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Can we keep the cost of analysis of haloacetic acids (HAAs) down by using an alternative to Helium? “‘
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. . » H 2. Calibration curves:
IntrOd uction Com parlson Of hyd rogen to hel ilum as carrier gas The HAA methyl ester mix was diluted to prepare a six-point calibration curve with concentrations from 1 to Table 5. Calibration curve percent accuracy of measured concentrations.
Haloacetic acids (HAAs) are known carcinogens that may occur as The chromatograms obtained with H,, carrier Table 3: List of compounds analyzed and the retention times with different carrier gases. 50 ppb in wat_er. Internal standard cal!brat!ons fitted quadratically W't h T/A welghtlng W|_thout2forcmg through Expected 1ppb 2.5ppb 5ppb 10ppb 25ppb 50ppb
L : S : . 27" . . _ _ zero were built for all targets. The calibration curves and the coefficients of determination (r¢ Values) are conc.
disinfection byproducts in drinking water. Currently five HAAs are gas were compared to those obtained with Ret. Time (min) on Ret. Time (min) on H i Ei 3 and Table 4. All 12 Val hiaher than 0.995 . . : . : : . : . : : .
Rule (DBPR) and have a Maximum Contaminant Level of 60 ppb for the (H,) carrier gas to helium (He) carrier gas, we VCAA 1 "'21‘135;;'” Heg*ggef H2 é??;"er He ggg'er a) Rtx-1701 MCAA | 945 | 84.1 | 103.1 | 107.5 | 102.3 | 107.7 | 101.2 | 1025 | 98.1 | 95.5 | 100.5 | 101.4
sum of these five compounds (MCAA, MBAA, DCAA, TCAA, DBAA). The kept the same instrument settings including MBAA 2 16.06 16.03 10.07 10.02 MBAA | 84.8 | 80.1 | 107.3 | 107.8 | 106.6 | 109.1 | 102.2 | 103.1 | 96.0 | 94.9 | 101.3 | 101.7
occurrence of four more HAAs (BCAA, BDCAA, CDBAA, TBAA) is being the flow parameters (constant pressure at Dalapon 3 1854 | lo5 1284 1262 | DCAA | 838 | 78.7 | 107.6 | 109.0 | 107.6 | 108.9 | 102.4 | 103.4 | 95.6 | 94.7 | 101.4 | 1017
fns(:tizzegfsuzngEer;T)TeLf;rieSQ:ﬁ;%gdogfﬁgi‘;ﬁgﬁ n‘;(cz)fo t1ht2rg§8|)a;e§PA '”r']t'a' "”tear Ve'OC']EVH‘XAA'OCm/ Sea- The TCAA 5 2024 | 2024 1657 | 16.56 - 71 DBAA TCAA | 821 | 79.6 | 107.8 | 108.8 | 108.1 | 108.8 | 102.6 | 102.9 | 956 | 95.1 | 1012 | 101.4
: ) | cnromatograms o S using M, carrier gas | 1,2 3-Trichloropropane (internal 17.26 | 4]
HAAs (HAA5), the additional four HAAs (HAA9) and dalapon2, were nearly identical to those using He standard) 6 21.63 21.62 17.27 o100} yE DBAA 84.0 | 794 | 107.6 | 108.9 | 106.9 | 109.0 | 101.7 | 1026 | 96.4 | 95.3 | 100.9 | 101.3
Traditionally these compounds were analyzed using helium (He) carrier carrier gas (Figure 1). The retention times of BQAA‘*’_d t ; g;gg g;gg 1;-8; ];-82 i o BCAA | 80.3 | 78.5 | 105.7 | 109.0 | 107.8 | 109.2 | 103.3 | 103.3 | 95.8 | 94.8 | 101.1 | 1016
gas, the cost of which has increased tremendously over the years. In this each compound using H, or He carrier gas —TomoRy agggﬁl, (surrogate) 9 53,79 53,79 55 07 55 07 hE BDCAA | 889 | 849 | 1059 | 107.7 | 105.1 | 106.3 | 100.8 | 101.2 | 97.5 | 96.8 | 100.6 | 100.8
application, we explored using alternative hydrogen (H,) carrier gas to were shown in Table 3. The differences are DBAA 10 24.11 24.11 21.81 21.81 s A Jaaar ar=s = CDBAA | 892 | 87.0 | 1054 | 107.0 | 105.3 | 1049 | 1007 | 1012 | 976 | 972 | 1006 | 100.7
