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TABLE II (continued)
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Peak no. Compound

107 1,3-Dimethyl-2- + 1,2-Dimethyl-4-ethylbenzene
108 Dimethylethylbenzene
109 Nonanal
110 n-Undecane
III 1,2,4,5-Tetramethylbenzene
112 1,2,3,5-Tetramethylbenzene
113 2,3-Dihydro-5-methyl-1 H-indene
114 4-Terpineol
liS Naphthalene
116 a-Terpineol
117 Decanal
118 n-Dodecane
119 2-Methylnaphthalene
120 a C ll aldehyde
121 3-Methylnaphthalene
122 Geraniol

to a maximum of 50.0 f.Lg m- 3 per component. Vol
atile freons such as 1,1,2-trichloro-l ,2,2-trifluo
roethane (i.e. Freon-l13) were also commonly
found in air samples. Rigorous preparation and
checking of blank sample tubes (i.e. including those
taken to and from sampling sites) confirmed that
the freons were neither contaminants nor artifacts
but regular constituents of the airborne environ
ment.

Volatile aromatics are also ubiquitous in ambient
air, particularly those sampled in and around
Southampton City where traffic volume is highest.
On both sides of the estuary aromatics such as ben
zene, methylbenzene, di- and tri-methylbenzenes
prevail. Benzene concentrations vary from about I
SO f.Lg m- 3 in summer to about 5-500 f.Lg m- 3 in
winter. Methylbenzene and dimethylbenzene con
centrations tended to be between 1.3 and 2.0 times
higher than benzene concentrations. These levels
may be considered to be of prime environmental
interest, particularly the higher wintertime concen
trations. For example, as a result of the perception
of a potential health risk to the public, ambient air
quality standards for benzene have recently been
proposed in Germany and in the Netherlands of2.5
f.Lg m - 3 and 10 f.Lg m - 3, respectively. Our data sug
gest that ambient air from the South Hampshire
area would not fall well below these proposed lim
its, particularly during the winter.

Peak no. Compound

123 n-Tridecane
124 a biphenyl ether
125 Dodecanal
126 n-Tetradecane
127 2-Ethylnaphthalene
128 Acenaphthalene
129 C14 alkene (?)
130 1,3- + 1,4-Dimethylnaphthalene
131 n-Pentadecane
132 Tridecanal
133 Tetradecanal (?) (a C14 aldehyde)
134 n-Hexadecane
134 n-Pentadecane
135 Pristane
136 a C1 5 alkene (?)

Interestingly, no major differences in VOC con
centrations were found when comparing air quality
near the petrochemical complex with air from the
city centre and some of its suburbs, and total VOCs
in both locations appeared to co-vary with season
rather than any other clearly identifiabe factor. This
is highlighted in Table III which lists typical sum
mer and winter concentration ranges for a spectrum
of VOCs regularly found in estuarine air samples.
On an annual basis, 75-80% of the prevailing winds
are from the south-west (i.e. which tracks directly
from the petrochemical complex towards the east
ern suburbs of the city some 20 km away). How
ever, even when the prevailing wind direction is
from the opposite direction, the ambient air VOC
concentrations in the city do not differ widely, and
wintertime concentrations are frequently higher
than levels downwind of the complex. The dom
inance of season over concentration is iIlustrated
more clearly in Fig. 2a and b, which shows the total
VOC concentrations at (a) a fixed sampling point
adjacent to a yacht marina, (about 10 km south
west of Southampton City), and (b) a sampling
point beside a busy (4-lane) road-bridge, 4 km west
of Southampton City. Fig. 2 reveals the co-variance
of total volatile aromatics (i.e. shown as the crossed
points) with total VOCs (i.e. shown as the filled cir
cles) from October 1990 through October 1991. In
both diagrams, February was the worst month (typ
ical air temperature, 2°C) whereas lowest VOC con-
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conditions), two mass ion channels were selected for
an isomer gorup. The GC-MS analyses were per
formed five times for each sample. The first run was
for T4C and H 6C congeners (after T4C congeners
had been eluted, the channels were switched to
those in the analysis of H6C congeners), the second
for PsC congeners, the third for the fly-ash extract
for identification of the T4-H6C congeners, the
fourth for H 7C and OsC congeners and the last for
the fly-ash extract for identification of the H 7C and
OsC congeners. PCDD or PCDF congeners were
identified by matching the retention times of the
congeners with those of the corresponding congen
ers in the fly-ash extract, and positively quantified
by peak areas in the cases that (1) the ratio of the
relative peak areas of the two major characteristic
ions monitored for a particular congener corre
sponded within ± 30% to that resulting for the cor
responding standard and (2) the signal-to-noise ra
tio was greater than 3 [12]. The analytical responses
to the native congeners in the SIM mode were cor
rected by using the relative responses of the 12C
congeners to the equivalent 13C isotopes listed in
Table 1.

Calculation of concentration of PCDDs and PCDFs
PCDDs and PCDFs were individually monitored

as concentrations in pgjm3 at 20°C under 1 atm for
the atmospheric samples. The concentration of
PCDD and PCDF congeners are presented as total
concentrations of the individual PCDD and PCDF
congeners, respectively. The TEQ calculation was
made by the method of the North Atlantic Treaty
Organization [12].

RESULTS AND DISCUSSION

Sampling
Since the PCDDs and the PCDFs are present at

ultra-trace levels in the atmosphere, as much air
sample as possible should be sampled to ensure de
tection of the congeners. The sampling apparatus,
capable of sampling a large volume of air (ca. 1000
m3jday), was similar to that for sampling polyclic
aromatic hydrocarbons or PCDDs and PCDFs in
ambient air [7,9,16]. The sampling rate (0.tH>.7 m 3 j
min) and the total sample volume were strictly
checked and confirmed by an integrating gas flow
meter calibrated before the sampling. The TcOsC
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congeners were usually trapped at above 99% with
the QFF and the first PUFP attached to the high
volumne air sampler [7,9]. In this instance two
PUFPs were used, considering the high sampling
temperature and the heavy air pollution near a busy
road. However, very small amounts ofT4-0SC con
geners, leaving the QFF during the sampling
process, were detected on the second PUFP.

Selection of internal standards
The use of as many l3C-labelled standards as

possible is desirable for minimizing analytical er
rors, but none of the congeners are commercially
available, In addition, commercially available l3C_
labelled standards are much too expensive for rou
tine work. Under the assumption that PCDD and
PCDF isomers behaved in the clean-up procedure
in the same way as the corresponding l3C-labelled
internal standards [12,17-20], five l3C-labelled
PCDDs and five l3C-labelled PCDFs (see Table I)
were used as internal standards.

Clean-up of air sample
The extracts from the QFF and the PUFPs were

heavily contaminated with organic and inorganic
substance and showed high viscosity. The viscous
matter seemed to come mainly from the PUFPs but
were effectivley reduced by the washing with sul
phuric acid to remove fatty, basic and other organ
ics. The extracts from ordinary samples should be
washed at least three times until the the extracts
become colourless. For samples from the heavily
air-polluted areas, the extracted samples often in
cluded cotton-like suspended matter that must be
removed by filtration after addition of the internal
standards. Up to six washings with sulphuric acid
were necessary until the extracts became colourless.

In conventional analysis [9-11,13-15,18,20,21],
Al-CC and reversed-phase liquid chromatography
(RPLC) using a silica-ODS column have been used
for the purification of dioxin samples. However, the
PCDD and PCDF congeners in air samples could
not be determined, except for the OsC congeners,
because of interfering organics if all the congeners
were collected in one fraction by RPLC. In addi
tion, the RPLC procedure is laborious and time
consuming and the samples often acquire contami
nants from the injection port. It was found that Si
CC [19,21-24], which efficiently removes polar and
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ations for all the congeners. A fly-ash sample was
useful for identification of the congeners and for
adjustment of the column and GC-MS conditions.
GC-MS analysis may be reasonable with a 3000
5000 resolution by selecting suitable internal stan
dards and analytical mass numbers for SIM that are
less affected by interfering substances. The method
may be useful for analysing large numbers of air
borne sample within a reasonable time.

