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The work presented in this paper entails the development of a
method for haloacetic acid (HAA) analysis, Environmental
Protection Agency (EPA) method 552.2, that improves the safety
and efficiency of previous methods and incorporates three
additional trihalogenated acetic acids: bromodichloroacetic acid,
chlorodibromoacetic acid, and tribromoacetic acid, which are not
included in the previous two methods, standard method 6251B and
EPA method 552.1. The final procedure includes a microextraction
coupled with derivatization by acidic methanol. All nine possible
brominated and chlorinated HAAs are detectable at concentrations
of less than 1 pg/L. The objective of this paper is to describe the
various approaches that were explored, the conclusions that were
drawn from the associated studies, and the reasoning behind the
changes that were incorporated into EPA method 552.2.

Introduction

Disinfection of water by chlorination can lead to the forma-
tion of haloacetic acids (HAAs), which are part of a much larger
group of compounds known as disinfection byproducts (DBPs).
DBPs are formed by the reaction of free chlorine with naturally
occurring organic matter in many drinking water sources.
Many of these compounds are suspected carcinogens, and the
Environmental Protection Agency (EPA) has included many
DBPs in the Information Collection Rule (ICR) (Federal Reg-
ister Vol. 61, No. 94, pp. 24354-88) and may regulate them in
the future. The nine possible brominated and chlorinated HAAs
are of the greatest interest. Two analytical methods are cur-
rently approved for analysis of HAAs in the ICR: standard
method 6251B (1) and EPA method 552.1 (2). The former
method utilizes liquid-liquid extraction and diazomethane as a
derivatizing agent. Diazomethane efficiently esterifies the
haloacetic acids to their methyl esters; however, public con-
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cerns over the toxic properties and explosive characteristics of
diazomethane have prompted the EPA to investigate alternative
derivatization techniques. The second method, EPA method
552.1, utilizes a solid-phase extraction procedure that is subject
to considerable variability in sample matrices containing com-
peting ionic species (2).

In order to analyze for the haloacetic acids, the compounds
are first extracted from the aqueous sample. This is followed by
a derivatization procedure whereby the analytes, which are
carboxylic acids, are converted to their methyl ester forms.
This conversion is necessary for chromatographic purposes,
and the sample extracts are subsequently analyzed by a gas
chromatographic system using electron-capture detection
(GC-ECD).

Standard method 6251B requires the extraction of the
haloacetic acid compounds from the aqueous sample with
methyl fert-butyl ether (MTBE). Diazomethane, the deriva-
tizing agent, is added directly to the MTBE extract, and a very
quick, clean esterification takes place. The alkylating agent
is the extremely reactive methyl diazonium ion, which is
generated by proton transfer from the carboxylic acid to
diazomethane.

RCOgH + CH2N2 —_> [RCOZ_CH3N2+] —_> RCOZCH?, + N2

EPA method 552.1 requires extraction of the HAA com-
pounds from the aqueous sample by passing the sample
through a column of ion-exchange resin. The compounds are
then eluted with a 10% solution of H,SO, in methanol. This
acidic methanol solution also affects the esterification of the
haloacetic acids upon heating. This reaction, classically known
as the Fisher esterification, is an acid-catalyzed reaction of car-
boxylic acids with alcohols to form esters.

RCO,H + ROH —H+ —> RCO,R' + Hy0

This is an equilibrium process; using an excess of the
alcohol drives the reaction to completion. In addition to prob-
lems associated with poor analyte recoveries in high ionic
strength matrices, another drawback to this method is the GC
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column degradation caused by the acidic extracts, which is
produced as a result of the acidic methanol esterification.

