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Cyanogen chloride (CNCl) (CAS 506-77-4) is a common
disinfection by-product (DBP) formed in chloraminated
waters. Cyanogen bromide (CNBr) (CAS 506-68-3), the
brominated analog of CNCl, is formed in chloraminated or
ozonated waters that are high in bromide. Both CNCl and
CNBr are labile in drinking water. They undergo degra-
dation reactions at high pHs or in the presence of free
chlorine or sulfite. Because of its potential health effects,
CNCl was included in the United States Environmental

Protection Agency (USEPA) Information Collection Rule
(ICR). Aqueous standards for CNCl are generally pre-
pared with pure CNCl gas. They can also be prepared with
chlorinated or chloraminated cyanide (CN�) solutions.
Aqueous standards for CNBr are prepared with commer-
cially available CNBr. For sample preservation, ascorbic
acid is commonly used to quench the residual chlorine or
chloramines. Acid is often added to lower the pH to prevent
possible hydrolysis degradation. There are three methods
for analyzing CNCl and CNBr in drinking water samples:
purge-and-trap gas chromatography/mass spectrometry
(PT GC/MS), headspace gas chromatography/electron-
capture detection (GC/ECD), and micro liquid–liquid
extraction gas chromatography/electron-capture detection
(LLE GC/ECD). All three methods are capable of ana-
lyzing microgram per liter levels of CNCl and CNBr in
drinking water, and all three give similar method perfor-
mance, including accuracy, precision, spiking recovery,
and method detection limit. The PT GC/MS method is a
modification of the USEPA Method 524.2, which requires
the use of specialized instrumentation. Because of CNBr’s
low vapor pressure and high water solubility, the analysis of
CNBr also requires a heated purge. Headspace GC/ECD
method is a relatively simple and rapid analytical method.
As the samples are prepared individually, the method
requires a full-time analyst to prepare and inject each sam-
ple. However, this analytical procedure can be automated
using a commercially available headspace autosampler. In
general, micro LLE GC/ECD is a well developed and
common procedure for DBP analysis. The micro LLE
GC/ECD method, originally developed for CNBr analy-
sis, has been further developed for both CNCl and CNBr
analysis in drinking water. The sample injection generally
is automated with a common gas chromatography (GC)
autosampler.

1 INTRODUCTION

Since chloroform was first reported in chlorinated drink-
ing waters in the 1970s, many DBPs have been identi-
fied, including trihalomethanes (THMs), haloacetic acids
(HAAs), and other miscellaneous DBPs. To address the
concern over the presence of DBPs in finished drinking
waters, the USEPA promulgated two DBP regulations,
the ICR.1/ and the Disinfectants and Disinfection Byprod-
ucts (D-DBP) Rule..2/ New maximum contaminant levels
(MCLs) have been set by the USEPA for total THMs
and five HAAs under the D-DBP rule..2/ Chloramines,
which are inexpensive and persistent disinfectants, have
been used by many water utilities to control the formation
of DBPs. A 1989–90 survey indicated that 20% of the
utilities reported using chloramines as part of their THM
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2 ENVIRONMENT: WATER AND WASTE

minimization program..3/ The percentage could be signif-
icantly increased as a result of the D-DBP regulation.

CNCl is a product of the reaction between chloramines
and natural organic matter (such as fulvic acid or amino
acids). In a survey of 35 water utilities reported by Krasner
et al.,.4/ CNCl was detected typically in chloraminated
water but not in waters containing a free chlorine
residual. The concentration of CNCl in chloraminated
waters ranged from 1 to 12 µg L�1. CNBr, the brominated
analog of CNCl, is formed in chloraminated or ozonated
waters that are high in bromide..5,6/ In a water containing
0.11–0.39 mg L�1 of bromide, 1.5–3.7 µg L�1 of CNBr was
reported, whereas concentrations of CNCl were between
9 and 18 µg L�1..7/ In another study, increasing bromide
levels increased the concentration of CNBr and decreased
the formation of CNCl but had little effect on the sum
of the molar concentration of CNCl and CNBr, as shown
in Figure 1..8/ At bromide levels of 0.3 mg L�1 or higher,
CNBr became the dominant form.

