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Abstract
This manual was devised as a one semester programs of work for the Masters in Analytical Chemistry for one day 

per week.  It was designed to demonstrate the analytical methodology and instrumentation utilized to proceed from 
the raw sample stage through sample preparation to the final analysis of reduced sample residues by capillary gas 
chromatography and GC/Mass Spectrometry. A variety of target analytes were employed to highlight the techniques to 
detect and quantify these compounds using external and internal standard addition, including selected priority pollutants 
, chloro-hydrocarbons (OCHs), polyaromatic hydrocarbons (PAHs) and chlorophenols. Liquid and solid matrices were 
employed to illustrate the analytical methodology, spiked with the target analytes to be monitored.  The USEPA method 
625 was adopted for liquid-liquid acid-base extraction of semi-volatile priority poll Representative data analyses, calibration and quantitation are not exemplified. Historic references relevant to the 
analytical methodology employed in the procedures for the laboratory manual are included.
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Calibration for GC/MS: �e concentrations of PAHs in the 
concentrated extract can be determined in two ways as follows:

Concentration range for calibration, PAH reference compounds, 
2 to 10 mgL-1, deuterated PAH internal and volumetric standards, 2 
mgL-1

Use of internal standards: �e two internal standards are to be 
added before extraction are d8-naphthalene and d10-phenanthrene 
and these are used to analyze the hydrogen analogues, h8-naphthalene 
and h10-phenanthrene. Since the analyte and internal standard 
coelute the total ion area attributable to each component cannot be 
obtained independently. However, because of the selectivity of the 
mass spectrometer speci�c (characteristic) ions, m/z, 128 and 136 
for the naphthalene analogues and 178 and 188 for the phenanthrene 
analogues can be selected for quantitation. Calibration curves can be 
constructed by plotting area ratios for each pair of speci�c ions against 
concentration ratios to obtain relative response factors. �e RRF can be 
used in the determination of the concentrations of the target analytes. 
Reference is made to the area ratios obtained for the unknown amount 
of target analyte with respect to internal standard which has been 
added initially and which is at the same concentration as that in the 
calibration standards. NB �e use of internal standards, which have 
the same chemical and physical properties as the analytes should avoid 
problems of loss during extraction and work up and any variation in 
instrument response during analysis.

Use of volumetric standards

(i)  PAHs: �e concentrations of naphthalene, phenanthrene, 
anthracene and chrysene can be obtained by reference to volumetric 
standards added to the concentrated extract. For anthracene the 
volumetric standard employed is the isotopically labelled analogue 
which coelutes. �is volumetric standard can also be used to 
determine phenanthrene and chrysene concentration. A comparison 
of the determinations using the two isotopically labelled analogues is 
of interest.

Note: d10-biphenyl, which is included here in support of d10-
anthracene as a volumetric standard in the absence of analogue 
standards, can be used to determine the concentrations of naphthalene 
and anthracene but its retention time is too far removed from chrysene 
for it to be employed in this  case as a volumetric standard.

(ii) Aldrin, dieldrin and endrin: An appropriate volumetric 
standard is decachlorobiphenyl, particularly for GC/MS in NICI mode.

Table 1.  summarizes characteristic ions for semi-volatile hazardous 
substances list (HSL-USEPA).

�e ions listed are used to detect analytes and the primary ion 
(100% base mass peak) is used in quantitation by GC/MS (USEPA 
speci�ed). �e calibration curve to obtain response factors is illustrated 
below in Figure 1 for which 
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Where CF is the concentration factor.

�e unknown concentration of the target analyte in the original 
water sample can also be determined using the calculated RRF data and 
the following equation:

                        			                   (3)

i. Recoveries

Internal standards (is), for example, d8-naphthalene and d10-
phenanthrene employed in these experiments, or authentic reference 
compounds (rc) are used in quality assurance/control to verify 
recoveries. In this instance, a known concentration of the standard 
is employed to spike into the water or soil and the area ratio (Ax/Ais 
or Ax/Arc) data a�er extraction/concentration �tted to the standard 
calibration curve to obtain the unknown concentration Cx as above 
under 2a.

For the authentic reference compound:

  =         (4)

Where the Crc and Arc are the concentration and area expected if 
no loss occurred during work- up of the sample analyzed, relating to 
the concentration of the reference compound.

 Note:  the area for the volumetric standard (Avs) is included in the 
�rst form of the equation above for  the experimental and calibration 
data to compensate for any variation in response of the detector and 
system under the two analysis conditions. �e simpli�ed second form 
of the equation is only valid if the volumetric standard shows no 
variation in response under the two analyses conditions.

Important For the Analysis of Results Obtained
�e recoveries can only be calculated for the two internal standards 

for the PAHs and for the tribromophenol, which are added prior to 
extraction and sample preparation. In addition, only single point 
averaging can be employed because the same concentration of internal 
standard has been added to each of the calibration solutions.