Experimental

Instrumentation

A Hewlett-Packard 5880 GC with an ECD was used. A DB-
5.625 (fused silica with chemically bonded 5% phenylmethyl-
polysiloxane) fused-silica column (30 m x 0.25-mm i.d., 0.25-
um film thickness) and a DB-1701 (fused silica with chemically
bonded 14% cyanopropylphenyl-methylpolysiloxane) fused-

Table 1. Detection Limits for the HAAs

Method detection limit*

HAA (Hg)
Monochloroacetic acid (MCAA) 0.273
Monobromoacetic acid (MBAA) 0.204
Dichloroacetic acid (DCAA) 0.242
Dalapon 0.119
Trichloroacetic acid (TCAA) 0.079
Bromochloroacetic acid (BCAA) 0.251
Dibromoacetic acid (DBAA) 0.066
Bromodichloroacetic acid (BDCAA) 0.091
Chlorodibromoacetic acid (CDBAA) 0.468
Tribromoacetic acid (TBAA) 0.820

* Statistically derived and calculated by multiplying the standard deviation of the repli-
cates by the student’s t-value appropriate for a 99% confidence level and a standard

deviation estimate with a degree of freedom one less than the number of replicates.
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silica column (30 m x 0.25-mm i.d., 0.25-pum film thickness)
were used. Splitless injection mode was employed with a 30-s
delay; helium linear velocity was measured at 25 cm/s.

Reagents

Analytical standards were purchased as ampulized solutions
from Supelco (Bellefonte, PA) and Ultra Scientific (North
Kingstown, RI). Trimethylsilyldiazomethane (TMSD) was pur-
chased from Fluka (Ronkonkoma, NY). All solvents were of
analytical grade.

Results and Discussion

Method development
Extraction

In a comparison of the two existing extraction procedures of
standard method 6251B and EPA method 552.1, the MTBE
microextraction of standard method 6251B was considered more
favorable. It is much more efficient in extracting the target ana-
lytes in high ionic strength waters than the solid-phase extraction
of method 552.1. Furthermore, it is a fairly simple procedure and
utilizes relatively small amounts of solvent (a 30-mL volume of
sample is extracted with 3 mL of MTBE). Subsequently, the
extraction of method 552.2 (3) was patterned after the extraction
procedure of standard method 6251B.

Before the extraction solvent is added, several reagents are
added to the aqueous sample. First, 2 mL of sulfuric acid is
added to lower the pH of the sample to less than 0.5, thereby
insuring that the target analytes are in their acid forms. Next,
2 g of copper(Il) sulfate pentahydrate are added to color the
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Figure 1. TMSD derivatization of HAA on the DB-1701 column.
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aqueous phase and make it easier to distinguish between the
aqueous and organic phases. Finally, 16 g of sodium sulfate are
added to increase the ionic strength of the aqueous phase and
drive the HAAs into the organic phase.

Derivatization

Both TMSD and acidic methanol were evaluated as derivati-
zation techniques. TMSD was found to be an effective agent for
derivatizing the phenoxy herbicides of EPA method 515.2 (4)
and was considered as a potential derivatizing agent for the
HAAs.

Commercially prepared HAA methyl esters were analyzed
alongside HAAs that had been esterified with TMSD. Esterifica-
tion efficiencies (corrected for molecular weight) were calcu-
lated by considering the amounts of the commercially prepared
esters as the true value and the amounts obtained from the ester
derivatized in the laboratory with TMSD as the observed value
(Table II). The resulting recoveries, which ranged from approxi-
mately 80 to 100%, proved the procedure to be an efficient means
of esterification; however, the elution of the ester of bro-
mochloroacetic acid (BCAA) was masked by an undetermined in-
terferant on the DB-1701 column originally used for primary

analysis (Figure 1). Furthermore, as can be

Table 1I. Esterification Efficiencies of HAAs Derivatized with TMSD Compared ;‘:g “r;l:lfur?r}{:?fe}r];grﬂ?aitgr‘??:;%ngﬁz
with those Obtained from Derivatization with Acidic Methanol y 4
analyte peaks to be carefully integrated to
Average esterification | ensure correct baseline assignment and to
Average esterification efficiency using acidic | Preserve pgak integrity.
efficiency using TMSD as methanol as the The purity of the TMSD was checked tf)
the derivatizing agent derivatizing agent locate the source of the interferant. Derivati-
Analyte (%) (%) zation of calibration standards from a second
— vendor yielded chromatograms that contained
Monochloroacetic acid 83 84 the same interferant peaks as those from the
Monobromoacetic acid 98 90 original vendor. Several modifications of the
gf’l‘;ﬁm" e acid g; ;z temperature program were made, but none
Tr;f;mg:g:it;ﬁ :E: d 9 70 were successful in chromatographically sepa-
Bromochloroacetic acid unable to quantitate 88 rating the_ interferant from the ,eSter o_f BCAA
Dibromoacetic acid 97 100 on the primary column. Choosing a different
stationary phase was considered, but this
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Figure 2. Elution of method analytes on the primary column (DB-5.625).
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course of action was not pursued because of the high back-
ground signal and many interfering peaks generated by the
TMSD that may have caused additional coelution problems.

