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Background

• Drinking water routinely tested for a variety of 
contaminants

• VOCs are one class of compounds tested

• Extremely important that labs can accurately detect 
and quantify these compounds in a timely manner

• Usually analyzed using headspace or purge and trap 
methods

• U.S. EPA methods 524.2 and 524.4 are commonly 
used for the analysis of the compounds
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Objective

• To demonstrate routine analytical methods that meet 
the requirements of U.S. EPA 524.2 and 524.4 for the 
analysis of VOCs in drinking water

• Method detection limits (MDLs), linearity, precision, 
accuracy and method reporting limits (MRLs)  have 
been assessed to evaluate method performance

3 Terry.Jeffers@thermofisher.com | 10 - August - 2021



Challenges in Routine Environmental Analysis 

Meeting regulatory requirements:
• Limits of detection 
• Ongoing quality control
• Analyte compounds

Managing laboratory costs:
• Effectively using workforce 
• Limiting costs of consumables
• Simplified operation of systems  

Maintaining sample throughput:
• Ensuring samples are reported on time
• Limiting sample re-analysis 
• Limiting instrument downtime 
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Addressing These Challenges 
A model relationship for VOC analysis:

• The Atomx XYZ
• Efficient trap cooling design allows more sample 

capacity 
• Moisture control reduces peak interference and 

increases consumable lifetime

• ISQ 7000 VPI
• Eliminates downtime with vent-free column and 

source exchanged
• Sensitivity that exceeds the method requirements
• Inherent robustness for maximum uptime 

• Thermo ScientificTM ChromeleonTM

Chromatography Data System (CDS)
• Manage both the P&T and GCMS from one 

software
• Easy setup and reporting using eWorkflowTM

procedures

Tekmar Atomx XYZ Purge & Trap (P&T) coupled with 
the Thermo ScientificTM ISQTM 7000 GC-MS System 

and Thermo ScientificTM TRACETM 1310 Gas 
Chromatograph
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U.S. EPA 524.2 Outline

• Analysis of 80 VOCs

• Purge 5 mL sample for 11 minutes at 40 mL/min with a 4 min desorb time

• Response factor RSD must be <20%

• MDLs determined using 7 low level standards

• Initial demonstration of capability (IDC) shown using 7 mid-level standards

• Accuracy 80-120%

• RSD <20%

• Calibration check standard every 12 hours
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5 μL IS/SS 
added to 

standard for a 
resulting 

concentration 
of 25 μg/L 

5 mL standard 
taken for 
analysis

Diluted with 
deionized 

water to create 
11 calibration 
standards in 
range 0.05 to 

50 μg/L

Working 
standard 

containing 80 
compounds at 
25 μg/mL in 
methanol 
prepared

Drinking water 
VOA MegaMix, 

Ketone mix 
and 502.2 

calibration mix 
purchased 

from Restek

Standard Preparation

Fluorobenzene, 4-bromofluorobenzene 
and d4-1,2-dichlorobenzene standards* 
purchased from Restek

Internal and surrogate 
standard solution (IS/SS) 
prepared by diluting to 25 
μg/mL with methanol

*Fluorobenzene used as internal standard, 4-bromofluorbenzene and d4-1,2-dichlorobenzene used as surrogates
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U.S. EPA 524.2 Instrument Parameters
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U.S. EPA 524.2 Results
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Calibration and sensitivity results
• Response factor %RSDs at or below 10% for 33 of the 80 target compounds. All were <20%
• MDLs below 0.25 ppb for ALL compounds and below 0.15 ppb for 60 of 80 compounds
• IDC achieved with all compounds having recovery of 100±20% except for iodomethane and <20% RSD of 

recovery

U.S. EPA 524.2 Results
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U.S. EPA 524.2 Results

Precision and accuracy results
• IDC achieved with all compounds having recovery of 100±20% except for iodomethane and <20% RSD of 

recovery
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U.S. EPA 524.2 Results
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Transitioning from U.S. EPA 524.2 
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U.S. EPA 524.4 Differences

• Analysis of 75 VOCs

• More flexibility with method parameters but stricter QC requirements

• Response factor RSD must be <20%

• MDLs determined using 7 low level standards

• Initial demonstration of capability (IDC) shown using 7 mid-level standards

• Accuracy 80-120%

• RSD <20%

• Calibration check standard every 12 hours
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• BFB (Bromofluorobenzene) criteria changes – 50 and 75 m/z removed

• MS Tune Check (BFB) prior to Initial Calibration and after MS Maintenance
• Daily BFB analysis is not required 

