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Outline

• Recent trends
• Comparison of GC and LC
• Examples of technological advantages with 

emerging environmental pollutants



Analytical Trends – An Overview

UCMR 3 (Unregulated Contaminant Monitoring Rule)
Proposed Contaminants and Corresponding Analytical Methods



New Methods for Drinking Water
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• 20 % of new methods from 
ODW are LC/MS/MS, same 
percentage as GC/MS

• 8  LC/MS/MS methods 
have been identified in the 
Standardized Analytical 
Methods   for the 
Environmental Restoration 
Following Homeland Security 
Events (SAM)
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Analytical Comparison

Analytical Step Advantages of 
Gas Chromatography

Advantages of 
Liquid Chromatography

Sample Extraction • Can reduce sample preparation steps 
and extraction times
• Can lessen the need for derivitization 
(Example 1 - phenoxy acid herbicides)

Sample Introduction • Analyte solubility and 
compatibility

• Not prone to thermal degradation 
(Example 2 - BFRs)

Analyte / Matrix 
Separation

• High efficiency and peak capacity 
– significant for multi-component 
anlayses 

• Can analyze a wider range of chemical 
species (Example 3 - PPCPs)
• UHPLC is lessening run times (Example 
4 - PAH)
• Multiple class analysis is common 
(Example 5 - Multi pesticides)
• Alternate separation mechanisms 
(Example 6 - PAH and Iodated X-ray 
media)

Analyte Ionization / 
Detection

• Robust and reproducible electron 
ionization (EI) and available 
libraries 
• Relatively inexpensive

• Specific and sensitive detection with 
LC/MS/MS and MRM - significant for 
multi-component anlayses
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Sample Introduction - Injection Port Discrimination

Heating 
Elements

Heated 
Zone

GC/MS is a suitable technique for the 
determination of TOTAL 
Hexabromocyclododecane (HBCD)

Problem with HBCD isomers undergoing 
thermal isomerization in the 
elevated temperatures of a GC 
injector port
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Viva C18 wide pore (300Å) column (5um 100mm x 2.1mm id).

Separation of HBCD diastereoisomers

Linear relationship between 10 to 5000 
pg (r2 = 0.998)

Limit of detection (on-column): 4-10 pg 
(AB Sciex 2000)

Limit of detection (on-column): 50 - 100 
fg (AB Sciex 4000)

- Detection of β-isomer

HBCD isomers accumulate differently in 
biota compared to sediment

Tomy et al., ES&T., 38 (2004) 2298-2303
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Analysis of Halogenated Flame Retardants



Analysis of Brominated Flame Retardants

Some compounds like BDE 99 and BDE 100 have the 
same ionization patterns and therefore must be 
chromatographically separated

BDE 209 and DBDPE are troublesome compounds 
when it comes to solubility. Decabromodiphenyl ether 
has <0.1 μg/L solubility in water [1]. These 
compounds are typically soluble in toluene, which is 
not readily amenable to LCMS analysis. Compounds 
such as HBCD and its individual diastereoisomers 
degrade rapidly in acetonitrile [2].

1.Agency for Toxic Substances and Disease Registry (ATSDR). 2004. “Toxicological profile for 
Polybrominated Biphenyls and Polybrominated Diphenyl Ethers.” Atlanta, GA: U.S. 

Department of Health and Human Services, Public Health Service.

2. Tomy, Gregg; Halldorson, Thor; Danell, Robert; Law, Kerri; Arsenault, Gilles; Alaee, Mehran. 
“Refinements to the diastereoisomer-specific method for the analysis of 

hexabromocyclododecane.” Rapid Commun. Mass Spectrom. 2005;19: 2819-2826



1. Min Yang , Steven Fazio, David Munch and Patrick Drumm , Journal of Chromatography A 1097 (2005) 124

Solvent Compatibility – Methanol vs. Acetonitrile

Methanol greatly enhances the 
retention and selectivity of 
aromatic, conjugated, and 

compounds containing electron 
withdrawing functionality 
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Comparison of Separations – Gas - Liquid

