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Contamination of the enviromment by organochlorine insecticides has
been widely reported (EDWARDS 1973; MORIARTY 1975) and it is evident
that residues of these compounds will persist for a number of years.
The use of non-persistent organophosphorus (OP) insecticides in
place of many organochlorines has also resulted in their detection
in a range of environmental media (BURCHFIELD & STORRS 1975; ASKEW
et al. 1969; IVEY & CLABORN 1971). In addition to the great num-

ber of OP insecticides available, other OP compounds (principally
alkyl phosphate esters) find uses in many industrial applications

as flame retardants (FISHBEIN 1977).

A number of analytical methods have been developed for the determi-
nation of OP compounds in water (RUZICKA et al. 1967) soil and crops
(SHELL RESEARCH 1974) but there is a general paucity of information
with regard to their occurrence and analysis in waste waters and
sewage sludges. With the present concern over the disposal, whether
to land, sea or by incineration, of sewage sludges containing low
levels of both organic and metallic micro—pollutants (GOVERNMENT

OF GREAT BRITAIN 1978), the development of suitable analytical
methods may be necessary to monitor sludge disposal operations.

The work reported here describes the investigation of analytical pro-
cedures for the determination of OP in sludges and a survey of se-
wage sludges obtained from twelve U.K. sewage treatment works.

MATERTALS AND METHODS

After pretreatment of sludge samples using an Ultra-Turrax homoge-
niser (Scientific Instrument Co. London, U.K.) to ensure sample
uniformity, subsamples were taken for analysis by the following
procedures.

Separating Funnel Extraction. Subsamples (50ml) were extracted
with 150 mL dichloromethane/hexane (1:1 mixture) by shaking in a
250 mL separating funnel for 3 min. After phase separation, the
solvent extracts were transferred to 250 mL round-bottomed (r.b.
flasks and concentrated to 1.0 mL using rotary evaporation at 30
C under reduced pressure.
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Ultra-Turrax Extraction. Aliquots (50 mL) of sludge were extracted
with 150 mL dichloromethane/hexane by mixing with the Ultra-Turrax
at 507 full revolutions for 3 min. After phase separation in a 250
ml separating funnel, the solvent extracts were transferred to 250
mL r.b. flasks and concentrated to 1.0 ml using a rotary evaporator.

Disperser Extraction. Subsamples (5 mL) were extracted with 20 mL
dichloromethane/hexane in 50 mL centrifuge tubes using the disperser
(Scientific Instruments Co.) at 60% full revolutions for 5 min.
After centrifugation to effect separation, the solvent extracts

were transferred to 25 mlL r.b. flasks and reduced in volume to 1.0
ml, using rotary evaporation.

Cleanup Procedures. Column chromatography with alumina (Woelm neu-
tral, 57 w/w H90) as the stationary phase and dichloromethane as mo-
bile phase was used to purify solvent extracts. For the separating
funnel and Ultra-Turrax extracts, 10 g alumina and 50 mL dichloro-
methane were used, whilst for the disperser extracts, 2 g alumina
and 15 mL dichloromethane were used. After removal of solvent from
the column eluents using rotary evaporation, residues were redis-
solved in 0.5 mL dichloromethane.

Analysis. A gas chromatograph equipped with a flame photometric de-
tector was used to analyse for OP compounds in purified extracts.

Columns used in the chromatograph were glass, 2 m x 3 mm i.d. packed
with 1.5 % OV-17 + 1.95 7 QF-1 on 100/120 mesh Supelcoport and

5 % phenyldiethanolamine succinate on 80/100 mesh Gas Chrom Q. (Phase
Separations Ltd., Queensferry, U.K.). These were maintained at 200°

C with a nitrogen carrier gas flow of 50 mL min~! through each column
during analysis. Injection port and detector temperatures were 250
and 300°C, respectively. Weights of the determinands present in samp-
le extracts were calculated from previously constructed calibration
graphs.

Extraction Efficiency. To determine percentage recovery of OP from
sludge samples, aliquots of homogenised sludge were fortified with
known amounts of OP compounds, shaken and allowed to stand for 4 h
prior to extraction and analysis.

RESULTS

Standard solutions of the three OP insecticides selected for study
were carried through the two cleanup procedures to assess recovery,
the results are shown in Table 1. Recovery from the cleanup columns
was considered to be quantitative, within the bounds of experimental
error, although the variation in recoveries from the 10 g alumina
column was found to be greater than that of the 2 g colummn, as can
be seen by the relative standard deviationms.
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Table 1. Recoveries of organophosphorus insecticides from
alumina cleanup columns.

Compound | Column| Weight Mean RSD Range
Size | applied Recovery* | (%) (%)
(g) (ng) (%)
Diazinon 2 10 98.8 1.4 97.0-100.0
10 10 95.4 4.4 89.5- 98.6
Malathion 2 10 98.5 1.2 96.7- 99.4
10 10 98.1 2.8 94.6-101.0
Parathion 2 10 98.0 2.3 96.0~101.0
10 10 97.8 3.9 92.4-102.0

* of four replicates.

Comparison of Separating Funnel and Ultra-Turrax Extraction Proce-
dures. Samples of mixed primary and surplus activated sludges,

of total solids contents 48.3 and 7.9 g -1 respectively, were
collected from Hogsmill Valley sewage treatment works (Thames Water
Authority) and were homogenised using the Ultra-Turrax. Two sets of
four subsamples were taken of each sludge; one was extracted using
a separating funnel method, the other using the Ultra-Turrax extrac-
tion method. No OP compounds were detected in any of the subsamples
from both sludges. Two further sets of four subsamples, taken from
each sludge were fortified with a standard solution of diazinon,
malathion and ethyl Earathion to give concentrations in each sludge
of 1.0 and 0.1 mg L™*. The sets of fortified subsamples from each
sludge were then extracted using the two procedures. Results are
indicated in table 2.