Acidic methanol derivatization was used for the analysis of six
HAAs in EPA method 552.1. However, the resulting acidic ex-
tract was believed to degrade chromatographic column per-
formance over time, and the derivatization of three additional
HAAs, bromodichloroacetic acid, chlorodibromoacetic acid,
and tribromoacetic acid (TBAA), had not been demonstrated.

The methylation procedure used in method 552.1 was mod-
ified to include a back-extraction with a saturated sodium
bicarbonate solution to neutralize the acidic extracts and pre-
vent any damage to the GC column. The esterification effi-
ciency of this new procedure was evaluated and found to be
comparable to that obtained using TMSD (Table II). In addition,
minimal interferences were observed, compared with those
observed with TMSD.

One problem was discovered in the acidic methanol deriva-
tization procedure. The TBAA ester gave a much lower
response than the other haloesters when analyzed at compa-
rable concentration levels. Peters et al. (5) discovered that
TBAA underwent a partial decarboxylation during esterification
with HySO,—methanol. To confirm this observation, the acidic
methanol esterification procedure was performed on a calibra-
tion standard that contained only TBAA. The analysis of this
standard produced a chromatogram that contained two peaks
of approximately the same size. The peak that eluted first was
suspected to be bromoform, the product of decarboxylation of
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TBAA, and the peak that eluted second was at the retention time
of the ester of TBAA. Analysis of a standard containing only
bromoform confirmed that TBAA did decarboxylate when
esterified using the acidic methanol procedure. The bromo-
form peak can be observed in Figure 2 as a substantial peak
eluting between the esters of Dalapon (2,2'-dichloropropionic
acid) and trichloroacetic acid.

Because a significant amount of the TBAA underwent decarb-
oxylation when it was esterified using acidic methanol, the
detection limit was considerably higher than those of the re-
maining analytes (Table I). Further work with TBAA showed
that its decarboxylation was reproducible. The relative standard
deviations calculated from replicate analyses ranged from 5 to
15% in several fortified matrices. These matrices included Ohio
River water, water from a local well with significant hardness,
Cincinnati tap water, and water that demonstrated a high total
organic carbon (TOC) content. Although the detection limit
of TBAA was considerably higher then the detection limits
observed for the remaining analytes, an accurate determination
of its concentration could be made because the loss due to
decarboxylation was reproducible and was compensated for by
the use of procedural calibration standards.

Chromatography

Chromatographic studies were performed using a Hewlett-
Packard model 5880 GC equipped with a linearized ECD. Initial
analyses were performed using a 30-m x 0.25-mm-i.d. DB-1701
chromatographic column. Derivatization with acidic methanol

Elution of BCAA and interferant

Figure 3. Acidic methanol derviatization of HAAs on the DB-1701 column.
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yielded a peak that eluted as a back shoulder to the ester of
BCAA (Figure 3). An extract exhibiting this interfering peak was
analyzed using a Varian Saturn III ion trap mass spectrometer.
The spectra obtained was tentatively identified as dimethyl sul-
fide through a computerized spectral library search. Quantita-
tive analysis could have been performed by manual integration
including only the peak area of the target ester; however, this
approach was considered unacceptable for a primary column
analysis. Modifications to the temperature program of the
instrumental analysis in an attempt to separate the ester of
BCAA and dimethyl sulfide were unsuccessful.