Both CNCl and CNBr are labile in drinking waters
and undergo degradation reactions at high pHs, or in
the presence of free chlorine or sulfite. The degradation
rates were well studied by two research groups..9 – 11/

The two studies reported similar CNCl degradation
rates at various experimental conditions. At high pHs,
both CNCl and CNBr undergo hydrolysis degradation
to form cyanate. At pH 10, the half-life of CNCl has
been estimated at 43 min,.11/ and at 21 min..9/ The
half-life of CNBr was reported as 34 min at pH 10..11/

The hydrolysis degradation may significantly affect the
stability of CNCl and CNBr in distribution systems or
during sample storage. In the presence of free chlorine,
CNCl undergoes much faster degradation reactions. At
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Figure 1 Effects of bromide on the formation of CNCl
and CNBr. [Reprinted from Water Research, Vol. 27, Xie
and Reckhow, ‘A Rapid and Simple Analytical Method for
Cyanogen Chloride and Cyanogen Bromide in Drinking Water’,
511, Copyright (1993), with permission from Elsevier Science.]

pH 7 and a free chlorine concentration of 0.5 mg L�1,
the half-life of CNCl was 60 min..11/ At pH 9.2 and a
free chlorine concentration of 5.68 mg L�1, the half-life of
CNCl was 1.9 min..9/ These results may well explain why
high levels of CNCl or CNBr are rarely found in waters
containing a free chlorine residual. In the presence of
sulfite, CNCl also undergoes degradation reactions. In
the presence of 25 µM sulfite and at pH 7, the half-life of
CNCl was 76 min, whereas CNBr decomposed completely
in 5 min..11/ In another study, the half-life of CNCl was
22 min at pH 7 and in the presence of 78.9 µM sulfite..10/

Therefore, there is a need to be extremely cautious when
using sulfite to quench residual chlorine or other oxidants.

Because of its hazardous nature and possible health
effects, CNCl was listed in the USEPA’s first drinking
water priority list..12/ CNCl was also included in the
USEPA ICR which required water utilities using chlo-
ramines to monitor CNCl in their finished water. CNCl
may also become regulated under the USEPA Stage 2
D-DBP regulation. Because there are greater health con-
cerns over brominated DBPs, CNBr, a brominated DBP
in ozonated and chloraminated waters that are high in
bromide, may also be included in future regulations.

2 STANDARDS PREPARATION

Accurate and stable standards are essential for quantita-
tive analyses of environmental contaminants. Standards
are needed to prepare calibration curves and determine
other method performance parameters. For CNBr stan-
dards, the pure chemical can be purchased commercially
(e.g. Aldrich Chemical Company, Inc., Milwaukee, WI,
USA). For CNCl, pure CNCl gas (Island Pyrochem-
ical Industries, Mineola, NY, USA) or CNCl diluted
standards (Protocol Analytical Supplies, Inc., Middlesex,
NJ, USA) may be purchased. The instability of CNCl
diluted stocks and the hazardous nature and high cost
of pure CNCl gas, however, have significantly limited
the capability of many laboratories to analyze CNCl
samples..13,14/ Under the ICR, as the USEPA could not
provide performance evaluation samples or calibration
standards, no laboratory was approved for CNCl analysis
except the USEPA laboratory. All participating water
utilities were requested to send CNCl samples to the
USEPA laboratory for analysis.

2.1 Preparation of CNCl and CNBr Standards
with Neat Chemicals

CNBr primary methanolic standards are prepared gravi-
metrically. Using an analytical balance, weigh an exact
mass of pure CNBr into 10–50 mL of methanol. CNCl
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primary methanolic standards are also prepared gravi-
metrically. Because of its low boiling point, CNCl is in
gas form at room temperature. Prepare CNCl solution
as follows..7,8/ Using a glass syringe, equipped with a
luer lock adapter and a two-way syringe valve, transfer
approximately 15 mL of the pure CNCl to a preweighed
40-mL septum-capped vial containing 10 mL of methanol.
Weigh the vial again and use the weight difference to
determine the exact amount of CNCl added. This pri-
mary standard yields a concentration of approximately
2500 mg L�1. CNCl primary standards can also be pre-
pared by exhausting 10–50 mL of CNCl gas over 10 mL
methanol in a volumetric flask..13/

Secondary or tertiary standard solutions are diluted
in methanol from the primary stock. Store both CNBr
and CNCl methanolic standard solutions in a �10 °C
freezer. These standards are stable for 4–5 weeks..13/ The
stability of standards can be improved by using different
solvents (e.g. acetone or acetonitrile), as suggested by
Protocol Analytical Supplies, Inc. Aqueous standards are
prepared by diluting the secondary or tertiary standard
with reagent water. Because of the hydrolysis degradation
of both CNCl and CNBr, aqueous solutions should be
freshly prepared. Aqueous standards should be used to
prepare the calibration curves.