' ' i ini CDBAA®) 11 25.48 25.40 24.43 24.43 A
determine HAA concentrations according to EPA method 552.3. minimal TBAA() 12 26.71 26.71 25.85 25.86 A% o TBAA 84.8 | 83.5 | 107.0 | 108.0 { 107.2 | 10.7 | 101.7 | 101.5 | 96.4 | 96.5 | 100.9 | 100.9
Table 1: List of HAAs included in EPA 552.3 2 (*) Compounds included in HAA9 group T TBAA £ Dalapon Dalapon | 86.3 | 78.2 | 108.3 | 109.4 | 107.2 | 109.1 | 102.0 | 103.5 | 95.7 | 94.5 | 101.3 | 101.9
Compound Acronyms HAA Group | .| 5 ” - ik 3. Repeatability:
Monochloroacetic acid MCAA wuny @) HAAS, Rex-1701 column 9 1 1 b) HAAS, RXISSI-MS colum " ik i The 1 ppb standard was injected three times and the percent RSD was calculated. As
Monobromoacetic acid MBAA - H2 . shown in Table 6, all values are under 2% RSD, greatly exceeding the EPA requirement of
Dichloroacetic acid DCAA HAAS wni  ——— He 6 10 ol —— He 12 i A e aRNE TR JaCE e less than 20% RSD. The percent recovery required for MDL is +=50% of the expected value.
1I;r.|shloroacet_|c ac_': Bg':ﬁ: o . 12 o 6 10 As shown in Table 6, the mean % recovery for all compounds ranged from 76.84 to 93.80,
Ibromoacetic acid. FhAl o] s N 5 within 25% of the expected value of 1 ppb.
Bromochloroacetic acid BCAA om0 ] 5 7 . ; -
Bromodichloroacetic acid BDCAA - 8 - o e . Table 6. Repeatability results.
Chlorodibromoacetic acid CDBAA s 4 - 2 4 b 1 I Compounds Rtx-1701 Rxi5Sil-MS
Tribromoacetic acid TBAA - . 2 3 “ o NN S NE 13 P Mean % recovery %RSD Mean % recovery %RSD
o] L ¥ ] ﬁ . Y khu - JE i MCAA 93.80 0.67 84.62 1.19
u om0 o0 ik 1 13 MBAA 83.54 1.34 78.69 1.58
Experimental e I S - ML L ! f;; o ot o e 1
A Shimadzu Nexis GC-2030 with dual line split/splitless injector, dual c ] ¥ DBAA 83.23 0.86 78.40 1.42
i . o BCAA 80.20 1.72 7717 1.65
ECD'eXC_eed _deteCtor and dual aUtOSfampler was used for analysis of Figure 1: Chromatograms of 10 ppb HAA Methyl Ester Mix analyzed with indicated carrier gas on a) analytical column (Rtx-1701) and o BDCAA 88.32 0.59 8415 0.81
haloacetic acids and dalapon according to EPA method 552.3. b) confirmation column (Rxi5Sil-MS). Peaks indicated with an asterisk do not correspond to any of target peaks. 4/ BCAA & CDBAA 88 51 064 8632 081
Haloacetic acid methyl ester mix with internal standard was run on the 1 TBAA 84.14 0-83 82.82 0'77
GC system. The concentrations indicated in here represent the original - - ] i Dala ' ' ' '
- o] pon 86.92 0.70 76.84 1.62
concentration of each compound in water before extraction and EPA 552'3 Resu Its USIng H2 as carrier gas o] &
methylation (derivatization). The extraction process results in a sample 1. Blanks: " I C on CI u Si on
concen.tratlon _1_0 times that.of th? original concentration in .water. Using H, carrier gas, MTBE blanks were analyzed at the beginning of each sample run. As shown in Figure 2, the results are v _ _
Analysis conditions are outlined in Table 2 below. LabSolutions software within the acceptable criteria for the presence of targets in the blanks listed in the method, which is below 1/3 of the minimal L e R D R e D R D A D R QR DT Hydrogen carrier gas was used sucpessfully to assay I-!AA9 go_mpounds according to EPA