Table 111. Chromatographic Conditions for HAA Analysis

Primary analysis: DB-5.625

Column stationary phase Confirmation analysis: DB-1701
Column length 30m

Column inner diameter 0.25 mm

Column film thickness 0.25 pm

Injector temperature 200°C

Detector temperature 260°C

Linear velocity 24 cm/s

Injection type Splitless injection with 30-s delay

Temperature program 35°C for 10 min, increase at 5°C/min,
75°C for 15 min, increase at 5°C/min,
100°C for 5 min, increase at 5°C/min,

135°C for 2 min.

Because the most likely source of the dimethyl sulfide was
the use of sulfuric acid in the derivatization step, the use of hy-
drochloric acid in the preparation of the acidic methanol rather
than sulfuric acid was considered. An article by Shorney and
Randtke (6) studied the stability of the haloacetic acids in the
presence of HCl-methanol as compared with HySO,~methanol.
The results of their tests indicated that the HAAs were more
susceptible to speciation shifts in the presence of HCI rather
than H,SO,. Changes in analyte concentrations of 14-38%
when using HCl were documented as compared with changes
of less than 10% when using H,SO,.

For this reason, all further attention to this problem was
concentrated on chromatographic separation of the dimethyl
sulfide from analytes of interest rather than eliminating its
source. Complete resolution between all the analytes of inter-
est and known potentially interfering compounds was achieved
using a 30-m x 0.25-mm-i.d. DB-5.625 column. However,
Dalapon was observed to coelute with the original surrogate,
2-bromopropionic acid.

Attempts to separate the ester of Dalapon from the ester of
the surrogate by varying the temperature program were unsuc-
cessful. Two different surrogate compounds were considered,
2-chloropropionic acid and 3-chloropropionic acid, but their
neat materials were found to contain trace amounts of Dalapon.
Using the conditions detailed in Table III, the surrogate used by
Shorney and Randtke (6), 2,3-dibromopropionic acid, did not
interfere with any of the HAA analytes (Figure 2). Although not
suitable for automated quantitative analyses (BCAA must be
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Figure 4. Elution of method analytes on the confirmation column (DB-1701).
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manually integrated), the DB-1701 column was still recom-
mended for use as the confirmation column for this analysis
(Figure 4). Because the temperature programming was the
same for the primary and confirmation analyses, the two could
be performed simultaneously.

Once the final chromatographic column and program were
established, other DBPs that would also be extracted by the
MTBE were examined, particularly the trihalomethanes. This
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was done to ensure that these compounds did not interfere in
the chromatographic analysis of the HAAs. The retention time
data in Table IV show that the trihalomethanes did not interfere.

Associated studies

Several studies were conducted involving other factors that
influence HAA analysis. Background on each of the experi-
mental subjects as well as the results obtained and their effects
are discussed below.

Table V. Retention Times of Trihalomethanes and HAAs on the DB-5.625
Column Removal of monochloramine
Ammonium chloride was added to field
Retention time samples as a dechlorinating agent and pre-
HAA analysis (min) Trihalomethane analysis | served the samples by converting the highly
reactive free chlorine to the less reactive
5.56 Chloroform monochloramine. Subsequently, the free
9.51 Bromodichloromethane chlorine was unable to alter HAA speciation
Monochloroacetic acid 12.20 or to react with existing organic precursor
14.45 Chlorodibromomethane | - material to form additional DBPs.
Monobromoacetic acid 1575 This study concerned the removal of the
Dichloroacetic acid 16.37 monochloramine prior to extraction of the
Dalapon 17.60 HAAs. The extraction procedure required
Trichloroacetic acid ;??2 Promefor the pH of the AqUEOUS qmple t 0 be lowered
o ) to less than 0.5. This acidic environment pre-
Bromochloroacetic acid 21.60 . .
1,2,3-Trichloropropane 2217 sented the potential fqr the monochl(_)ramme
Dibromoacetic acid 20.78 to undergo hydrolysis, thus releasing free
Bromodichloroacetic acid 30,58 chlorine. This essentially reversed the work of
Chiorodibromoacetic acid 3972 the dechlorinating agent, ammonium chlo-
2,3-Dibromopropionic acid 39.92 ride. The experiment involved the use of
Tribromoacetic acid 47.28 sodium sulfite to eliminate any interferences
arising from the presence of monochloramine