CNCl is a highly toxic and volatile chemical. Because
of its hazardous nature, CNCl gas is very expensive
to purchase, transport and dispose of. The price of a
bottle of gaseous CNCl ranges from US $2200 for 0.7 lb
to US $700 for 0.5 lb..14/ Be extremely cautious when
using CNCl gas. Commercial CNCl gas may contain a
high percentage of impurities (e.g. hydrogen cyanide) or
stabilizers (e.g. tetrasodium pyrophosphate) which may
significantly affect the accuracy of the analytical results.

2.2 In Situ Synthesis of CNCl Standards

In situ synthesis of CNCl standards was reported by Wu
et al..14/ The method consists of quantitatively converting
cyanide to CNCl in the presence of excess free chlorine or
chloramine T (sodium N-chloro-p-toluenesulfonamide).
As the CNCl synthesized standards are aqueous stan-
dards, there is no need to prepare primary, secondary or
tertiary methanolic standard solutions. All chemicals used
for CNCl synthesis should be reagent grade or better.

First, using an analytical balance, weigh and dissolve
0.212 g of KCN (CAS 151-50-8) into 100 mL of reagent
water..14/ This cyanide stock solution is equivalent to
847 mg L�1 of CN� or 2000 mg L�1 of CNCl solution.
Take 1 mL of the cyanide stock solution and dilute it
into 1000 mL using reagent water. The diluted cyanide
solution is the primary cyanide solution. Take 5 mL of
primary cyanide solution and dilute it with approximately
30 mL reagent water. Then add 4 mL of phosphate buffer

(0.5 M), followed by the addition of NaOCl solution at
a chlorine dose between 0.5 and 5 mg L�1. Alternatively,
2 mL of chloramine T solution may be used instead of
NaOCl solution. Immediately bring the mixture to 50 mL
with reagent water. After exactly 2 min of reaction, add
25 mg of ascorbic acid to quench residual chlorine. After
30–40 s reaction, this primary CNCl standard, with a
CNCl concentration of 200 µg L�1, is ready for further
dilution to various calibration standard concentrations.
Cap the calibration standards headspace-free and store
them at 4 °C in the dark.

The free chlorine-generated CNCl was stable for at
least 2 days, and 1 h for chloramine T-generated CNCl, as
shown in Figure 2..14/ The free chlorine-generated CNCl
could be used as a calibration standard or a quality control
check sample without repeated synthesis. Because of its
instability, chloramine T-generated CNCl needs to be
freshly synthesized; however, the synthesis is easily done
in less than 10 min.
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Figure 2 Stability tests of synthesized standards: (a) generated
with hypochlorite; (b) generated with chloramine T. [Reprinted
from Water Research, Vol. 32, Wu, Chadik and Schmidt, ‘An In
Situ Synthesis of Cyanogen Chloride as a Safe and Economical
Aqueous Standard’, 2867, Copyright (1998), with permission
from Elsevier Science.]
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As reported by Wu et al.,.14/ the synthesized CNCl
standards are comparable with standards prepared with
pure CNCl gas. Microgram quantities of synthesized
CNCl are easily disposed of by conversion to innocuous
cyanate by simply raising the pH. The in situ synthetic
procedure is a safe and economical way to prepare
CNCl standards. This procedure is especially useful for
laboratories in areas where CNCl is difficult to acquire.

2.3 Commercially Prepared Stock Standards

Commercial CNCl standards at 100, 200, 1000, 2000, or
5000 µg L�1 in acetonitrile are available from Protocol
Analytical Supplies, Inc. CNCl standards in methanol or
acetone can also be obtained from them upon special
request. The standards in methanol are least stable and
those in acetonitrile are most stable. Sealed ampules
and solvent-diluted standards should be stored at �10 °C
until use.

3 SAMPLE COLLECTION, PRESERVATION,
AND STORAGE

3.1 Sample Collection

It is recommended that CNCl and CNBr samples are
collected in duplicate or triplicate in nominal 40-mL vials
with poly(tetrafluoroethylene) (PTFE)-faced septa and
threaded polypropylene caps. If the sample is to be taken
from a tap, flush the line for approximately 5 min to allow
the water temperature to stabilize and to avoid sampling
stagnant water. Adjust the flow to a stream that is gentle
enough to prevent aeration of the sample and fill the vials.
If a preservative is present do not rinse the bottles before
filling or allow them to overflow. Seal the sample vials
headspace free.