REFERENCES

I K. P. Naikwadi and F. W. Karasek, in E. Heftmann (Editor),
Chromatography, Part B, Applications, Elsevier, Amsterdam,
5th ed., 1992, Ch. 24, p. B555.

2 F. W. Karasek and O. Hutzinger, Anal. Chem., 58 (1986)
633A.

3 C. Rappe, C. Choudhary and L. H. Keith (Editors), Chlor
inated Dioxins and Dibenzojurans in Perspective, Lewis, Chel
sea, MI, 1986.

4 M. A. Kamrin and P. W. Rodgers (Ediors), Dioxins in the
Environment, Hemisphere, Washington, DC, 1985.

5 G. Choudhary, L. H. Keith and C. Rappe (Editors), Chlor
inated Dioxins and Dibenzojurmis in the Total Environment
Butterworth, London, 1983. .,

6 L. H. Keith, C. Rappe and G. Choudhary (Editors), Chlor
inated Dioxins and Dibenzojurans in the Total Environment II,
Butterworth, London, 1983.

7 D. Broman, C. Naef and Y. Zebuehr, Environ. Sci. Technol.,
25 (1991) 1841.

8 E. J. Reiner, D. H. Schellenberg and V. Y. Taguchi, Environ.
Sci. Technol., 25 (1991) 110.

9 B. J. Fairless, D. I. Bates, J. Hudson, R. D. Kleopfer, T. T.
Holloway, D. A. Morey and T. Babb, Environ. Sci. Techno!.,
21 (1987) 550.

33

10 D. J. Wagel, T. O. Tiernan, M. L. Taylor, J. H. Garrett, G. F.
VanNess, J. G. Solchand L. A. Harden, Chemosphere, 18
(1989) 177.

11 J. L. Hudson and D. A. Morey, Chemosphere, 18 (1989) 141.
12 Y. Tondem, W. F. Beckert, S. Billets and R. K. Mitchum,

Chemosphere, 18 (1989) 119.
13 R. D. Kleopfer, R. L. Greenall, T. S. Viswanathan, C. J.

Krichmer, A. Gier and J. Muse, Chemosphere, 18 (1989) 109.
14 R. M. Smith, P. W. O'Keefe, D. R. Hilker and K. M. Aldous,

Anal. Chem., 58 (1986) 2414.
15 A. Yasuhara, H. Ito and M. Morita, Environ. Sci. Technol.,

21 (1987) 91.
16 H. Yamasaki, K. Kuwata and H. Miyamoto, Environ. Sci

Technol., 16 (1982) 189.
17 Y. Tondem, W. N. Niederhut and J. E. Campana, Biomed.

Envrion. Mass Spectrom., 14 (1987) 449.
18 R. E. Adams, M. M. Thomason, D. L. Strother, R. H. James

and H. C. Miller, Chemosphere, 15 (1986) 1113.
19 L. M. Smith, D. L. Stalling and J. Johnson, Anal. Chern., 56,

(1984) 1830.
20 H. Hagenmaier, H. Brunner, R. Hagg and M. Kraft, Freseni

us' Z. Anal. Chern., 323 (1986) 24.
21 H. Y. Tong, D. L. Shore and F. W. Karasek, J. Chromatogr.,

285 (1984) 423.
22 J. M. Czuczwa and R. A. Hites, Environ. Sci. Technol., 20

(1986) 195.
23 L. L. Lamparski and T. J. Nestrick, Anal. Chem., 52 (1980)

2045.
24 L. L. Lamparski, T. J. Nestrick and R. H. Stehl, Anal. Chem.,

51 (1979) 1453.
25 H. R. Buser and C. Rappe, Anal. Chern., 56 (1984) 442.
26 J. J. Ryan, H. B. S. Conacher, L. G. Panopio, B. P. Y. Lau, J.

A. Hardy and Y. Masuda, J. Chromatogr., 541 (1991) 131.
27 R. E. Clement, B. Bobbie and V. Y. Taguchi, Chemosphere,

15 (1986) 1147.













































Journal of Chromatography, 643 (1993) 55-69
Elsevier Science Publishers B.V., Amsterdam

CHROMSYMP. 2696

Identification and determination of biogenic and
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ABSTRACT

More than 100 volatile organic compounds of natural and man-made origin were identified and determined in air samples collected in
forest and remote areas. The combined use of carbon adsorption traps and high-resolution gas chromatography-mass spectrometry
made possible the selective determination of polar compounds such as organic acids, alcohols and carbonyl compounds by selected-ion
detection. A comparison between the distribution and composition of volatile organic components recorded in Northern Europe, the
Mediterranean basin and the Himalaya region seem to be indicative of the ubiquitous occurrence of some polar organic compounds of
biogenic origin. The determinations carried out in the Italian Station built by the National Research Council (CNR) ofltaly at the foot
of Mount Everest show clearly that, under favourable conditions, substantial amounts of organic pollutants of man-made origin can be
transported over unpolluted areas.

iNTRODUCTION

Emission of large amounts of chemical com
pounds into the atmosphere as a result of anthropo
genic and biogenic processes results in a complex
array of chemical transformations ultimately lead
ing to diverse effects on man and the environment.
Among them, photochemical air pollution, acid
deposition, changes in the stratospheric ozone layer
and global weather modifications are the most im
portant [I]. For a long time, volatile organic com-

* Corresponding author.

pounds (VOC) have been recognized to be impor
tant primary pollutants, acting as precursors of at
mospheric pollution either in tropospheric and
stratospheric layers [1]. Because of the great com
plexity of chemical reactions and emission, trans
port and deposition processes, computer models
have been developed to predict the possible adverse
effects associated with increased emission of VOC
into the atmosphere [1-2].

In the last 15-20 years, validation of the chemical
mechanisms by computer models has been regarded
as one of the fundamental tasks to be pursued in
order to make model predictions sufficiently accu
rate to be used for a targeted decrease in atmo-
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taken as reasonably representative of the areas in
vestigated. In particular, the monoterpene and car
bonyl fractions observed in the German forest seem
to reflect well the composition that can be found in
almost any pine forest, being similar to that mea
sured in the wooden area of Monti Cimini Park
(Central Italy), also characterized by a high density
of pine trees [5].

It was difficult to define a "typical" situation for
the samples collected in Nepal. At an altitude of
5050 m the vegetation is restricted to musks and
lichens, the fauna is scarce and anthropogenic emis
sions are almost non-existent, hence the composi
tion and levels of VOC are mainly determined by
transport phenomena and are thus strongly influ
enced by the meteorological conditions occurring
during sampling. In the 1991 expedition, some days
were dominated by strong ascending currents carry
ing VOC emitted by natural and man-made sources
located far down in the valley up to the station
(southern winds), whereas other days were charac
terized by the descent of cold air masses moving
from the mountains downward to the valley (north
ern winds). In the latter instance, a substantial re
moval of VOC away from the sampling site was
taking place. Owing to the dramatic difference in
the VOC composition and concentration associated
with these two circulation patterns, we have report
ed in Fig. 3 the mass chromatogram of a sample
collected when only light winds « 1-2 m/s) were
blowing (sample B, 7.30 a.m.). Under these condi
tions, the concentration of VOC in air was mainly
determined by local emissions and the organic spe
cies remaining from the previous days.