Experiments I and III

Environmental analysis using GC or GC/MS - Extraction 
methodology for, and the determination of base/neutral and acidic 
priority pollutants in a spiked water matrix.

Introduction

Methods for identifying and quantifying trace levels of individual 
organic compounds in potable water or wastewater requires extraction 
and a prior concentration step. �e most widely used methods are 
liquid-liquid extraction solid sorbent extraction purge and trap and 
distillation methods. �e methods described cover the determination 
of base/neutral extractable organic pollutants (OCs, PAHs, etc.) 
and acidic components (chlorophenols) as classi�ed by USEPA in 
water/waste waters. �e methods can be modi�ed and applied to the 
determination of other classes or organic pollutants, such as pesticides. 
Spiking of water samples is required to determine recoveries of 
pollutants for quality assurance/control purposes. �e analysis scheme 
for LLE applied to the water samples containing the analytes to be 
determined is illustrated in Figure 2.

Reagent, solvent and standards

a.  Hexane or DCM

b. Concentrated NaOH/H2SO4 (base/neutral and acidic priority 
pollutants, respectively)

c. Sodium chloride                                                                                                

d. Distilled water 

e. Sodium sulphate anhydrous

f. Reference standard solutions

Note all concentrations below are given in units of mg or µgL-1 in 
keeping with convention. �e labels on the bottles containing standard 
solutions of reference compounds provided signify the concentrations 
in ppm or ppb. To convert simply replace ppm or ppb by mgL-1 or µgL-1 
as appropriate.

A2. 20 mgL-1 of a mixture of naphthalene, anthracene, 
phenanthrene and chrysene

(NAPC) in hexane for calibration standards

E1. 2 mgL-1 of internal standards d8-naphthalene and d10-
phenanthrene in acetone for spiking into samples A, B, C, D and E 
F1. 2 mgL-1 of volumetric standards d3g3id extra56.romin acetone for spiking in247 43852priate.
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b. Rotary evaporator,

c. Kuderna-Danish evaporator (or micro-Snyder column)

d. Pasteur pipette

e. Manifold and nitrogen cylinder gas, fume cupboard.

�e spiked water samples, 500 mL, will be provided - unknown A, 
B, C, D and E. 1.0 ml

Solutions of 2 mgL-1 d8-naphthalene and d10-phenanthrene (E1) 
and 400 µgL-1 of tribromophenol

 (H1) internal standards, as advised in a hexane/acetone mixed 
solvent, are to be added to the 500 mL samples prior to extraction and 
work-up of the samples.

Preparation of reference standard solution for calibration:

a.	 Dispense 1.0, 2.5, and 5.0 mL of 20 mgL-1 solution (A2) of NACP 
with 2 ml of each of 10 mgL-1 solutions (E2 and F2) of internal 
and volumetric standards and make up to �nal volume in 10 ml 
graduated �asks

b.	 Dispense 1.0, 2.5, and 4.0 ml of 2 mgL-1 of the solution (B2) of 
ADE, with 1.0 ml of 4 mgL-1 of solution (G2) of DCBP and make 
up to a �nal volume of 10 ml in 10 ml graduated �asks.

c.	 Dispense 1.0, 2.0, and 4.0 ml of 2 mgL-1 solution (C2) of TCP 
with 1ml of 4 µgL-1 solution (H2) of TBP and 1 ml of 4 mgL-1 
solution (G2) of DCBP and make up to �nal volume of 10 ml 
as above.

Procedures for Experiments I and III

LLE Base/neutral component extraction (I)

Transfer 500 mL of the sample provided to 1000 ml separatory 
funnel. Add AR sodium chloride (30 g). Add internal standards - 1.0 
mL of 2 mgL-1 solution (E1) of d
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c.	 Calculate the recovery e�ciency (%) by comparing with 
amounts of internal standards, d
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extract a�er blowing down to 1 ml using GC-ECD or GC/NICI-MS 
and determine the concentration of the TCP as for the organochlorine 
components, ADE, above.

Experiment III
Adaptation of USEPA Method 625 for the Analysis of Acidic 
Priority Pollutants Involving the Derivatization of Phenols 
Using Pentafluorobenzyl Bromide

It has been reported that penta�uorobenzyl bromide can be used 
to derivatize a range of phenols at concentrations down to ca. 5 pg for 
analysis by GC-ECD. �e method is used for acidic priority pollutants, 
including trichlorophenol (TCP) and pentachlorophenol (PCP). �e 
chromatography of phenols without derivatization is aggravated by 
the presence of active (acidic) hydrogen, which leads to severe tailing 
on many columns due to the presence of active surfaces (SiOH) or 
impurities in the stationary phase (SP).