3.2 Sample Preservation

CNCl and CNBr degrade at high pHs or in the presence of
free chlorine residual. Formation of CNCl and CNBr may
continue if both natural organic matter and a combined
chlorine residual are present. Dechlorination and pH
adjustment are recommended in combination with cold
storage to preserve the samples.

3.2.1 Dechlorination

Any free or combined chlorine residual must be
quenched. Approximately 0.1 mL of 25 mg mL�1 freshly
prepared ascorbic acid solution per 40-mL sample is
sufficient to remove a chlorine residual of 1 mg L�1. Add
an appropriate amount of ascorbic acid, but avoiding
an excess which could degrade CNCl and CNBr. Be
extremely cautious when using sulfite to quench free

or combined chlorine residual. Both CNCl and CNBr
degrade rapidly in the presence of sulfite..10,11/ Trace
amounts of sulfite carried over into the purge-and-trap
(PT) or GC (e.g. injector or column) system may also
significantly impair instrumental sensitivity for CNBr.
Ammonium chloride is not a true chlorine quenching
reagent. It converts free chlorine to combined chlorine.
Addition of ammonium chloride may not stop the contin-
uous formation of CNCl and CNBr in water samples..15/

3.2.2 pH Adjustment

To prevent the possible hydrolysis degradation of CNCl
and CNBr, the pH of the samples must be lowered
to 3.0–3.5. For typical drinking waters (i.e. not highly
buffered and at pH 7–8), add approximately 0.2 mL of
1 M sulfuric acid to each 40-mL vial. Check the pH of
unknown samples on an extra vial.

3.3 Sample Storage

Store samples iced or in a refrigerator at 4 °C. Typical
water samples, even with dechlorination, pH adjustment,
and refrigeration, should be analyzed within 48 h for
CNBr and within 2 weeks for CNCl..7/ It is best to analyze
samples for CNCl and CNBr as soon as possible after
collection.

4 ANALYTICAL METHODS

4.1 Purge-and-trap Gas Chromatography/Mass
Spectrometry

4.1.1 General Discussion

The PT technique permits introduction of a high ana-
lyte concentration into the GC or GC/MS without any
accompanying liquid (water or solvent). A high concen-
tration factor is achieved because the analyte from a
25-mL water sample is injected into the GC. Volatile
analytes are stripped from the water sample by a stream
of nonreactive gas (helium or nitrogen) and trapped
on a sorbent (resin or activated carbon). Analytes are
desorbed by rapid heating of the trap and are carried into
the GC by the carrier gas for separation and detection.
With narrow-bore GC columns, a cryo-trap is used to
refocus the compounds and reduce peak width. The PT
technique has been used for many years for the anal-
ysis of volatile organic compounds including solvents
and aromatic gasoline components, such as in USEPA
methods 524.2.16/ and 503.1..17/

The PT GC/MS method for the analysis of CNCl was
first developed by Flesch and Fair.13/ using USEPA
method 524.2..16/ The PT GC/MS method was the
approved method used to collect occurrence data from
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U.S. utilities using chloramine residuals under the ICR.
Krasner et al. modified the method to include the analysis
of CNBr in addition to CNCl..5/ Because CNBr is less
volatile than CNCl, the sample had to be heated to
achieve effective transfer to the trap. Detection is by
mass spectrometry (MS), with spectral identification and
quantitation based on a single ion chromatogram.

4.1.2 Sample Preparation and Analysis

Commercial PT systems are available or a system can
be built from a fritted gas washing bottle plumbed
to a stainless steel trap with deactivated fused silica
transfer lines to the GC/MS. First bring samples to room
temperature. Pour the sample into a 25-mL gas-tight
syringe, insert the plunger, adjust the volume to 25 mL
and add fluorobenzene (CAS 462-06-6) internal standard
to give a concentration of 0.5 µg L�1. Transfer the sample
to the purge vessel and initiate the gas flow. Purge,
trap, and desorption and GC/MS operating conditions
are given in Table 1..13,16,17/ After purging is complete,
switch the gas flow to carry the analytes from the sorbent
trap to the GC and heat the trap. Simultaneously, a short

piece of deactivated fused silica precolumn is cooled with
liquid nitrogen to refocus the analytes. Then ballastically
heat the cryotrap to inject the sample onto the analytical
GC column. The GC injector is not used. Hold the GC
oven at �10 °C from the start of sorbent trap desorption
until the start of the GC temperature program at the end
of the cryofocusing process.