Recoveries of OP compounds from the sludges using the separating
funnel were generally poor with some degree of scatter, whilst
use of the Ultra-Turrax resulted in higher average recoveries

and less variation, although the relative standard deviations
were quite high (>107%).

Extraction of OP insecticides from sewage sludge using the disperser.

Although the overall extraction efficiencies obtained using the
Ultra-Turrax extraction procedure may be considered adequate, an
alternative method using smaller volumes of sample and solvent and
extraction using the laboratory disperser was investigated. It was
considered that this method would achieve at least comparable ex-
traction efficiencies.

. . p -1
A sample of mixed primary sludge, of total solids content 40.5 g L

was collected from Hogsmill Valley sewage treatment works and was
homogenised using the Ultra-Turrax.
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Three sets of four subsamples were taken; one set was extracted

and analysed using the disperser procedure; the other two sets were
fortified with diazinon, malathion and ethyl parathion at concen-
trations of 100 ug 7! and 10 ug L1 respectively and extracted

and analysed using the same procedure. No OP compounds were detec-
ted in the extracts. Results from the analysis of the fortified sub-
samples are indicated in table 3.

Table 3. Recovery of organophosphorus insecticides from sewage
sludge using disperser extraction procedure.

Compound | Concentration Mean RSD Range
added Recovery* Z ug L1
ug L1 %
Diazinon 100 71.7 §.1 64.6 -80.0
10 74.3 17.1 6.18- 9.47
Malathion 100 80.8 9.9 70.3 -89.2
10 63.3 5.6 5.83- 6.66
Parathion 100 80.7 12.5 68.8 -95.8
10 54.9 7.3 5.0 - 6.05

* of four replicates.

Use of the disperser procedure yielded results of comparable values
to those of the Ultra-Turrax method, although with a marginally
smaller degree of scatter. These recoveries, however, were still
considered to be incomplete and hence not indicative of an effi-
cient analytical method.

Survey of OP Insecticides in selected UK Sewage Sludges. To gain
an appreciation of the extent of contamination of sewage sludges by
OP compounds, sewage sludge samples were collected from twelve UK
sewage treatment works. These were extracted and analysed using the
disperser procedure. Results of the survey are indicated in table 4.

Table 4. Concentrations of OP compounds in sewage sludges.

Compounds Sample No. (ug L™L)
1 2 3 4 5 6 7 8 9 10 11 12
Npl ND ND 6000 750 800 ND ND ND ND ND ND

Reofos
95%

Other ND ND D2 ND ND ND ND ND ND ND ND ND

* concentrations not corrected for extraction efficiency.
1 non-detectable

2 detected but not identified.
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In the greater majority of the samples, no OP compounds were detec—
ted. However, in samples 3, 11 and 12, distinct peaks appeared on
the chromatograms and did not match up with any of the 16 standard
materials which were co-chromatographed in an attempt at identifi-
cation. It is possible that these were breakdown products of parent
OP compounds. In samples 4, 5 and 6 moderately high concentrations
of OP compounds were detected and these were eventually tentatively
identified as commercial flame retardants, the most similar chroma-
tographic profiles being obtained from the flame retardant 'Reofos
95', a mixture of isopropyl phosphate esters of substituted phenols
(figure 1). Other chemicals used in flame proofing applicatioms,
Tri(2-chloroethyl) phosphate, tri-n-butyl phosphate and trichloro-
propyl phosphate were also chromatographed, but did not coincide
with any unidentified peaks.

The concentrations of 'Reofos 95' in samples 4, 5 and 6 were esti-
mated on the basis of the peak heights of peak 3, 4, 5 and 6 in

the mixture (figure 1) and were estimated as 6000, 750 and 800 ug
L™l for the three samples, respectively. No account was taken of
the percentage recovery of these compounds from sewage sludge.

DISCUSSION

Of the three extraction procedures investigated for the isolation
of OP compounds from sewage sludges, the disperser method in con-
junction with an alumina column cleanup step and analysis by flame
photometric gas—liquid chromatography achieved the highest recove—
ries, but the results still exhibited some degree of scatter.

A study by AHRENS et al, (1979) investigated the release of Fyrol
FR2 (Tris(2,3-dichloropropyl)phosphate) from flame-proofed clothing
and concluded that approximately 37% of the compound could be lost
by successive washings. Goldfish exposed to 30 mg L7l of Fyrol FR2
died after 3 h. Another recent investigation (SAEGER et al.1979)
related environmental fate studies on eleven trialkyl-,alkyl-,aryl-
and triaryl phosphate esters, including tests for water solubility.
The study concluded that aqueous solubilities ranged from 0.36 mg
L7l for tricresyl phosphate to approximately 1000 mg L~1 for Tris
(2-ethylhexyl) phosphate and that microbial degradation was the
principle mechanism for the degradation of these flame retardants
in the environment, although a moderate ability to bioaccumulate
was detected. It appears likely that varying quantities of these
types of materials may be discharged to sewers from industries in-
volved in textile manufacture, a source which has been previously
identified (FISHBEIN 1977). The three sludge samples in which

these materials were detected during this study were taken from
sewage treatment works in an area noted for textile production.
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Figure 1. Chromatograms of sewage sludge sample (upper) and
flame retardant formulation Reofos 95 (lower)
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It is evident that the analytical procedures investigated yielded
recoveries of OP which were both variable and incomplete. This
may, in part, have been due to degradation of the dosed compounds
in sewage sludge samples during the time lag between fortification
and analysis. It appears, that from the results of the survey, OP
are not commonly-occurring micro—pollutants in sewage sludges.
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