To give an idea of the levels associated with the
different air mass circulation occurring at the Hima
laya station, we have also reported in Table I the
VOC concentrations measured when prevailing
winds were blowing from the southern (sample
K2-A, 7 p.m.) and northern sectors (sample K2-C2,
6 p.m.).

Although the number of individual components
found in forest and remote sites was usually lower
than that observed in urban areas [5,6], all samples
were characterized by a higher complexity than that
existing in heavily impacted airsheds because of the
numerous classes of polar organic compounds pre
sent in the atmosphere. In addition to alkanes, al
kenes, arenes, aldehydes, ketones, isoprene and
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some monoterpene components also detected at dif
ferent levels in many urban and suburban samples,
a complex array of free acids, esters, alcohols and
furans was found. Although some of these polar
components were sometimes found in urban and
suburban airsheds [5,6], their abundance was not
such that specific detection was required.

The huge amounts of acids present in the chro
matograms in Figs. 2 and 3 giving rise to a large,
overloaded peak in the first part of the chromato
gram (peak No. 43), coupled with the constant and
detectable presence of alcohols from ethanol to hex
anol and numerous aliphatic esters in the samples
collected in the "Mediterranean Macchia" and the
Himalaya region, suggested that selected-ion detec
tion was necessary to elucidate better the complex
array of polar and non-polar components present in
forest and remote areas. This approach was found
to be particularly useful for investigating the pres
ence of organic acids, aldehydes, alcohols and ter
penes.

An example of the information provided by mass
spectrometry with selected-ion detection is reported
in Fig. 4, where the total ion current profile of a
sample collected at the Himalaya station (K2-A, 7
p.m.) is displayed together with the mass chromato
grams used for the identification of some specific
classes of components listed in Table I. The ion at
m/z 31, corresponding to the oxonium ion
([CHzOH]+) formed by the cleavage of the carhon
carbon bond next to the a-carbon atom, was specif
ic for the identification of many primary and sec
ondary alcohols whereas the ion at m/z 44
([CHCHOH] +"), coming from the rearrangement of
the y-hydrogen available for transfer to the carbon
oxygen followed by the cleavage of the carbon bond
in the f3-position (McLafferty rearrangement), al
lowed the selective determination of all aldehydes
with carbon numbers> 3. The ion at m/z 60 corre
sponding to the molecular ion of acetic acid and to
a fragment coming from the McLafferty rearrange
ment ([CHzC(OHh] +") typical of aliphatic acids
with carbon numbers > 4 was used for the selective
detection of many acidic components. Recording of
the molecular ion (m/z 74 not displayed in Fig. 4)
was, instead, necessary for the identification and
evaluation of propionic acid. The HRGC-MS pro
file of the cyclic ion at m/z 93, derived from the
sequential loss of aliphatic chains from the terpen-
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obtained on October 4th in the morning (sample
K2-CI in Table I) when low circulation occurred
seems to suggest that the prevalence of northern
winds in the afternoon hours caused a substantial
removal of VOC from the sampling site by trans
porting them back to the valley. Although the ob
servation that pollution levels recorded in the re
mote Himalaya station can be much higher than
those measured in forest areas of heavy industri
alized countries of Europe might appear surprising,
it is perfectly in line with the observations of David
son et aI. [17], who found that the excessive per cap
ita use of biomass fuels in Nepalese houses gives
rises to quite high levels of pollution in the Hima
laya region. Owing to the high indoor concentra
tions of organic compounds existing in Nepal, levels
as high as 5 and 8 Ilg/m3 were measured in outdoor
samples collected outside one house in Sundarjial.
The indications given by the sample collected on
September 28th, 1991, seem to suggest, however,
that anthropogenic emission might be even higher
than that measured by Davidson et aI., giving rise
to toluene concentrations as high as 30 Ilg/m 3

. It is
also possible that further injection of organic pollu
tants into polluted air masses coming from the Indi
an peninsula might be responsible for the levels
reached at the Himalaya station when southern
winds were dominating the air mass circulation.
The observation that levels of benzene and toluene
measured on the following days were close to those
expected to be present in unpolluted atmospheres
(ca. 0.5 and 0.6 Ilg/m3, respectively) highlights the
importance of transport phenomena in affecting the
air quality of remote Himalaya regions. Whatever
the cause (local emissions, long-range transport or a
combination of both) leading to high levels of or
ganic pollutants is, it must be regarded a serious
source of concern for the preservation of the Ever
est environment owing to the possible formation of
photochemical pollution and enhanced acid deposi
tion arising from the exposure of such pollutants to
the intense UV radiation existing at high altitudes.
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with a soft ionizing interface to generate only mo
lecular or cluster ions but no fragments, it can be
recognized that drinking water analysis by FIA will
lead to many ions in the region of 150-500 u, i.e.,
every mass in this region is occupied by the signal of
at least one ion type [4]. In spite of great efforts to
obtain an optimized separation by varying the chro
matographic conditions, the result was a chromato
graphic separation shown with the reconstructed
ion current (RIC) being recorded in Fig. lao The
chromatogram consists of unresolved peaks which
often contain a mixture of several eluates, as the
mass spectrum of a selected peak of this total ion
current (TIC) proves (Fig. Id). The UV traces in
Fig. 1band c, recorded at 210 and 230 nm, respec
tively, in parallel to the ion current, show only very
poor separation and either no or no distinct absorp
tion.

During the separation of this slightly polluted
water (drinking water) on an analytical column we
observed that the retention times of the eluting sub
stances after two injections of the same sample have
changed markedly, so that identification by stan
dard retention time comparison would not have
been possible.

This showed that even such small portions of sur
face-active compounds (non-ionic detergents of the
alkanol polypropylene glycol ether type [4] which
had been in the drinking water extract) were ad
sorbed irreversibly under these chromatographic
conditions, interfering with the chromatographic
potential of the reversed-phase material on the ana
lytical column. Reproducible retention times of the
pollutants on this column could only be observed
after a time-consuming clean-up procedure with an
organic solvent mixture described under Experi
mental. The same problems, but on a larger scale,
will arise if waste water samples which normally
contain detergents are to be separated by column
chromatography. The reason is that even after the
described "selective elution" [4] the number of
waste water compounds in these fractionated sam
ples is still extremely high. Reten tion time shifts of
two identical samples analysed one after the other,
as shown in the RICs in Fig. 2a and b, cannot be
recognized without a selective detector such as a
mass spectrometer. Analysing UV or fluorescence
traces by standard retention time comparison of the
signals after a chromatographic separation would
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lead to considereable misinterpretations of the re
sults. This is demonstrated in Fig. 2c and d, com
paring selected mass traces (m/z 256 and 476) of the
RICs in Fig. 2a and b. Large retention time shifts of
the same compounds in the same sample could be
observed if no procedure to clean up the analytical
column had been applied before starting the second
run.

Taking this behaviour of waste water extracts in
to account, a chromatographic separation is pos
sible without problems [18] even in the presence of
non-ionic detergents of the alkanol polypropylene
glycol ether type, which had been detected by FIA
MS and identified by FIA-MS-MS. Separation oc
curs depending on the length of the polypropylene
glycol ether chain (Fig. 3). Only TSP-MS detection
was possible; UV detection recording traces at 190
or 220 nm failed because of a missing chromophore
in the molecules.