Aqueous standards of CNCl and CNBr analyzed by
the same method should be used to establish a calibration
curve based on the ratio of the area of analyte divided
by the area of the internal standard. The masses used for
quantitation are 61 m/z for CNCl, 105 m/z for CNBr, and
96 m/z for the internal standard, fluorobenzene. Typical
spectra for CNCl, CNBr, and fluorobenzene, are shown
in Figure 3.

4.1.3 Discussion

Typical gas chromatograms of a PT analysis of CNCl and
CNBr calibration standard are shown in Figure 4. The GC
run time was less than 9 min. A typical calibration curve
for CNCl over a concentration range of 0.2–20 µg L�1

was linear with an R2 value of 0.997, and for CNBr over

Table 1 Operating conditions for PT GC/MS

Parameters CNCl-only method CNBr and CNCl method

PT parameters
Sample preheat Ambient 60 °C for 1.5 min
Purge conditions Ambient temperature for 4 min 60 °C for 12 min
Purge gas Helium at 40 ml min�1 Helium at 40 ml min�1

Trap type Tenax Tenax/charcoal

Desorption parameters 180 °C for 1.5 min 180 °C for 1.5 min
Cryofocusing parameters

Cooldown (liquid N2) �150 °C for 1.5 min �150 °C for 1.5 min
Thermal injection to 220 °C in 0.85 min to 200 °C in 0.75 min

GC parameters for analytical column
Type DB-5 DB-5
Length 30 m 30 m
Internal diameter 0.25 mm 0.25 mm
Film thickness 1 µm 1 µm
Injector temperature 200 °C 150 °C

Oven temperature program
Initial temperature 10 °C 10 °C
Initial holding time 4 min 2 min
Temperature ramp 20 °C min�1 15 °C min�1

Final temperature 184 °C 130 °C
Final holding time 3 min 6 min

MS parameters
GC/MS transfer line 200 °C 180 °C
Source temperature 180 °C 180 °C
MS resolution 500 or unit mass 500 or unit mass
Ionization voltage 70 eV 70 eV
Scan range 40–200 m/z 40–200 m/z
Scan time 0.6 s 0.6 s
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Figure 3 Mass spectra of CNCl, CNBr, and fluorobenzene.

a concentration range of 0.5–20 µg L�1 a quadratic fit
with an R2 value of 0.997..5/ The method detection limits,
based on seven replicate analyses, were 0.13 µg L�1 for
both CNCl and CNBr. However, the CNBr calibration
curve does not pass through zero, indicating a threshold
concentration. Therefore a minimum reporting limit of
0.5 µg L�1 is used for CNBr. By analyzing 12 treated
surface water samples spiked with 5 or 10 µg L�1 cyanogen
chloride and cyanogen bromide, the mean recovery was
determined to be 96š 18% for CNCl and 88.5š 20.9%
for CNBr..5/

The heated PT GC/MS method was the first method to
analyze CNBr in drinking water and provided valuable
information about its formation and biodegradation..5/

A good transfer efficiency (25%) was achieved for
CNBr. However, the heated PT method is difficult to
run continuously because water vapor is carried over
to the trapping system. When both CNBr and CNCl
analyzes are required, headspace GC/ECD and micro
LLE GC/ECD are more cost effective and precise
methods. Ambient temperature PT GC/MS is an efficient
method for the analysis of CNCl and can be run in
conjunction with the determination of other volatile
organic compounds. It also provides the advantage of
mass-spectral compound identification and can eliminate
interference from unresolved GC peaks.
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Figure 4 Typical selected ion chromatograms with the PT
GC/MS method.