was used for data aCQUiSition and prOCeSSing. reporting level (1 ppb) There are two peaks (marked with asterisks) from unknown Compounds present in the blanks that do not Figgre .3. Six-po.int calibratipn curves for HAA5 on a) analytical column (Rtx-1701) and b) confirmation column methOd 552.3 on Nexis GC-2030 with .dual line Spllt/SletleSS |nJeCt0rS and ECDS The r.esults
: (Rxi5Sil-MS) using H2 carrier gas. obtained met and exceeded EPA requirements for HAA9 and dalapon, proving that H, is a
_ . . . " coelute with any of the analyte peaks. _ _ : | _ 2
Table 2: Instrument Configuration and Analysis Conditions suitable alternative carrier gas to helium. Based on current market prices for both gases, cost
oo oo Table 4. Coefficient of determination (r?) of the calibration curves ' itchi ' ' '
Shimadzu GC-2030 with dual SPL. dual ECD-2030 - ol * b) HAAS, RuisSiMS column ¥ 6 (r°) of analy3|s, when swﬂchlng from hehgm to hydrogen as carrier gas (\)NI|| decrease |
GC system exceed and dual AOC-20 Plus autosampler = a) HAAS, Rtx-1701 column - . approximately by 6.15 times when using Research Grade (99.9999%) gas or 2.69 times when
: o ] Blank Compounds r* Values using Ultra High Purity (99.999%). Additionally, laboratories will avoid potential restrictions in
Rtx-1 701, 30m x 0.25mm x O.25pm (Ilne 1) 110000 —— Blank 9 ’ —— 1ppb standard Rtx-1701 Rxi5Sil-MS . . . . .
Column RXI5SI-MS. 30m x 0.25 0.25um (line 2 . 1o0b standard 1 q helium purchasing that are being more frequently implemented by gas suppliers.
, zoote, N E L AT ook (m(,a ) o P 10 o 10 H MCAA 1.000 0.998 The method requires demonstration of
Injector Mode Split at 1:1 ratio increase to 10 after 0.5min o T 12 = i 9 12 MBAA 0.999 0.998 calibration accuracy. Specifically, the analyte REfe rences
Injection Volume 1.5pL = 8 o DCAA 0998 0998 concentrations should be within £30% of the _ o
Carrier Gas Hydrogen or Helium - . ] . 7 8 AR 998 5998 expected values, except for lowest calibration 1. EPAthe Fourth Upre_gulated Contarnlna_nt Monitoring Rule (UCMRA4) Fact Sheet for
Constant pressure at initial linear velocity of 230] 23 o] 3¢ 2 3 level, where £50% is acceptable. The Assessment Monitoring — Haloacetic Acid (HAA) (2016).
Flow mode i kg 1 DBAA 0.999 0.998 ’ , L . . . _
40cm/sec J 1 N L i | SCAR 0.998 0.998 reported concentration of each level was 2. EPA method 552.3, Determination of Haloacetic Acids and Dalapon in Drinking Water
Column Tem 35°C, 10min — 3°C/min — 65°C — 10°C/min — 85°C — - 1] N SOCAR 0'999 0'999 checked, and as shown in Table 5, all results by Liquid-liquid Microextraction, Derivatization, and Gas Chromatography with Electron
P 20°C/min — 205°C, 5min m_’r‘ - T T L o : : were within EPA’s acceptable range (+=30% of Capture Detection, EPA 815-B-03-002 (2003).
Injection Port Temp 210°C S I R R e e T e A = A=A R S " P " A R A * CDBAA 0.999 0.999 expected values).
5 - iC 790°C 2 _ o TBAA 0.999 0.999
etector Temp and Current » 2N Figure 2: Chromatograms of MTBE blanks and 1 ppb HAA Methyl Ester Mix on a) analytical column (Rtx-1701) and b) confirmation column Dalanon 0.998 0.997
Detector Gases N, 15mL/min, with Detector Constant Flow Mode (Rxi5Sil-MS) using H, carrier gas. Peaks indicated with an asterisk do not correspond to any of target peaks. P : :
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