In the biological waste water treatment process
this type of detergent molecule may be biochem
ically degraded if the waste water biocoenosis has
been adapted. No mineralization occurs but only a
small change in the molecular structure takes place:
the terminal hydroxyle function of the polypropy
lene glycol ether chain will be converted into an al
dehyde function by biochemical oxidation, as
shown in Fig. 4. The presence of this biochemical
oxidation product in addition to the precursor com
pound "detergent" can be recognized in thei FIA
MS trace bypassing the analytical column (over
view spectrum) by the cluster ions at m/z 248, 306,
364, 422, etc., for the metabolite ions and at m/z
250, 308, 366, 424, etc., for the precursor compound
ions (Fig. 5). This mixture of pollutants (metabo
lites and precursor compounds in addition to ma
trix compounds) can also be separated by time-con
suming chromatographic methods. Under opti
mized conditions the TIC in Fig. 6a after chromato
graphic separation on a C18 column could be re
corded. The mass spectra of the two selected peaks
[m/z 308 (detergent), m/z 306 (metabolite)] of this
RIC together with their characteristic CID spectra
(see Fig. 6b and c) demonstrate that an excellent
separation under these conditions has taken place,
although the structural differences of the detergent
and metabolite molecules caused by biochemical
oxidation are not very impressive (compare struc
tures in Fig. 4).
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The 21O-nm UV trace plotted in Fig. 13a record
ed in parallel to the LC-TSP-MS TIC proves that
this non-ionic detergent of the fatty acid diethanol
amide type shows an absorbance at 210 nm. Many
other pollutants contained in the waste water ex-

UV trace 210 nm
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tract which cannot be ionized by TSP ionization
can be detected because of their strong UV absor
bance at 210 nm. The identification of these pollu
tants was not possible.

Another important topic, in spite of all the diffi-
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Fig. 13. (a) UV trace (210 nm) of waste water extract containing fatty acid diethanolamide. CIS solid-phase extract, eluent methanol;
CIS column, chromatographic conditions as in Fig. 2a. (b) RIC of waste water extract of (a). LC conditions as in (a). (c) Mass spectrum
of peak 3 in (b) and structural formula ofcoconut fatty acid diethanolamide (m/z 288). (d) LC-TSP-MS and CID spectrum of non-ionic
detergent of RIC in (b) (scans 345-389).

cuities, is the analysis of waste waters in the chem
ical industry containing large amounts of such pol
lutants. The complexicity of municipal waste water
even in the influent is exceeded substantially by
waste water in the effluent from these sewage treat
ment plants. This becomes obvious by GC-MS
analysis of extracts of municipal and industrial
waste water treatment plant effluents after an opti
mized biological treatment process. Very low con
centrations of volatile compounds can be detected
in municipal sewage treatment plant effluents [5]. In
contrast, we found many volatile organic com
pounds in the hexane extract of chemical industry
waste water discharging into the river Rhine. The
TIC of this GC-MS analysis is shown in Fig. 14a.
Enrichment of compounds from this waste water by
CI8 solid-phase extraction was used for examina
tion of polar and low-volatile compounds. The
methanol eluate from this extraction procedure was
analysed by LC-TPS-MS on a CI8 column using
the above-described chromatographic conditions
and showed a good separation (Fig. 14b). Some of
the pollutants could be identified as tributyl phos
phate (m/z 267), phthalate (m/z 279) and alkanol
polyglycol ether (m/z 240,284,328,372 and 416) by
MS-MS. Target analysis for toxic compounds us-

ing the mass traces at m/z 326, 370, 414, etc., to look
for the ammonia adduct ions of nonylphenol ethox
ylates showed that these precursor compounds of
nonylphenol were present in the effluent in low con
centration. However, as the chromatographic sep
aration on a reversed-phase column was not satis
factory (Fig. 14b) and the response of these com
pounds was very low with TSP ionization, normal
phase chromatography was applied to test for the
presence of nonylphenol ethoxylates. Separation
was obtained on a an amino-bonded packing with
an organic eluent (hexane-2-propanol) [11] and re
cording RIC and UV traces at 254 nm in parallel.
Comparison of the RIC and UV traces showed that
under these chromatographic conditions nonylphe
nol ethoxylates could be detected much better by
UV detection at 254 nm (see Fig. 15a) than by LC
TSP-MS using the discharge electrode (see Fig.
15b). However, evidence about the identity of the
signals in the RIC can only be obtained from the
selectivity of the mass spectrum of the selected peak
1 from the RIC in Fig. 15b. The plotted mass spec
trum of m/z 441 in Fig. 15b belongs to the molec
ular ion ([M + Ht) of a nonylphenol ethoxylate
with five PEG units in the ether chain ..

The practicability of this method using an organ-
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exchange behaviour of anionic surfactants is very
different from that of inorganic and hydrophilic or
ganic anions, an anion-exchange precolumn has
been skilfully used for both concentration and pre
purification of linear alkylbenzenesulphonates
(LASs) in river water as described in a previous pa
per [II]. When a sensitive and selective detector for
anionic surfactants, e.g., electrochemical detection
[14], is developed, the ion-exchange HPLC method
will facilitate their group analysis in environmental
samples.

On the other hand, field desorption [15,16] and
fast atom bombardment [16-18] mass spectrometry
techniques have been proposed for the analysis of
anionic surfactants. Although the mass spectra
have demonstrated selectivities for the detection of
the analytes, the methods seem to be unsuitable for
routine analyses because of their expense and the
high degree of skill required for their measurement.

This paper describes a simple and selective meth
od for the determination of ABSs at /lg/I levels in
environmental water, using pre-column concentra
tion followed by anion-exchange chromatography
with a low-capacity column and ultraviolet detec
tion.

EXPERIMENTAL

Reagents and samples
Three types of alkylbenzenesulphonates (ABSs)

were used. Sodium linear dodecylbenzenesulpho
nate (Cll LAS, containing phenyl-position isomers)
and sodium n-dodecylbenzenesulphonates (LASs,
laundry-analysis grade, containing homologues of
C1o-C14 alkyl chain length and their phenyl-posi
tion isomers) were purchased from Wako (Osaka,
Japan). Sodium alkylbenzenesulphonates
(branched ABSs), and sodium 4-toluene- and 4-eth
ylbenzenesulphonates (short-chain ABSs) were
from Tokyo Kasei (Tokyo, Japan). Sodium alkyl
sulphates (ASs, C1Z-C1S) and sodium alkylsulpho
nates (ASOs, C1rC16) were provided by Asahi
Denka (Tokyo, Japan). Sodium perchlorate and
acetonitrile of guaranteed grade were purchased
from Wako. Water and acetonitrile were distilled
before use. The above surfactants and other re
agents were used without further purification.

River water, collected in polyethylene bottles,
was filtered through a 0.2-/lm cellulose acetate filter
and stored at - 20°C before analysis.
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Instrument and materials
The chromatography system consisted of a To

soh (Tokyo, Japan) CCPM metal-free pump, a
Rheodyne (Cotati, CA, USA) 7125 injector with a
100-/l1 sample loop, a Tosoh UV-8000 UV-VIS
spectrophotometric detector and a System Instru
ment (Tokyo, Japan) Chromatocorder 11 integra
tor.

A TSKgel IC-Anion-PW (Tosoh, polymer-based
anion-exchange column, 50 x 4.6 mm J.D., 30
/lequiv./ml) was used for the analytical separation.
A TSK precolumn IC-Conc-A (Tosoh, anion-ex
change preco1umn, 10 x 3 mm J.D., 2.1 /lequiv. per
column) was used for the preliminary concentration
of diluted standard or of river water.

Chromatographic conditions
Acetonitrile-water (40/60, v/v) contammg 10

mM sodium perchlorate was used as the mobile
phase. The flow-rate was 1.0 ml/min. The detection
wavelength was 220 nm. All separations were per
formed by isocratic elution at ambient temperature.
The sample size was 100 /l1 for direct injections.

Concentration of ABS in water sample
The concentration and clean-up procedure was

the same as described in a previous paper [11]. An
aliquot of 10--100 ml of water sample was passed
through the precolumn (Cia'; form) by using a
conventional LC pump at a flow-rate of 2 m1/min.
Water, 0.1 M sodium perchlorate, water and aceto
nitrile-water (50:50, v/v) were then passed through
the precolumn in order.