Deactivation

Stationary 
Phase

Capillary
Column

Increase Efficiency by decreasing 
column inner diameter (ID)

Gas – Liquid diffusion is relatively fast, highly 
temperature dependent, and utilizes “thick” 



H H

Diffusion is between two liquids 
(slow) and phase “thickness” 
must remain small < 30 Å

Comparison of Separations – Liquid- Liquid

Increase Efficiency by 
decreasing column 

particle diameter (dp)

Complex separation 
mechanisms that give 

rise to modes of 
separation

http://en.wikipedia.org/wiki/Image:Methanol-3D-vdW.png�


Efficiency

0

2000

4000

6000

8000

10000

12000

14000

16000

1 2 3 4 5 6 7 8 9 10 11

Particle Size (µm)

P
la

te
s

Theoretical Plot of Efficiency and Pressure versus Particle Size

N α L
dp

1.   L. R. Snyder and J. J. Kirkland “Introduction to Modern Liquid Chromatography” John Wiley & Sons, Inc. (1979) p.37

Pressure

0

1000

2000

3000

4000

5000

1 2 3 4 5 6 7 8 9 10 11

Particle Size (µm)

P
re

ss
u

re
 (

p
si

)

22
cp dd
FLP ηΦ

=

Ultra High Performance Liquid Chromatography



0

50000

100000

150000

200000

250000

1 2 3 4

Particle Diameter (dp)

Actual Theoretical Plates by Particle Size

Comparison of Particle Size Efficiencies

10 µm

n/m Range
30,000 –

50,000

n/m Range
190,000 –

230,000

n/m Range
60,000 –

100,000

n/m Range
100,000 –

160,000

H = 0.020mm H = 0.010mm H = 0.006mm H = 0.004mm
5 µm 3 µm 1.9 µm



Efficiency Comparison 

Peak capacity (Pc) is the number of peaks that are 
resolved within a given retention time window. 
Isocratic peak capacity :

Pc = (t2- tr1) / W [2]

Where:
t2 and tr1 = retention time of last and first eluting 
peaks
W = average peak width at baseline

Rxi®-5Sil MS  30m x 0.25mm x 0.25µm
PC = 9

Pinnacle
®

DB Aqueous C18 
50 mm x 2.1 mm ID, 1.9 µm
PC = 5



Multi Pesticide Analysis

Separation of ~ 300 pesticides on a 
polar modified reversed phase 
column with a generic gradient 
of water/methanol + volatile 
buffer (total run time 20 min)

Restek Ultra Aqueous C18 (100 x 2.1mm) 3μm
Water/methanol + 10mM ammonium formate
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Compound CAS Q1 Ions Group

Acetaminophen 103-90-2 152.2 1

Positive
ESI

Acid
Extract

Caffeine 58-08-2 195 1 

1,7-dimethylxanthine 611-59-6 181.2 1

Carbamazepine 298-46-4 237.4 1

Codeine 76-57-3 300 1

Cotinine 486-56-6 177 1

Erythromycin 114-07-8 734.4 1

Fluoxetine 54910-89-3 310.3 1

Sulfamethoxazole 723-46-6 254 1

Thiabendazole 148-79-8 202.1 1

Trimethoprim 738-70-5 291 1

Gemfibrozil 25812-30-0 249 3

Negative
ESI

Ibuprofen 15687-27-1 205.1 3

Naproxen 22204-53-1 228.9 3

Triclosan 3380-34-5 286.8 3

Albuterol 18559-94-9 240 4
Positive

ESI
Base

ExtractCimetidine 51481-61-9 253.1 4

Ranitidine 66357-35-5 315 4

Standard Preparation

Solvent Preparation

Groups 1 & 4
A: 0.3% Formic Acid, 0.1% 

Ammonium Formate in 
water

B: Acetonitrile:Methanol (1:1)

Group 3
A: 0.1% Ammonium Acetate, 

0.1% Acetic Acid in water
B: Acetonitrile:Methanol (1:1)

Extract Solvent
0.1% Formic Acid in 
Methanol: Water (75:25)