Table V. Results of Seven Replicates of Chlorinated Surface Water with 100 mg/L of Ammonium Chloride, 2 Drops of
100 g/L Sodium Sulfite Added Just Prior to Extraction and Fortified with a Mid-Level Standard of HAAs and Dalapon
Background True Average

concentration value concentration SD Recovery RSD
Analyte (ug/L) (ug/L) (ug/L) (ug/l) (%) (%)
Monochloroacetic acid 4.75 3.0 7.68 0.500 97.7 6.5
Monobromoacetic acid 0.535 2.0 2.64 0.372 105 14
Dichloroacetic acid 61.5 3.0 65.5 4.24 * 6.5
Dalapon 2,97 20 5.62 0.702 132 12
Trichloroacetic acid 35.1 1.0 38.9 5.07 * 13
Bromochloroacetic acid 114 2.0 16.2 1.50 * 9.3
Dibromoacetic acid 1.25 1.0 2.55 0.320 130 12
Results of Seven Replicates for the Trihalogenated Acetic Acids (Except TCAA)

Background Spike
concentration concentration
(ng/L) (pg/L) 2 3 4 5 6 7

Bromodichloroacetic acid 1.00 2.0 8.34 10.8 10.6 2,94 7.72 t
Chlorodibromoacetic acid t 5.0 9.59 1.8 122 997 8.19 t
Tribromoacetic acid t 10 13.3 17.1 133 t 10.9 t
* Recoveries for DCAA, TCAA, and BCAA were not computed because the extremely high background levels caused the spike level to be insignificant.
t Below the detection limit.
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in the samples. Two sets of seven replicates of chlorinated sur-
face water containing the HAA compounds were analyzed. Only
ammonium chloride was added to the first set of replicate sam-
ples, whereas the second set contained ammonium chloride as
well as two drops of a 100-g/L sodium sulfite solution that was
added to each replicate just prior to extraction. The recoveries
for the three additional trihalogenated HAAs, bromodichloro-
acetic acid (BDCAA), chlorodibromoacetic acid (CDBAA), and
TBAA, were extremely variable; their concentrations ranged
from less than the detection limit to several times the expected
concentrations in the samples to which sodium sulfite was
added just prior to extraction (Table V). Due to the unexplained
variability of results obtained when sodium sulfite was added and
the fact that no problems were observed associated with the
presence of chlorine for the minimal amount of time between

acidification of the samples and extraction, subsequent studies
were not pursued.

Laboratory performance check standard
This study involved the establishment of a laboratory per-
formance check standard. This is a quality control measure
designed to ensure proper performance of the GC by evaluation
of three instrument parameters: detector sensitivity, peak sym-
metry, and peak resolution. It also serves as a check on the con-
tinuity of the instrument’s performance. The laboratory per-
formance check standard allows the analyst to ascertain
whether sensitivity has changed drastically since the analysis of
the method detection limit study (3). Sensitivity is measured by
calculating the ratio of the peak signal of the MCAA ester (mea-
sured as the height of the peak) to the baseline noise (measured
as maximum baseline variation in units of