RESULTS AND DISCUSSION

Separation column
A silica-based anion-exchange column such as

Tosoh TSKgel IC-Anion-SW was not suitable for
the separation, because its column life was short
ened as a result of irreversible adsorption of envi
ronmental matrices. Although IC-Anion-PW is not
guaranteed for the use of organic solvent, the col
umn performance was unchanged in more than 6
months.

Chromatographic conditions
Acetonitrile-aqueous sodium perchlorate solu

tion was used as the mobile phase for the anion-
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Fig. 3A-l and B-1, respectively. As shown in Fig. 3B-l,
a peak showing a retention time (tR) identical with
that ofPFP-MX was found in the actual sample. A
method other than tR for the identification of
PFP-MX in the chromatogram was further investi
gated. As shown in Figs. 3A-2 and 4, the peak of
authentic PFP-MX completely disappeared after
UV irradiation for 90 min. The peak height identi
fied as PFP-MX in the actual sample decreased after
irradiation for 90 min and was constant after 90 min
(Fig. 4). When authentic PFP-MX was added to the
actual sample and irradiated for 90 min, the peak
height also decreased to the same constant level as
that in the actual sample (Fig. 4). These results
suggested that PFP-MX was not separated from
some component(s) of an actual sample and over
lapped them. However, they also suggested that
PFP-MX contained in the peak was completely
decomposed by UV irradiation for 90 min. Thus, in
addition to identification via tR , the disappearance
of the peak or the decrease in the peak height after
UV irradiation for 90 min was used for the routine
identification ofMX. The decreased peak height was
used for the calculation of the amount of MX.

The recovery of MX through the all analytical

i I I I I I I I i I I Ii

o 8 16 0 8 16

Fig. 3. Typical gas chromatograms with ECD ofPFP derivatives
of authentic MX and chlorinated sewage purified by preparative
HPLC before and after UV irradiation. n-Hexane solutions
(0.25 ml) containing PFP derivatives of authentic MX (0.2 jlg, A)
or chlorinated sewage purified by preparative HPLC (B) were
analysed by GC-ECD before (A-I and B-1) and after (A-2 and
B-2) UV irradiation for 90 min.

mixture was separated into three phases (water, PFP
and n-hexane phases) in the extraction process and
the peak height of PFP-MX decreased. It was
thought that PFP-MX was distributed between the
n-hexane and PFP phases, and the recovery ofPFP
MX in the n-hexane phase was lowered. Table II
shows the relationship among the peak height, the
reaction temperature and the reaction time. The
maximum peak height was obtained by heating at
70°C for 30 min. From these results, it was decided
that pentafluoropropylation of MX was carried out
in the presence of 100 ,al of PFP and 10 ,al of
concentrated sulphuric acid with heating at 70°C for
30 min. The electron-capture detector was about 3.5
times more sensitive to PFP-MX than Me-MX.

When XAD extracts obtained from an actual
sample were pentafluoropropylated and analysed by
GC-ECD without further purification, there were
large peaks of impurities in the chromatogram and
the peak of PFP-MX was completely obscured
(Fig. 2). Hence purification of the XAD extracts by
preparative HPLC was necessary in the GC-ECD
method. The gas chromatograms of authentic PFP
MX and purified XAD extracts are shown in

I I I I I I I I I I I I I I I I I ' I ' I I I
o 8 16 24 32 40 48 56 64 12 80 88 96

tR (min )

Fig. 2. Typical gas chromatogram with ECD of chlorinated
sewage derivatized with PFP before preparative HPLC purifica
tion. XAD extracts corresponding to I I of original chlorinated
sewage were derivatized with PFP without further purification
and analysed by GC-ECD.
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Determination of chlorophenoxy and other acidic
herbicide residues in ground water by capillary gas
chromatography of their alkyl esters formed by rapid
derivatization using various chloroformates

S. Butz and H.-J. Stan*
Institute of Food Chemistry, Technical University of Berlin, Gustav-Meyer-Allee 25, W-lOOO Berlin 65 (Germimy)

ABSTRACT

A simple method for the determination of several chlorophenoxy acid and other acidic herbicides as methyl, ethyl and butyl esters by
means of capillary gas chromatography is described. Derivatization with chloroformates (methyl, ethyl or butyl chloroformate) to give
the corresponding methyl, ethyl or butyl esters of the pesticides tested can easily be achieved. Fifteen chlorophenoxy acid and seven
other acidic herbicides can easily be determined by gas chromatography with electron-capture or mass spectrometric detection at the
relevant residue levels of 100 ng/l in water samples. Recoveries were determined with spiked tap and ground water samples at 50, 100
and 200 ng/l using solid-phase extraction with RP-18 material. Nineteen out ofthe 22 herbicides could be found with a recovery of more
than 75% and the remaining three herbicides could be extracted with a recovery of more than 50%. Tentative confirmation can be
achieved by simply esterifying two aliquots of the sample extracts with two different chloroformates.

INTRODUCTION

Phenoxy acid herbicides are in widespread use for
weed control, which results in their presence as
residues in surface and ground waters. Various
methods for their determination have been pub
lished [1-4] and a comprehensive critical treatment
of the methods available up to 1980 was given by
Sirous et at. [5].

In recent years, solid-phase extraction (SPE) has
grown in popularity and gained a reputation as a
reliable method for the extraction of pesticide
residues from water samples [6,7]. Phenoxy acid
herbicides were also found to be extracted with good
yields after acidification of the water samples to
pH 2. Solid-phase extraction and elution are usually
followed either by high-performance liquid chroma
tography (HPLC) with UV or photoconductivity

* Corresponding author.

detection [8] or by gas chromatography (GC) with
electron-capture detection (ECD) [6,7,9-11]. Using
GC-ECD, derivatization is necessary in order to
reach the level of 100 ng/l per substance which has
been fixed by the European Community.

The most common derivatives are the methyl
esters, using, for example, H 2S04-methanol, di
azomethane, BFrmethanol or dimethyl sulphate
for methylation [10,11]. Derivatization with penta
fluorobenzyl bromide produces derivatives that ex
hibit very good ECD responses [10-13]. The draw
back of this derivatization method, however, is the
lack of selectivity of pentafluorobenzyl bromide,
leading to the derivatization of a large number of
matrix compounds. The results are very complex
chromatograms, which make identification and
quantification very difficult.

Chloroformates have been known as a possible
source of mixed anhydrides since the beginning of
this century [14]. In 1990, Husek et at. [15] published
a rapid derivatization procedure for fatty acids using
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238 S. Butz and H.-J. Stan / J. Chromatogr. 643 (1993) 227-238

TABLE I

RETENTION TIMES AND RECOVERIES OF THE ALKYL ESTERS OF 22 ACIDIC HERBICIDES

GC-ECD, 50 m x 0.20 mm I.D. SE-54 column, conditions as described under Experimental. All retention times were measured with the
GC system adjusted to give aldrin with a retention time of 25.00 min (see text).