25 µg/mL in Extract Solvent

Analysis of PPCPs



Group 3Group 1 Group 4

Analysis of PPCPs
Ionization 

suppression 



Selectivity Towards Shape

o-terphenyl triphenylene

Column Dimensions: 150 x 4.6mm 5um 

MPA = Water , MPB = Methanol, 

80%B Isocratic

Flow: 1.0mL/min, 5uL injection, 

254nm,

Tanaka Relative Retention Factor v Temperature
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EPA Targeted PAHs
Pinnacle DB PAH 1.9μm 50 x 2.1mm

Mobile phase: Water/Acetonitrile, Flow: 0.6 mL/min, Temp: 30°C, UV detector: 254nm

1. Naphthalene
2. Acenaphthylene
3. 1-methylnaphthalene
4. 2-methylnaphthalene
5. Acenaphthene
6. Fluorene
7. Phenanthrene
8. Anthracene
9. Fluoranthene
10. Pyrene
11. Benzo(a)anthracene
12. Chrysene
13. Benzo(b)fluoranthene
14. Benzo(k)fluoranthene
15. Benzo(a)pyrene
16. Dibenzo(a,h)anthracene
17. Benzo(ghi)perylene
18. Indeno(1,2,3-cd)pyrene

Specifically Designed Phase – L/B ratio
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Chemical structures of X-ray contrast media
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Chemical Formula: C11H8I3N2NaO4
Exact Mass: 635.75

Diatriazoate sodium

Iopamidol and iomeprol are 
positional isomers and 
difficulty to separate

Analysis of X-Ray Agents in Wastewater



Structure of Iopamidol – isomer of Iomeprol

Iopamidol and iomeprol are 
positional isomers - need 
chromatographic separation

Iomeprol, iopromide and 
iohexol have chiral centers -
need to sum LC peaks

Analysis of X-Ray Agents in Wastewater



• Shimadzu Prominence HPLC System
• AB SCIEX API 5000TM LC/MS/MS system
• Column:  Restek Ultra Aromax 3µm, 100 x 2.1 mm
• 40°C

• Solvent A = water + 2 mM ammonium acetate
• Solvent B = methanol + 2 mM ammonium acetate

LC/MS/MS Separation Method Parameters

Time (min) %A %B
0.01 98.0 2.0
2.00 98.0 2.0

18.00 2.0 98.0
18.50 98.0 2.0
30.00 stop

• Flow rate = 0.2 mL/min
• 20µL injection volume
• All the analytes eluted within 12 minutes
• Additional time added to remove any heavy residues that may be present in 

sewage water



The HPLC Separation:
iohexol, iomeprol and iopromide result in 2–3 peaks each
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Removal of heavy molecules
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• Shimadzu Prominence HPLC System
• AB SCIEX API 5000TM LC/MS/MS system
• Column:  Restek Ultra Aromax 3µm, 100 x 2.1 mm
• 40°C

• Solvent A = water + 2 mM ammonium acetate
• Solvent B = methanol + 2 mM ammonium acetate



Multiple reaction monitoring (MRM) Table

Q1 Q3 Dwell ID CE Retention Time
(m/z) (m/z) (msec) (V)  (min)
614.8 361.0 50 diatriazoic acid 28.3 3.41
631.8 361.0 50 diatriazoic acid + NH4 37.0
777.9 558.7 50 iopamidol 32.0 7.30
794.9 558.7 50 iopamidol+ NH4 35.8
777.9 686.9 50 Iomeprol 30.0 9.00 + 9.56
794.9 686.9 50 Iomeprol + NH4 36.0
791.9 558.9 50 Iopromide 1 38.5 10.69 + 10.81
791.9 572.9 50 Iopromide 2 34.9
821.9 803.9 50 Iohexol 37.0 8.00 + 8.36
838.9 803.9 50 Iohexol + NH4 35.3

IS=5000V; GS1=60; GS2=40; Temp=680C



Summary

• UHPLC and LC/MS/MS in particular are adding 
a powerful tool to multiple industries

• Liquid Chromatography offers separation and 
detection advantages

• Liquid Chromatography is well suited for 
emerging pollutants
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