4.2 Headspace Gas Chromatography/Electron-capture
Detection

4.2.1 General Discussion

Headspace GC method is a common procedure for ana-
lyzing volatile organic compounds in aqueous samples.
The analytical procedure includes headspace preparation
and GC analysis. The headspace preparation involves
transferring volatile substances from the liquid phase into
the gas phase (or headspace). Increasing the interfacial
area between the gas and liquid phases by shaking the
samples increases the efficiency of mass transfer and
reduces the time required for reaching the gas–liquid
equilibrium. At equilibrium, the concentration of a sub-
stance in gas phase is proportional to its concentration
in the liquid phase, according to Henry’s law. The con-
centration of the substance in the gas phase is analyzed
by GC. The calibration curves are prepared by analyzing
aqueous standards at various concentrations. As most of
the volatile substances occur in water samples at micro-
gram per liter levels, linear calibration curves are easily
obtained.
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The CNCl has a boiling point of 13.1 °C at 1 atm.
At 20 °C, the Henry’s law constant was estimated as
0.9 atm L mol�1..8/ CNBr has a boiling point of 61–62 °C
at 1 atm and a Henry’s law constant of 0.16 atm L mol�1 at
20 °C..8/ These properties indicate that CNCl and CNBr
can be easily analyzed by headspace GC/ECD.

4.2.2 Sample Preparation and Analysis

Pour water samples into 40-mL vials without aeration
and cap the vials headspace free with PTFE-faced
septa and screw caps. Prior to headspace preparation,
bring the water samples to ambient temperature (20 °C).
An internal standard, 1,2-dibromopropane (CAS 78-
75-1), may be added at this point to monitor method
performance..18/ The recommended concentration for the
internal standard is 50 µg L�1. A bare syringe needle and a
syringe equipped with a stainless steel needle are needed
to prepare the headspace. First, fill the syringe with 10 mL
of nitrogen (99.999%). Force both needles through the
septa on the sample vial. The tip of the bare needle should
be placed close to the septa and the tip of the syringe
needle should be placed in the middle of the sample
vial. While keeping the sample vial upside down, gently
depress the plunger on the nitrogen-containing syringe.
The displaced sample volume is expelled through the

Table 2 GC operating conditions for
headspace GC/ECD

Parameter Setting

Analytical column
Type DB-1701
Length 30 m
Internal diameter 0.32 mm
Film thickness 1 µm
Carrier gas nitrogen (99.999%)
Carrier gas flow 2.3 mL min�1

Oven temperature
Initial temperature 35 °C
Initial holding time 2 min
Temperature ramp 15 °C min�1

Final temperature 110 °C
Final holding time 3 min

Injector parameters
Type Split
Temperature 100 °C
Split flow 20 mL min�1

Detector
Type ECD
Temperature 250 °C
Make-up gas flow 20 mL min�1

Reprinted from Water Research, Vol. 27, Xie and
Reckhow, ‘A Rapid and Simple Analytical Method
for Cyanogen Chloride and Cyanogen Bromide
in Drinking Water’, 508, Copyright (1993), with
permission from Elsevier Science.

bare needle. Remove the needles and vigorously shake
the sample vial for 1 min by hand. After settling for
10–20 s, the gas phase is ready for sampling. Withdraw
400 µL of headspace sample using a 1 mL or 500 µL gas-
tight syringe, and inject the headspace sample into the
GC in the split mode.

A gas chromatograph equipped with a split/splitless
injector and an electron capture detector (ECD) is
required for CNCl and CNBr analysis. Typical GC
operating conditions for headspace GC/ECD are shown
in Table 2..8/

4.2.3 Discussion

Typical gas chromatograms obtained with headspace
GC/ECD are shown in Figure 5..8/ Both CNCl and CNBr
are well separated. A small negative peak was observed
just prior to the elution of CNCl..8/ This caused a non-zero
intercept in the calibration curves. This phenomenon was
not observed by Sclimenti et al..18/ The calibration curve
for CNBr always passed through the origin..8/

The method detection limits were estimated to be
0.04 µg L�1 for CNCl and 0.2 µg L�1 for CNBr..8/ By
analyzing 11 fulvic acid solution samples (4 mg L�1

dissolved organic carbon) spiked with 5 µg L�1 CNCl and
10 µg L�1 CNBr, the spiking recovery was determined
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Figure 5 Typical gas chromatograms with headspace GC/ECD.
[Reprinted from Water Research, Vol. 27, Xie and Reckhow, ‘A
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and Cyanogen Bromide in Drinking Water’, 508, Copyright
(1993), with permission from Elsevier Science.]