Chromatography of phenols without derivatization

US-EPA method 625 recommends direct analysis of acidic 
components – phenols, i.e., without derivatization. However, for 
optimization of the chromatography it is recommended that PCP, one 
of the PPs, is analyzed to determine the tailing factor, which is explained 
below. Observe the chromatographic peak pro�le for PCP analyzed 
directly. Tailing factors can be obtained from the peaks by drawing a 
horizontal line at 10% of the peak height from the base cutting the peak 
at points A and C, dropping a perpendicular from the apex of the peak 
to this line at B and determining the ratio of BC/AB at this 10% line. A 
tailing factor of ≥ 3/1 is unacceptable for US-EPA contract analyses and 
the column would need to be replaced or deactivated.

Chromatography of phenols with derivatization

Derivatization leads to enhancement of the chromatography, 
higher response at the peak and a correspondingly greater sensitivity 
and lower detection limit. Furthermore, if the group added is highly 
electron a�nic as with PFB then the molecule will exhibit enhanced 
GC-ECD and GC/NICI-MS responses.

ROH + PFBBr -> ROPFB + HBr ; ROPFB + e- -> RO- + PFB m/z

(M-181)- observed GC-ECD or GC/NICI-MS detection

ROPFB + e- -> ROPFB+ + 2e- ; ROPFB+ -> RO = PFB+

m/z, 181 observed GC/EI-MS detection

Method

�is method using acetonitrile as the reaction medium and 
ethyl acetate or hexane for the sample injection requires high purity 
reagents to avoid contamination by impurities and interference in 
the chromatography. All glassware should be washed with AR grade 
solvents.

PFBBr – �e amount of derivatizing agent is dispensed directly 
from neat PFBBr (Caution- lachrymator)

Reaction Protocol

Derivatization of trichlorophenol in extracts and standards by 
alkylation with penta�uorobenzylbromide

Prepare the following solution:

•	 Analyte residue 0.5 mL extract evaporated by nitrogen 
blowdown

•	 Acetonitrile- 60 µL

1.	 Add the following

•	 PFBBr- 10 µL

•	 Triethylamine- 10 µL

1.	 Leave the solution at room temperature for 15 min and then add 
0.5 mL ETOAc, mix thoroughly and add 0.5 mL hexane.

2.	 Leave the solution at room temperature ca. 15 min while a white 
precipitate forms and then wash the organic layer with 2 x 1 mL 
0.5 M HCl.

3.	 Dry the organic layer using a small amount of anhydrous sodium 
sulphate, evaporate slowly under a stream of nitrogen gas, and 
dissolve the residue in 1 mL HPLC grade hexane.

�is method also speci�es a clean-up procedure using a silica 
sorbent, which is necessary for a complex mixture/range of phenols 
but which can be omitted for a simple mixture.

Note: For derivatized calibration standards use 0.5 mL solutions of 
200 and 400 µgL-1 of TCP with 400 µgL-1 TBP.

Analysis

Conduct the analysis using GC/NICI-MS and compare with data 
obtained using GC/EI-MS if time permits. Determine the amount by 
reference to the single duplicated derivatized standard.

Furthermore, a comparison can be made with an extract and 
standards for underivatized phenols, again, if there is enough time 
available.

Results

Determine the amount in the extract and in the original spiked 
volume from Experiment 1 obtained by acid extraction. Use the results 
to obtain the % recovery of the target phenols with respect to the 
internal standard (surrogate) assuming that the losses are identical.

GC-ECD: Use the peak areas relative to TBP in the determination 
of the amounts.

a. For underivatized phenols use ions speci�ed in the page listing 
characteristic ions for quantitation again relative to TBP.

b. Note: that m/z 181 is observed by EI-MS for all derivatives of 
phenols due to PFB+. �is ion although a feature of all derivatized 
phenols (or other compounds, such as, carboxylic acids) is not a 
characteristic ion of the phenol and therefore is not diagnostic.

GC/NICI-MS: �e (M-181)- negative ion observed by NICI-MS 
would, however, be speci�c because it is the characteristic RO- ion of 
the particular target phenol and therefore is more diagnostic.

Experiment IV 
Extraction of Organochlorine Compounds and Pyrethroids from 
Sediment/Soil samples

Introduction

If possible, samples should be extracted without being dried 
because the drying process can lead to the loss of pesticides and other 
organic materials. If the sediment cannot be extracted at once, it should 
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be removed stored at low temperature in a deep freeze. Sediment may 
contain sulphides and carbonates, which must be removed prior to 
extraction of the OCs from the matrix. �ere are two procedures for 
extracting OCHs from sediments, either agitating the sediment and 
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as n-alkanes, exhibit a chromatographic pro�le indicating a regular 
elution pattern. �is type of pro�le is typical of other series the 
members of which increase in RMM by a CH2

https://www.analyticalmethodologycentre.com/images/MScEnvironmentalPracticalManual.pdf
https://www.epa.gov/sites/default/files/2017-08/documents/method_625-1_2016.pdf
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