Pesticide Retention time (min) Recovery R.S.D.
(%) (%)

Methyl Ethyl Butyl (n = 10)
ester ester ester

2,4-Dichlorobenzoic acid (ISTD) 10.15 11.25 16.67 80 4.5
Clopyralid acid 10.98 12.13 17.58 51 6.3
Mecoprop 12.93 14.08 18.50 82 5.9
MCPA 13.35 14.75 19.27 63 7.5
Dichlorprop 14.75 15.85 20.35 98 5.1
2,4-D 15.33 16.73 21.40 83 6.8
Triclopyr 17.13 19.02 22.55 93 7.2
Fenoprop 18.85 19.98 24.28 98 3.9
MCPB 19.53 20.03 23.98 82 5.6
2,4,5-T 19.72 21.15 25.18 88 6.2
Fluroxypyr 21.55 23.18 27.35 77 8.1
2,4-DB 21.63 23.45 27.42 87 6.4
Picloram acid 24.20 25.93 27.98 69 7.1
Benazolin 25.56 26.80 30.35 82 5.7
Pluazifop 25.62 26.92 29.68 83 6.1
Haloxyfop 27.98 28.88 31.82 79 5.4
Flurenol 28.33 29.21 33.30 82 6.3
Chlorflurenol 28.43 29.35 33.39 80 7.5
Flamprop 29.53 30.52 33.73 91 6.5
Acifluorfen 30.53 31.45 34.55 78 5.9
Diclofop 32.77 33.80 36.90 81 6.3
Fenoxaprop 37.53 38.68 41.76 78 5.9
Quizalofop 43.53 44.63 47.68 89 6.1
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ABSTRACT

Biogenic and anthropogenic volatile halocarbons and chlorinated phenolic compounds were monitored in the Skagerrak. Mea
surements were made both in water and in sediment by means of gas chromatography with electron-capture detection. The results show
that the load of biogenic halocarbons exceeds that of the anthropogenic halocarbons and that the iodinated compounds show a more
marked seasonal trend than the brominated compounds. Additionally, it was established that waters of different origins have exclusive
sets of biogenic halocarbons. Pentachlorophenol is widely distributed throughout the Skagerrak. It is transported in its dissociated
form. The concentration level of other chlorinated phenolics is less than 1 ng/l. However, it could be demonstrated that there is an
accumulation of chlorinated phenolics in sediments in the deeper parts of the Skagerrak.

INTRODUCTION

Investigations of the distribution of halogenated
organic compounds in a relatively large area in the
marine environment are still rare, mainly owing to
the difficulty of analysing large number of samples
with low concentrations of analytes under complex
hydrological conditions. In distribution studies the
analytical procedure should ideally be simple, re
quire small amounts of samples and be able to de
termine as many components as possible. Precon
centration is always necessary, as the concentra
tions are low and derivatization prior to analysis is
needed for some compounds. Gas chromatography
with electron-capture detection, with its high sep
aration efficiency, speed of analysis and low detec
tion limits, is by far the most commonly used tech
nique for halogenated substances. In the coastal
waters of Sweden and in the North Sea, only a few
investigations have been made of individual com-

* Corresponding author.

pounds in the water phase [1-5]. However, for sedi
ments several investigations have been made
[2,6,7,8].

Marine organisms have the capability to form hal
ogenated organic compounds. Hence, the haloge
nated organic compounds in sea water have both a
biogenic and an anthropogenic origin. Of the nat
urally produced compounds, the volatile com
pounds are the most commonly investigated [9,10].
However, many substances are both biogenic and
anthropogenic. For example, substances usually as
sociated with the chlorination of water such as chlo
roform, bromoform and dibromomethane are also
formed naturally [11]. In this investigation we fo
cused on two groups of environmentally interesting
compounds, volatile halocarbons and chlorinated
phenolic compounds. The analytical techniques
available permit the determination of these com
pounds in a vast number of samples. Consequently,
we can study the dispersion of these compounds in
sea water.

The volatile halocarbons are known to influence
the atmospheric ozone. Several investigations have
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266

3. ISOELECTRIC FOCUSING (IEF)

In general, the electrophoretic separation of a
charged compound is based on its mobility in an
electric field [54-56]. One of the electrophoretic
techniques, isoelectric focusing (IEF), is an electro
phoresis carried out on a medium with a preformed
pH gradient. The principle of this technique has
been described well by Righetti and Drysdale [56]:
"a stable pH gradient increasing progressively from
anode to cathode is established by electrolysis of
carrier ampholytes (CAs) in a suitable anticonvec
tive medium". In this system a charged molecule
migrates and reaches a zone where its net electric
charge is zero. The final result is that all the
molecules of an unknown mixture are fractionated
in the pH gradient on the basis of their different
isoelectric points (pl).

The IEF technique was first reported in 1912 [57]
when a mixture of amino acids from hydrolysed
vegetable proteins was fractionated in a three
chambered electrolysis cell. One of the most impor
tant problems in this and other pioneering studies
[58,59] was the absence of an uniform and stable pH
gradient, mainly owing to the lack of a suitable CA.

Later, as reported by Righetti and Drysdale [56],
the theoretical basis for IEF was developed and can
be summarized as follows: the importance of using
electrolytes with a high buffering capacity and of
stabilizing the pH gradient against convective mix
ing [60,61] was pointed out; and the law of the
monotony of the pH was introduced and the idea of
developing a natural pH gradient by electrolysis of
amphoteric molecules [62-65] was advanced. Ideal
ly, the ampholytes should have good conductivity,
good buffering capacity and good solubility at their
isoelectric point and also be easily distinguishable
and separable from proteins. In 1969 [66], practical
means ofsynthesizing CAs with many of the proper
ties described by Svensson [62--64] and Rilbe [65]
were achieved.

3.1. IEF of soil humic substances

The first electrophoretic separations of humic
substances were carried out nearly 70 years ago [67]
in free solutions. Then several media, such as a filter
paper matrix [68,69] or cellulose powder [70], were
used. The first electrophoresis of humic substances
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carried out on polyacrylamide (PAA) gel was re
ported by Stepanov and Pakhonov in 1969 [71]. At
present, PAA gel is the most widely used medium in
electrically driven separations of humic substances.

The first application of the IEF technique in
studies of humic substances appeared in 1972 [72],
when the fractionation of humic substances from
freshwater was described. Later, IEF was used to
characterize humic substances from soils, fertilizers,
soil amendments and organic wastes.

One of the most important objectives of re
searchers who use IEF to characterize soil humic
substances is to fractionate the compounds of the
humic extract and then to conduct further studies on
the single fractions. This second objective is not so
easy to achieve and, consequently, the use ofIEF has
often been limited to the characterization of humic
substances only by the evaluation of the pattern.

The first applications of IEF to soil humic sub
stances were published in the 1970s. In early work
[73], this technique was applied to soil humic sub
stances without preforming the pH gradient, but by
just mixing the CAs with the sample to be charac
terized. Later it was found [74], that the use of IEF
produced a greater number of electrophoretic and
isotachophoretic bands.

It has been reported [75] that the CAs interfered
with the humic substances during the IEF fractiona
tion. It was pointed out that urea is apparently
unable to break up these interactions and that its
presence causes an increase in the intensity in the
bands focused in the most acidic region of the pH
gradient and a shift in the pI of the bands focused at
the higher pI values. These data, however, in the
opinion of De Nobili [76], were not sufficient to
demonstrate the presence of interactions because
similar results had been obtained previously during
the fractionation of humic substances with electro
phoresis when CAs were not present.

Another fact that is a cause for discussion about
the reliability of the IEF technique for the charac
terization of humic substances is that, with the
exception of the bands focused in the acidic region of
the pH gradient, the IEF profile of a single band
after refocusing has bee!! found to be characterized
by a more or less complex pattern [75]. However,
more recently, it was found that the refocusing of a
single band obtained in the presence or absence of
urea was resolved in its original pattern [77].
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first three materials were characterized by consider
able heterogeneity of the bands in the pH gradient
region from 4.5 to 6.5, whereas the composts from
municipal waste treatment plants showed an IEF
profile with a simpler pattern resolved below pH 5.5.
The oldest sample, however, displayed fewer bands
in the acidic region.