8 ENVIRONMENT: WATER AND WASTE

CNCl

CNBr

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0
10 15 20 25 30

Temperature (°C)

R
el

at
iv

e 
re

sp
on

se

Figure 6 Effects of extraction temperature on GC peak areas.
[Reprinted from Water Research, Vol. 27, Xie and Reckhow, ‘A
Rapid and Simple Analytical Method for Cyanogen Chloride
and Cyanogen Bromide in Drinking Water’, 509, Copyright
(1993), with permission from Elsevier Science.]

to be 91.1% for CNCl and 74.8% for CNBr. The
precision was 6.6% for CNCl and 6.2% for CNBr.
Sclimenti et al. estimated the quantitation limit for CNCl
at approximately 0.5 µg L�1..18/ By analyzing 13 water
samples spiked with 5 or 10 µg L�1 CNCl, the mean
matrix-spike recovery for CNCl was determined at
107š 14% and its precision was 14.2š 9.5%.

As shown in Figures 6 and 7, the variations of normal
room temperature and drinking water sample salinity
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Figure 7 Effects of salt addition on GC peak areas. [Reprinted
from Water Research, Vol. 27, Xie and Reckhow, ‘A Rapid
and Simple Analytical Method for Cyanogen Chloride and
Cyanogen Bromide in Drinking Water’, 509, Copyright, (1993)
with permission from Elsevier Science.]

had little impact on the analytical results..8/ Adding
supplemental salt at 100 g L�1 and/or increasing temper-
ature beyond 25 °C might improve the detection limit for
both CNCl and CNBr. However, addition of such large
amounts of any salt or heating samples at high tempera-
ture would present a new opportunity for contamination
or sample degradation, especially for CNBr.

The headspace GC/ECD method is a simple and rapid
method for analyzing CNCl and CNBr. The total time
for headspace preparation and GC analysis is less than
12 min. Having analyzed more than 250 samples with this
method,.8/ it was concluded that this method is rapid,
simple, and robust.

4.3 Micro Liquid–Liquid Extraction Gas
Chromatography/Electron-capture Detection

4.3.1 General Discussion

Liquid–liquid extraction (LLE) is a common concen-
tration procedure for organic analysis. Traditionally
a separatory funnel or a continuous extraction appa-
ratus is used to facilitate the extraction of liter-size
samples. Micro LLE uses a small volume of water
sample and extraction solvent. Generally, the extrac-
tion is conducted in a 40-mL sample vial and there is
no need to concentrate the extract. Addition of a salt
(e.g. sodium sulfate) is used to increase the extraction
efficiency and improve the separation of solvent and
aqueous phases. This extraction technique has been used
for analyzing many DBPs, including THMs (USEPA
method 551.1), HAAs (USEPA Method 552.2 and Stan-
dard Method 6251), aldehydes (Standard Method 6252),
and ketoacids..19 – 22/

The micro LLE GC/ECD method was first developed
for the analysis of CNBr in ozonated waters..6/ The
method used methyl tert-butyl ether (MTBE) (CAS 1634-
04-4) as the extraction solvent, sodium sulfate as the
supplemental salt to increase the extraction efficiency,
and GC/ECD for separation and detection. This method
was further developed and expanded for analysis of both
CNCl and CNBr in chloraminated waters..7/ A similar
method was also developed for CNCl analysis,.23/ where
cyclohexane was used as the extraction solvent.

4.3.2 Sample Preparation and Analysis

Prior to sample extraction, bring the samples to room
temperature. Use 40-mL glass vials with PTFE-faced
septa and screw caps for the sample extraction. To a
vial containing a 30-mL aliquot of sample, add 10 g
of Na2SO4 and 4 mL of MTBE spiked with 100 µg L�1

internal standard, 1,2-dibromopropane. Shake once or
twice to disperse the salt and then proceed to the next
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sample. Shake all the vials for 10 min using a mechanical
shaker or 2 min by hand. After the solvent and water
phases are well separated, transfer the MTBE layer to
two 1.5-mL autosampler vials for GC/ECD analysis. The
extracts can be stored at 4 °C for 90 days.

A gas chromatograph installed with a septum-
equipped, temperature-programmable or split/splitless
injector, ECD, and autosampler is needed for CNCl and
CNBr analysis. A 30 mð 0.32 mm, 1.8 µm film thickness
DB-624 fused silica capillary column or equivalent is
needed to obtain baseline resolution of all the analytes.
Other operating conditions are listed in Table 3..7/

4.3.3 Discussion

A typical gas chromatogram of 10 µg L�1 of extracted
CNCl, CNBr, and calibration standard (1,2-dibromo-
propane) is shown in Figure 8..7/ All three components
are well separated. The GC run time was less than 14 min.
A linear calibration curve ranging from 0.5 to 24 µg L�1

was obtained for CNCl with an R2 value of 0.9993, and

Table 3 GC operating conditions for the micro LLE
GC/ECD

Parameter Setting

Analytical column
Type DB-624
Length 30 m
Internal diameter 0.32 mm
Film thickness 1.8 µm
Carrier gas Helium (99.999%)
Carrier gas flow 3.5 mL min�1