U.S. EPA 524.4 Differences
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5 μL IS/SS 
added to 

standard for a 
resulting 

concentration 
of 12.5 μg/L 

5 mL of 
standard taken 

for analysis

Diluted with 
deionized 

water to create 
9 calibration 
standards in 
range 0.2 to 

50 μg/L

Working 
standard 

containing 75 
compounds at 
25 μg/mL in 
methanol 
prepared

524.3 VOA 
MegaMix, and 

524.3 Gas 
Calibration mix 

purchased 
from Restek

Standard Preparation

1,4-difluorobenzene, d4-1,4-
dichlorobenzene, d5-chlorobenzene, 
d3-methyl-tert-butylether, 4-
bromofluorobenzene and d4-1,2-
dichlorobenzene standards* 
purchased from Restek

Internal and surrogate 
standard solution (IS/SS) 
prepared by diluting to 12.5 
μg/mL with methanol

* 1,4-difluorobenzene, d4-1,4-dichlorobenzene, d5-chlorobenzene used as internal standard, d3-methyl-tert-
butylether, 4-bromofluorobenzene and d4-1,2-dichlorobenzene used as surrogates
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U.S. EPA 524.4 Method
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U.S. EPA 524.4 Results
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U.S. EPA 524.4 Results
Calibration results

• r² ≥0.999 for 40 of the 75 target compounds
• Only 4 target compounds had a quadratic calibration
• MDLs below 0.25 ppb for all compounds, except for Iodomethane and at or below 0.10 ppb for 45 of 75 

compounds
• MRL confirmation for all compounds
• IDC criteria met with precision <9% RSD and recovery between 96-120%

Compound
Calibration MDL MRL Confirmation 

r² Avg. 
RF (ppb) %RSD LPIR (≥50%) UPIR 

(≤150%)
Dichlorodifluoromethane 0.999 0.339 0.11 7.9 61 117
Chlorodifluoromethane 0.998 0.851 0.10 5.1 96 144
Chloromethane 0.999 1.27 0.14 9.9 53 121
Vinyl Chloride 0.998 0.470 0.11 6.0 91 148
1,3‐Butadiene 0.999 0.415 0.13 7.0 84 149
Bromomethane 0.997 0.416 0.13 9.8 52 117
Trichlorofluoromethane 0.999 0.481 0.11 6.3 88 146

Compound
Calibration MDL MRL Confirmation 

r² Avg. 
RF (ppb) %RSD LPIR (≥50%) UPIR 

(≤150%)
Methyl‐tert‐butyl‐Ether 0.995 0.878 0.10 5.6 85 133
1,3‐Dichlorobenzene 0.999 1.44 0.13 6.8 86 149
1,4‐Dichlorobenzene 0.999 1.47 0.14 7.9 78 150
1,2‐Dichlorobenzene 0.999 1.41 0.14 7.7 77 146

Bromobenzene 0.998 0.847 0.06 3.2 104 135
2‐chlorotoluene 0.999 1.88 0.12 7.2 78 139
4‐chlorotoluene 0.999 1.96 0.12 6.7 84 144

1,2,4‐Trimethylbenzene 0.999 1.96 0.13 7.4 79 145
sec‐Butylbenzene 0.999 2.50 0.13 8.0 72 139

1,2,4‐Trichlorobenzene 0.995 0.922 0.19 10.2 86 147
Naphthalene 0.996 1.85 0.12 6.6 82 143

1,2,3 Trichlorobenzene 0.995 0.887 0.15 8.5 74 14919 Terry.Jeffers@thermofisher.com | 10 - August - 2021



U.S. EPA 524.4 Results
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Injections

Bromomethane - 6.8 %RSD

Chloroform - 6.2 %RSD

Bromodichloromethane - 6.2 %RSD

1,3-Dichloropropane - 7.3 %RSD

1,2,3-Trichloropropane - 6.9 %RSD

1,2,4-Trichlorobenzene - 8.2 %RSD

20 Terry.Jeffers@thermofisher.com | 10 - August - 2021



Chromeleon CDS Benefits

• One Software Control for GCMS and Tekmar Purge and Trap 
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Chromeleon CDS Benefits

• Data Review – at a glance 
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Conclusions

• The combined analytical solution with the TRACE 1310 GC coupled to the ISQ 7000 MS system and the 
Atomx XYZ P&T system provides clear advantages for U.S. EPA Method 524.2 and EPA 524.4

• Combination of the Atomx XYZ P&T system, the TRACE 1310 GC and the ISQ7000 MS, addresses the 
challenges of VOC analysis, providing a robust, sensitive solution ensuring maximized instrument output 
and routine regulatory method compliance

• The system exceeds all the requirements outlined in U.S. EPA Methods 524.2 and 524.4 for analysis of 
purgeable VOCs in water

• Excellent calibrations were achieved meeting the r2 and response factor RSD requirements

• Excellent MDL, precision, accuracy and MRL confirmation was obtained showing no interference from 
excessive water and produced very reproducible results for both methods

• Instrument stability has been demonstrated over longer runs, ensuring consistent results can be obtained
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Application Notes AN65632 and AN73415
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Thank you
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