height over a width equal to the width of the
Table VI. Holding Time Study for Aqueous Samples base of the peak). This ratio is known as the
) A signal-to-noise ratio and must be greater
Results of Seven Replicates of Fortified Reagent Water | - 3¢ 1.0 acceptable. The instrument
True Average parameter of peak symmetry is a measure of
value  concentration D Recovery  RSD the chromatographlc performance. Itis mea-
Analyte ) (ug/) wg/) (%) %) | suredby calculating the peak Gaussian factor
(PGF) of the BCAA ester using the following
equation:
Day 0
Monochloroacetic acid 3.0 2.99 0.117 99.7 39 PGF = 1.83x Wy Fal
Monobromoacetic acid 2.0 2.09 0.063 104 3.0 T Tw. qa
Dichloroacetic acid 3.0 3.14 0.104 105 33 1o
Dalapon 20 1.91 0.200 9.5 107 | where Wy, is the peak width at half the
Trichloroacetic acid 1.0 1.01 0.031 101 3.1 height, and Wy, is the peak width at one-
Bromochloroacetic acid 20 2.10 0.057 105 27 | tenth th e height. For the chromatographic
Dibromoacetic acid 1.0 1.05 0.022 105 2.1 i .
Bromodichloroacetic acid 2.0 1.99 0.118 99.5 59 | performance tobe considered acceptable, the
Chlorodibromoacetic acid 5.0 5.00 0416 100 g3 | PGF must fall between 0.80 and 1.15. The
Tribromoacetic acid 10 103 0926 103 90 | finalinstrument parameter, peak resolution,
is a measure of the column performance. It is
Day 7 measured by calculating the resolution (R)
Monochloroacetic acid 3.0 3.00 0.201 100 6.7 between the esters of CDBAA and the surro-
Monobromoacetic acid 2.0 1.89 0.038 94.5 2.0 gdate, 2,3-dibromopropionic acid, using the
Dichloroacetic acid 3.0 2.64 0.083 88.0 3.1 following equation:
Dalapon 2.0 1.80 0.104 90.0 5.8
Trichloroacetic acid 1.0 0.958 0.057 95.8 5.9 t
Bromochloroacetic acid 2.0 1.78 0.065 89.0 37 R= W Eq2
Dibromoacetic acid 1.0 0.873 0.037 87.3 4.2 ave
Bromodichloroacetic acid 2.0 2.20 0.176 110 8.0 . ) . . .
Chlorodibromoacetic acid 5.0 4.96 0.273 99.2 5.5 where £ is the difference in elution _tlmes
Tribromoacetic acid 10 9.23 0.890 923 96 | between the two peaks, and W, is the
average peak width of the two peaks as mea-
Day 14 sured at the baseline. Resolution gives a
Monochloroacetic acid 3.0 2.76 0.153 92,0 55 measure of the degree of separation of two
Monobromoacetic acid 2.0 1.86 0.098 93.0 5.3 peaks under specific chromatographic con-
Dichloroacetic acid 3.0 2.75 0.128 91.7 4.7 ditions and must be greater than 0.50 to be
Dalapon 20 1.91 0.117 95 61 | considered acceptable. Inability to demon-
;’r'g::g;’jszfczzfaci y ;‘g ?'324 g'?;g 33 '3 2§ strate acceptable instrument performance as
Dibromoacetic acid 10 0915 0.053 o15  s5g | measured by these three parameters indi-
Bromodichloroacetic acid 20 2.09 0.210 104 jo | Cates the need for re-evaluation of the
Chlorodibromoacetic acid 5.0 5.29 0.291 106 55 | instrument system. This laboratory perfor-
Tribromoacetic acid 10 8.64 0.780 86.4 9.0 mance check standard was instituted to
guarantee that instruments are performing
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optimally and therefore ensure the highest degree of accuracy
in quantitation.

Holding times

The final study conducted concerned holding time analyses
for both the aqueous samples and for the MTBE extracts. For
the holding time study of the aqueous samples, 21 replicates of
fortified reagent water were prepared. A set of seven replicates
was extracted and analyzed on day 0, and the remaining 14
samples were stored at 4°C until analyses on days 7 and 14. Per-
cent recoveries and relative standard deviations (RSDs) calcu-
lated from these analyses are reported in Table VI. All results
were between 87 and 110%, and all of the target analytes were
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considered stable in an aqueous matrix stored at 4°C for up to
14 days.

For the holding time analysis of the MTBE extracts, a set of
seven replicates of fortified reagent water was extracted and
analyzed on day 0. The MTBE extracts were then stored at 4°C
and were again analyzed on days 7 and 14 (Table VII). For the
day 7 and day 14 analyses, the analyte recoveries for the mono-
and dihalogenated HAAs and Dalapon were greater then 89%,
which demonstrated the stability of these compounds for up to
14 days when stored in MTBE at 4°C.