Oven temperature program
Initial temperature 25 °C
Initial holding time 1 min
First temperature ramp 10 °C min�1

Second temperature 120 °C
Second holding time 0 min
Second temperature ramp 35 °C min�1

Final temperature 190 °C
Final holding time 1 min

Injector parameters
Type Split
Initial temperature 35 °C
Initial holding time 0 min
Temperature ramp rate 180 °C min�1

Final temperature 200 °C
Final holding time 12.59 min
Split flow 20 mL min�1

Detector
Type ECD
Temperature 300 °C
Make-up gas nitrogen (99.999%)
Make-up gas flow 27 mL min�1

Reprinted from Proceedings of the 1994 Water Quality
Technology Conference,.7/ with permission. Copyright 1995.
American Water Works Association.

−1
.8

4 −4
.4

5

−1
0.

39

B
F

 1
0

B
F

 3 P

+P

C
N

C
l -

C
N

B
r 

-

1,
2 

-D
B

P
 -

Time (min)

G
C

/E
C

D
 r

es
po

ns
e

Figure 8 A typical gas chromatogram with the micro LLE
GC/ECD method. [Reprinted from Proceedings of the 1994
Water Quality Technology Conference,.7/ with permission.
Copyright 1995. American Water Works Association.]

second-order polynomial calibration curves ranged from
0.5 to 24 µg L�1 for CNBr with an R2 value of 0.9993. The
method detection limits for CNCl and CNBr were 0.13
and 0.26 µg L�1. By analyzing 10 treated surface water
samples spiked with 5–7 µg L�1 of CNCl or CNBr the
mean recovery for CNCl was 98š 6.3%, whereas the
mean recovery for CNBr was 100š 10%. In another
study, the quantitation limit for CNCl was estimated at
0.5 µg L�1..18/

Four organic solvents were studied by Sclimenti et al..7/

Both hexane and isooctane co-eluted with CNCl and
could not be used as the extraction solvents. Pentane
extracted both CNCl and CNBr well. In comparison with
pentane, however, MTBE gave a better extraction for
CNBr, giving a similar extraction efficiency for CNCl.
Therefore, the micro LLE GC/ECD method uses MTBE
as the extraction solvent.

The effects of a salt, sodium sulfate, and shaking time
on the extraction efficiency were also studied..7/ Addition
of Na2SO4 at a concentration range from 5 g to 12 g
per 30-mL aliquot increased the extraction efficiency
of CNCl. However, CNBr recoveries began to diminish
at the same salt concentration range. This may be due
to trace levels of nucleophiles which adversely affect the
stability of CNBr..8/ For the LLE GC/ECD method, a salt
concentration of 10 g of Na2SO4 per 30-mL of aliquot and
a shaking time of 10 min were chosen. These parameters
represent a compromise among the conditions that were
most suitable for each analyte separately.

The micro LLE GC/ECD method is efficient for simul-
taneously determining both CNCl and CNBr in chloram-
inated waters. The method performance study showed a
high degree of precision and accuracy. Compared to the
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PT GC/MS system, the GC/ECD is a much more common
system in most water-testing laboratories. The down-
time for GC/ECD is significantly less than for GC/MS.
Compared to the headspace GC/ECD method, the LLE
sample injection could be easily automated with a liquid
autosampler.

5 SUMMARY

Both LLE GC/ECD and headspace GC/ECD are viable
methods for determining CNCl and CNBr in drinking
water. Selection may depend upon the resources of the
particular laboratory. The PT GC/MS method (modified
USEPA 524.2) can be efficiently used to analyze for
CNCl, especially when other volatile solvents are also
being determined and when mass spectral identification
is desired.
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D-DBP Disinfectants and Disinfection

Byproduct
ECD Electron Capture Detector
GC Gas Chromatography
GC/ECD Gas Chromatography/Electron-

capture Detection
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Chromatography/Electron-capture
Detection

MCL Maximum Contaminant Level
MS Mass Spectrometry
MTBE Methyl tert-butyl Ether
PT Purge-and-trap
PTFE Poly(tetrafluoroethylene)
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Mass Spectrometry
THM Trihalomethane
USEPA United States Environmental

Protection Agency
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