Comparison of the IEF profiles of differently
aged sewage sludges showed the presence of resolved
bands in the pH gradient region below pH 5 for the
raw samples, whereas the ca. 6-month-old samples
also focused in a less acidic region (up to pH 6.5)
[53]. Similar results were also obtained in another
study in which the organic matter was extracted
using several extractant solutions [88]. Fig. 3 shows
an example of the IEF profiles of a digested sewage
sludge extracted using three different extractant
solutions.

The evolution of the organic matter of pig slurries
has been followed both in summer and in winter [89].
The IEF profiles of the raw samples were poor in
bands in the pH gradient region above 5 whereas the
IEF profile of the slurry, matured in the summer
season, was rich in bands also in the pH gradient
region from 5 to 7. The IEF profile of the slurry
matured in the winter season was much less complex
than that of the summer-matured slurry. These
results have also been confirmed in a study of the
evolution of organic matter during the stabilization
of composts from municipal solid wastes [25].

The most important aims of the use of IEF are (i)
to find the relationships between the IEF profiles of
organic wastes and their degree of stabilization and
(ii) to find the relationships between IEF profiles
and the presence of phytotoxic compounds.

Studies to optimize the IEF technique should also
provide for comparisons of the IEF profiles ob
tained using different CAs in order to choose the
best CA for this type of work.
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TABLE 1 (continued)
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Detection
Dl
D2

D3
D4
D5
D6
D7
D8
D9
DIO
DlI
Dl2
Dl3
DI4
DIS
Dl6
Dl7
Dl8
DI9
D20
D21
D22
D23
D24

D25
D26
D27
D28
D29
030
D31
D32
D33
D34
D35
D36
D37
D38
D39
D40
D41
D42
D43

D44

D45
D46
D47

SnCl l in 50% HCl-aqueous fuchsin dye solution
3-Methylbenzidine, N,N'-dimethylbenzidine, N,N'-tetramethylbenzidine and 3,5,3',5'-tetramethylbenzi-

dine in presence of sunlight
Ammoniacal silver nitrate solution and densitometric scanning
o-Tolidine reagent and densitometric scanning ranging from 300 to 900 ng
Preadsorbed AgN0 3 and UV light
1,4-Dihydroxybenzene
Pyrolysis technique with IR laser and electron capture
Iodine
Cholinesterase
KI 3 + KI solution
Mass spectrometry
Ammonium molybdate (15%) in HN03 (2:1)
PdCl l or p-dimethylaminobenzaldehyde
Copper(lI) acetate in dilute HCl followed by KI
In situ densitometry
Acetylcholinesterase
p-Dimethylaminobenzaldehyde-acetic acid (10:1)
4-Amino-N,N'-dimethylaniline·2HCI
Swine liver hommogenate-alcoholic f3-naphthol acetate
Palladium(lI) chloride-iodine
KOH-p-nitrobenzenediazonium fluoroborate
Dimethylaminobenzaldehyde, p-nitrophenyldiazomine or 2,6-dibromo-N-chloroquinoimine
lron(lIl) chloride (l %) in butanol and 2,4-dinitrophenylhydrazine (3%) in chloroform-methanol (3: I)
CuCl l (I %, w/v) followed by metavanadate or potassium hexacyano-ferrate(III) (0.5%, w/v) in sodium

hydroxide (0.5%, w/v)
Diphenylamine
Diazotized p-nitroaniline or diazotized p-aminoacetophenone
Fluorescamine
Ninhydrin
Hill reaction inhibition detection technique
o-Phthalaldehyde in 7 M sulphuric acid and ethanol (10%) and UV (350 nm)
Bromophenol blue
Silver nitrate and UV light
UV light (365 nm) or densitometry
Reflection-absorption photometry at 240 nm
UV light and o-tolidine-Mitchells' reagent
4,4'-Tetramethyldiaminodiphenylmethane
Fluorimetry
Photolysis, morin derivatization and fluorescence
Dragendorff reagent
Dithionite
Microbioassay using C. cucumerinum spores
Chloroplast homogenate and 2,6-dichloroindophenol, exposure to white neon light
Aqueous K l C0 3 (10%) and diazotized o-dianisidine solution or orthanilic acid or o-dianisidine or

diazotized orthoanilic acid
Aqueous sodium hydroxide (20%) followed by nickel aminine reagent [aqueous nickel chloride solution

(5%, w/v)-ammonia (30%) (1:1)]
3,5,3',5'-Tetramethylbenzidine (0.2%)
Differential-pulse polarography
Gas chromatography with electron-capture detection

(Continued on p. 276)
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TABLE I (continued)

Detection
D48
D49

D50
D5I
D52
D53

D54
D55

D56

D57
D58
D59

D60

D61

D62

D63
D64
D65
D66

D67
D68
D69
070
D71
D72
D73
D74
D75
D76
D77
078
D79

D80
D81

D82
D83
D84
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Hg(N03h + diphenylcarbazone, iodine, HgN03 and heating, acidic potassium permaganate
Ammonia solution-water (I :4) followed by beef liver homogenate, indoxyl acetate, K 3Fe(CN)6 and

K 4 Fe(CN)6
Magnesium chloride (5%) followed by N,2,6-trichlorobenzoquinonimine (0.3%)
N,2,6-Trichlorobenzoquinonimine
Triethanolamine exposed to mercury lamp, 254 nm
Diazotization with sodium nitrite solution after thermal degradation with 4-aminoantipyrine in presence of

ammonium persulphate (betanol), or p-dimethylaminobenzaldehyde (asulam, betanol), bromophenol
blue reagent or o-toluidine after N-chlorination (eptane, tillam, yalan), Dragendorffreagent or sulphuric
acid (roneet)

UV quenching, NaOH, AgN03 , p-nitrobenzenediazonium tetrafluoborate, fisetin and enzyme inhibition
Rhodamine B-UV, p-dimethylaminobenzaldehyde, potassium permanganate, silver nitrate + bromo

phenol blue, pinacriptol yellow-UV, sodium fluoresceinate-UV, sodium fluoresceinate-UV (modified
method), iodine vapour and iodine spray

2,6-Dibromo-N-chlorobenzoquinonimine (0.5%) or N,2,6-trichlorobenzoquinonimine (Gibbs reagent) in
acetic acid

Diazotized p-nitroaniline
p-Nitrophenyldiazonium chloride
Methanolic potassium hydroxide (I %) followed by p-nitrobenzenediazonium tetrafluoroborate (0.1 %) in

acetone
Sodium nitrite in I M hydrochloric acid (1 %) followed by N-(I -naphthyl)ethylenediaminedihydrochloride

(1 %) in 2 M hydrochloric acid
Ethanolic Fast Blue B (I %) followed by sodium hydroxide (20%), UV light (254 nm), 2,6-dibromoquinone

chlorimide (0.5%) in dimethylformamide
Autoradiography using Kodak X-ray film and analyte was eluted with aqueous ethanol (50%), 10 ml

toluene-Triton X-IOO (2:1) + 2,5-diphenyloxazole (4 gil) and 1,4-bis(5-phenyloxazdyl-2) benzene (0.1 gl
I), radioactivity measured using Philips PW 4540 liquid scintillation spectrometer

3,5-Dichloro-p-benzoquinonechlorimine
Fluorescence quenching or UV
Scanning or autoradiography
Silver nitrate-2-phenoxyethanol, 4-(4-nitrobenzyl)pyridine (NBP), 2,6-dibromobenzoquinone-N-chloro-

imine (DBBC) and its analogue
Reflectance densitometry
Flame ionization detection
Spectrodensitometry
UV light
Phosphomolybdic acid
GC
Enzyme (mouse liver), then substrate containing p-naphthyl ethyl ester
Palladium chloride or dibromo-4-chlorimide, 4-(4-nitrobenzyl)pyridine reagent
Ammonium molybdate reagent
Spectrophotometry
Indoxyl acetate and human serum, exposed to 366-nm UV irradiation, fluorimetric scanning
Zeiss ERT 65m spectrometer and integrator
Enzyme (pig liver acetone powder), sprayed with l-naphthylacetone solution followed by p-nitrobenzene

diazoniumfluoroborate in acetone
UV at 254 nm or 2,6-dichloroquinonechloroimide or indoplatinate reagent
Inhibition of esterase, I-thionaphthyl acetate and 2,2'-azo(I-naphthol-8-chloro-3,6-disulphonic acid)