For the day 7 analyses, a 96% recovery of the ester of BDCAA
was obtained, whereas the esters of CDBAA and TBAA were
recovered at approximately 80%, as compared with the day 0

analysis. Recoveries continued to drop for

the day 14 analysis; BDCAA was recovered at

Table VII. Holding Time Study for MTBE Extracts approximately 80%, CDBAA was recovered
- at approximately 60%, and TBAA was recov-
Results of Seven Replicates of MTBE Extracts ered at approximately 60%. Because of this
declining trend in recoveries, stability of the
True Average trihalogenated analytes was not satisfacto-
value  concentration D~ Recovery  RSD | i}y demonstrated when stored at 4°C for
Analyte g/l (vg/L (vg/L (%) %) 1" more than 7 days.
Day 0 Standqrd preparation
Monochloroacetic acid 3.0 2.99 0.117 99.7 3.9 Previous methods have éllowed th.e usg of
Monobromoacetic acid 2.0 2.09 0.063 104 30 | methanol for the preparation of calibration
Dichloroacetic acid 30 314 0104 105 33 | and surrogate standards. Throughout the
Dalapon 20 191 0.200 955 107 | course of this research, it was discovered that
Trichloroacetic acid 1.0 1.01 0.031 101 3.1 | TBAA decarboxylates when stored in this sol-
Bromochloroacetic acid 2.0 2.10 0.057 105 27 | vent. Furthermore, Xie et al. (7) showed that
Dibromoacetic acid 1.0 1.05 0022 105 2.1 | the HAAs are subject to spontaneous methy-
Bromodichloroacetic acid 2.0 1.99 0.118 99.5 59 | lation over time when stored in methanol. As
Chlorodibromoacetic acid 5.0 5.00 0.416 100 8.3 | aresult, MTBE is required for the prepara-
Tribromoacetic acid 10 103 0.926 103 90 | tion of all standards, including fortification
standards. Because MTBE is not as miscible
Day 7 with water as methanol, it may seem
Monochloroacetic acid 3.0 2.92 0.105 97.3 3.6 | unsuitable to use it as the solvent to prepare
Monobromoacetic acid 2.0 2.14 0.126 107 59 | standards. However, method 552.2 describes
Dichloroacetic acid 3.0 3.26 0.166 109 51 | the preparation of fortification standards of
Dalapon 2.0 1.89 0.145 94.5 7.7 | high concentrations, thereby reducing the
Trichloroacetic acid 1.0 1.07 0.068 107 6.4 volume of MTBE that is injected into the
Bromochloroacetic acid 2.0 2.25 0.248 12 1 water to a minimum.
Dibromoacetic acid 1.0 1.07 0.045 107 42
Bromodichloroacetic acid 2.0 1.93 0.125 96.5 6.5
Chlorodibromoacetic acid 5.0 4,04 0.486 81 12 .
Tribromoacetic acid 10 8.53 1.20 85.3 14 Conclusion
Day 14 Thp effective featurgs of two previous}y
Monachloroacetic acid 30 285 0.219 95.0 77 | Ppublished methodologies for HAA analysis,
Monobromoacetic acid 2.0 2.05 0.075 102 3.7 standard met},wd 6251B and, EPA method
Dichloroacetic acid 3.0 3.11 0.118 104 38 | 9952.1, were incorporated into the new
Dalapon 20 178 0.132 89.0 74 | method, EPA method 552.2. In addition,
Trichloroacetic acid 1.0 0.997 0.034 99.7 3.4 | several advantageous modifications, includ-
Bromochloroacetic acid 2.0 2.09 0.107 104 5.1 ing the expansion of the analyte list to
Dibromoacetic acid 1.0 1.04 0038 104 37 | include three trihalogenated acetic acids,
Bromodichloroacetic acid 2.0 1.63 0.201 81.5 12 were accomplished. It is anticipated that the
Chlorodibromoacetic acid 5.0 3.18 0.576 63.6 18 analysts using this method will find it to be
Tribromoacetic acid 10 5.72 0.833 57.2 15 an easily understood means for obtaining
accurate quantitation for HAA compounds.
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