optimization

Precursor
lon

Product
lon

Collision
Energy
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Chromatography

10 pg/L standard in Mili-Q water

x10 2 |Cpd 3: Tribromoacetic acid: -ESI MRM Frag=380.0V CF=0.000 DF=0.000 CID@20.0 (250.9000 -> 78.9000) Dalapon TBAA Cal std ppb 10.d
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Compound LOD (S/N>3) LOQ (S/N>10)
BrOy" | 0:9* | 0.1 |
BCAA | 0.9% | 0.28 |
| 0.28 | 0.8 |
| 0.9* | 0.1 |
| 0.1 | 0:28 |
CIAA | 0.4* | 0.4 |
| N | N |
| 0.1 | 0.25 |
| 0:9* | 09 |
| 0.9* | 0.9 |
| 0.7% | 0:9 |
MCAA | 0.9% | 0.9 |
MIAA | 0.1 | 0.1 |
| 8 | 10 |
TEAR | 0.9° | 0.1 |

* SIN >10 at lowest standard (0.1 pug/L)



S/N at 0.1 ug/L

| Compound | LOD (S/N>3)

BrOy | 225 |

BCAA | 8.3 |
BRCAA | . |
CDEBAA | 4.9 |

CIAA | 17 |

| NA |

| 8.7 |

| . | e

| 10 N transitions
MBAA | 825 |l present,
MICAA | 17 |l most
MIAR | |l abundant
| . | selected
TCAR | 205 |




Method Reporting Limit (MRL)

Based on Glaser et al. (n=7)

Compound || MRL | Fortification ||Compound || MRL Fortification

(ug/L) | level (ug/L) (ug/L) level (ug/L)
oy || e || 0,25 | peaa | 040 | 0,25 |
| 040 | 0.2 | | 009 | 0.2 |
| @24 || 0.8 | | | 0.25 |
| 0@ | 0.25 | Meaa | 009 | 0.25 |
| @16 || 0.25 | MILAR | | 0.25 |
aas | 008 | 0.28 | | 85 | 10 |
| 08 | 0.25 | TEAR | @86 || ©.5 |
DE/AA | 009 | 0.25 | | | |




®

Linearity

Calibration curves from MRL - 40 ug/L

([@)e ¢ 3-i@E @) Type/tiner =
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®

Linearity

| Compound | R?

BIOg
BEAA
BDCAA
BIAA

DC/AVA

J/AVA)

EECEBER®

[ BYAVA

09971
0.9989
0.9980
0,997
0.9987
0.9981
0.9979
0.99)7/2
0.9980
0.9957
0.997/9)

Excellent
linearity.
R2>0.995
for all
compounds




Reproducibility

Intra-day:3 samples spiked at 10 ppb tested every 4 hours

Inter-day:3 samples prepared daily & spiked at 10 ppb tested every day

Intra-day | Inter-day | Compound | Intra-day | Inter Day
(RSD) (RSD) (RSD) (RSD)

BIOy | 2.4 | 5.4 | | 27 | 82 |

| 8.2 | 4.7 | | 84 | 69 |

| 8dl | 5.6 | | 12 | a7 |

| 1.4 | 5.7 | McAA | 09 | 84 |
COBAA | 16 | 5.7 | MIAS 16 | 58 |
Qs | 0.9 | a4 | | 27 | 78 |

| 8.7 | 6.8 | TCAR | as | CRINN

| 2.2 | ol | | | |




Real Samples

®

Tap water matrix spike recoveries

Compound | DI water (%) | Tap water | Compound DI water Tap water
V) V) (%)

BlLOYS | 197410 | 2055 | | 100753 | 1025510
| o210 | 10028 | || eez0 || 166 |
| 94%7 | 10024 | | 0624 | 72 |
| 109%5 | 19745 | Meaa | 2esE8 | 7421 |
| oS | 12126 | Miaa |l ozEs | o2e4 |
QAn | 1007 | 1094 | || o826 ||| 10026 |
DAL | 99¢8 | 97¢8 | Jean |l fenee |||  d07a00 |
| 1017 | Qs | | | |

4 replicate samples spiked at 10 ug/L




Real Samples

B
®
T

DI & Tap water matrix spike recoveries
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Internal Standards

®

Matrix spike recoveries

150

B DI Water
B Tap Water

125 10 ug/L IS
spiked into
each sample

100

Recovery (%)

o
i
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Conclusions

®

d IC-MS/MS is a robust analytical technique for analysis of
HAAs, bromate and Dalapon in drinking and surface
waters.

1 Statistical MRLs of 0.8-3.5 ug/L achieved with 12/15
compounds having sub 0.2 ug/L.

 Minimal sample preparation and rapid analysis time (<20
min) were achieved.

1 Very good linearity and matrix spike recoveries for all 15
compounds were observed.

4 In our work, we have NOT observed any degradation of
MCIAA as illustrated in USEPA method
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