'4,4'-diphenyl disulphide, as post-chromatographic reagent
Ammoniacal silver nitrate solution (0.5%) in aqueous acetone (1:3)
o-Tolidine plug potassium iodide
2-MethyIthioacridone solution
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TABLE 1 (continued)
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Techniques, pesticides, etc.
AMDTLC
BPMC
C
Cs
CIS
2-D
2,4-D
DDD (mixed)
o,p'-DDD (2,4'-DDD)
p,p'-DDD (4,4'-DDD)
o,p'-DDE (2,4'-DDE)
p,p'-DDE
DDT (mixed)
o,p'-DDT (2,4-DDT)
p,p'-DDT (4,4'-DDT)
DNOC
DDP
EI
EPTC
FlO
GC
o:-HCH (o:-BHC)
P-HCH
y-HCH (lindane)
HPLC
HPTLC
IAA
FC (IPC)
IPRPTLC
LIt
MCPA
MDTLC
MIPC
MS
P-NPA
P-NPXA
OC
OP
OPTLC
PAH
PCB
PFB
ppb
ppm
Rf'
RP
RTLC
STLC
2,4,5-T
TCA
TLC
TGTLC
UV

Automated multiple development thin-layer chromatography
2-sec.-Butylphenyl N-methylcarbamate (osbac)
Colorimetry
Cs alkyl-bonded silica gel
CIS alkyl-bonded silica gel
Two-dimensional
2,4-Dichlorophenoxyacetic acid
2,2-Bis(chlorophenyl)-l, I-dichloroethane and related compounds
1-(o-Chlorophenyl)-l-(p-chlorophenyl)-2,2-dichloroethane
2,2-Bis(p-chlorophenyl)-I,I-dichloroethane
1-(o-Chlorophenyl)-l-(p-chlorophenyl)-2,2-dichloroethylene
2,2-Bis(p-chlorophenyl)-l, I-dichloroethylene
Dichlorodiphenyltrichloroethane (mixture of metabolites of ca. 80% p,p'- and 20% o,p'-)
1-(o-Chlorophenyl)-l-(p-chlorophenyl)-2,2,2-trichloroethane
1,1-Bis(p-chlorophenyl)-2,2,2-trichloroethane
2,6-Dinitro-o-cresol
Differential-pulse polarography
Enzyme inhibition
S-Ethyldipropylthiocarbamate
Flame ionization detection
Gas chromatography (gas-liquid chromatography)
Hexachlorocyclohexane (o:-isomer)
Hexachlorocyclohexane (p-isomer)
Hexachlorocyclohexane (y-isomer)
High-performance liquid chromatography
High-performance thin-layer chromatography
Indole-3-acetic acid
Isopropyl carbanilate
Ion-pair reversed-phase thin-layer chromatography
Lower limit of detection
4-Chloro-2-methylphenoxyacetic acid (isooctyl ester)
Multiple-development thin-layer chromatography
2-Isopropylphenyl-N-methylcarbamate (lsocarb)
Mass spectrometry
p-Naphthaleneacetic acid
p-Naphthoxyacetic acid
Organochlorine
Organophosphorus
Over-pressurized thin-layer chromatography
Polycyclic aromatic hydrocarbon
Polychlorinated biphenyl
Pentafluorobenzyl derivatives
Parts per billion (w/w)
Parts per million (w/w)
Migration distance relative to solvent front
Reversed-phase
Rod thin-layer chromatography
Sequential thin-layer chromatography
2,4,5-Trichlorophenoxyacetic acid
Trichloroacetic acid
Thin-layer chromatography
Temperature gradient (3Q-40°C) thin-layer chromatography
Ultraviolet
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TABLE 2 (coll/illued)

Pesticide(s) studied Sample; comments Stationary Mobile Oetection Ref.
phase phase

Herbidice residues TLC; identification P20 015 192
Herbicide residues Agricultural crops, food, soil P20 029 193

and water; TLC; determina-
tion (Lit = 1-10 J1g/kg)

Herbicides Sugar beet and sugar; TLC; P20 194
determination

Herbicides and related compounds RTLC; determination P9 S76 068 195
Hexazinone' metabolites Rat-liver microcosmes, peanut Oil 196

seedlings, sugarcane;
TLC-MS; determination

Imidan and its degradation products, TLC; separation P22 S9 08 197
N-hydroxymethylphthalimide imidoxon,
phthalic acid and phalmic acid

Indole-3-acetic acid TLC; detection P20 S66 062 198
Indol-3-acetic acid TLC; detection P20 030 199

(Lit = 5-100 ng per spot)
loxynil residues Animal tissues; TLC; P29 200

determination
(Lit = 0.1 ppm)

Isouronand its metabolite TLC; determination P21 S71 034 201
(Lit = 0.25-1.5 J1g per spot)

MCPA and its soil metabolites TLC; detection, separation P31 S80 063 202
MCPA and its two metabolites Soil, water; TLC; determination P35 S72 025 203
MCPA and terbacil Apples; TLC-:GC;. P20 015/047 204

determination
Mecarbam and its degradation products Crops; TLC-GC; 205

determination
Mephosfolan, phosfolan and related com- TLC; separation 206

pounds
Methamidophos Potato tubers and foliage; P40 SI3 019 207

STLC; detection, separation
Methamidophos TLC-EI; detection; identifica- P20 S51 049 208

tion (Lit = 15 ng)
Methanearsonic acid Rice, soil; TLC; detection, 209

separation
Methidathion and methoxychlor Clinical samples; TLC; P20 210

RPTLC; identification
Methomyl Serum and urine; RTLC; P20 068 211

determination
Methomyl, parathion, parathion-methyl and TLC; separation, determination SI2 076 212

sumithon
Methoxuron and its breakdown product Potato, soil and water; TLC; P45/p28 S70 033 213

(3-chloro-4-methoxyaniline) HPLC; determination
(Lit = 0.02, 0.2, 0.001 mg/kg,
respectively)

Methylnitrophos and its metabolites (fenitro- Grain; TLC; detection, P26 017 214
oxon and p-nitrocresol) determination (Lit = 0.1,

0.1,0.005 mg/kg, respectively)
Monoctotophos TLC; detection P21 S44 DIO 215
OC HPTLC; separation P20 216
OC TLC; detection P20 02 217

(LIt = 0.20 .ug)
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TABLE 2 (continued)

Pesticide(s) studied Sample; comments Stationary Mobile Detection Ref.
phase phase

Triazine herbi~ides (degradation product) TLC; separation 280
Triazine herbicides TLC; RF values P30 281
Triazine herbicides Milk; OPTLC; determination P20 S30 282

(Lit = 5 j1.g/kg, 10 j1.g/kg)
283Triazine derivatives RPTLC; detection, separation P29

Triazine derivatives TLC; determination PIO 284
Water; TLC; determination P20 D29 285Triazine and urea herbicides
Grain; TLC; determination P20 S45 D3 286Trichlorometaphos·3 residues

(Lit = 1-20 j1.g)
287Urea and carbamate herbicides Drugs; TLC; separation

Drinking water; determination P20/P11/P3 D64 288Urea herbicides
Grains, vegetables; 2·D TLC; P23 SIO DI4 289Valexon residues

determination
Foliage; TLC; determination P20 290Zineb
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