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ABSTRACT

1. Two pesticides of contrasting lypophilic nature, simazine and

P g lypop
permethrin, were added to river water (R. Frome, Dorset, U.K.) immediately
prior to freeze-drying.

2. Two methods of reconstitution of the river water were tested. The
recovery of the inorganic solutes was good ie generally greater than 80%.

3. The reconstituted waters were analysed in triplicate for permethrin and
simazine for 3 sub-samples of each water. The results indicate reasonable
recoveries of both simazine and permethrin.

4. Good agreement between the results of the triplicate analysis of each of
the sub-samples was obtained for simazine. The concentration of simazine in
the 2 reconstituted waters was found to be 0.025 and 0.030 mg dm > with
satisfactory homogeneity within each batch.

5. The results for permethrin were more variable than for simazine. The
cogfentration in the 2 reconstituted waters was found to be 3.21 and 2.08 ug
dm °. Reconstitution with €0z produced a homogeneous sample whereas the
second method, using HCl, indicated the possibility of some heterogeneity.
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1. Preparation of river water samples

Three litres of R. Frome water were collected from East Stoke weir (National
Grid Reference SY 868868) at 10.00 hours on 9 October 1989. The samples were
returned to the laboratory where the pH, temperature and electrical
conductance were measured. All three samples were then filtered through a
0.45 pm cellulose nitrate membrane filters (Sartorius 11306 No. 780
2110604209). One of the samples was analysed for major-ions and the results
are shown in Table 1. The remaining 2 samples, hereafter referred to as
Samples 1 and 2, were stored at 5°C in the dark and with a €Oz head-space.

2, Preparation of freeze-dried samples

The river water was allowed to return to room temperature before being
spiked with cis-permethrin and simazine. This was done by the addition of

1 ml of 5 mg dm = simazine and 1 ml of 5 mg dm ~ cis-permethrin dissolved in
acetone, The bottles were shaken for 15 minutes and then frozen overnight,
ThgsconcentratiOEEOf simazine and permethrin in the river water was 0.05 mg
dn ~ and 5 pg dm ‘respectively. These values were selected to allow for
potential losses on freeze-drying and to_gbtain concentrations in thf
reconstituted water of at least 10 ug dm = for simazine and 1 pg dm ~ for
permethrin., The frozen solids were then freeze-dried using an Edwards Modulo
4K machine. The drying took approximately 48 hours. The freeze-dried solids
were transferred from the freeze-drier containers to 1 litre pyrex bottles
with PTFE screw caps and stored at 5°C in the dark until they were
reconstituted.

A small amount of solids remained in the freeze-drier containers after
transfer to the 1 litre bottles. It was decided to recover this material
separately to permit an assessment of the loss of inorganic solids and if
necessary the loss of pesticides. Two procedures were used to do this:

(a) Sample 1. The freeze-drier containers were rinsed with MeOH and the
sample rotary-evaporated to dryness. The distillate was stored in the dark at
6°C. The solid material was dissolved in 100 ml of 0.01 M HCl and the calcium
concentration was determined.

(b) Sample 2. The freeze-drier containers were washed with 490 mls of 0.01 M
HCl to dissolve the residual solids and the calcium concentration was
determined.

3. Reconstitution of Sample 1.

Sample 1 was reconstituted on 1.11.89 using single distilled water with CO2
gassing. The detalls of the method are as follows:

3.1 1 litre of single distilled water was added to the freeze-dried solids in
the 1 litre pyrex vessel used for storage. A PTFE magnetic bar was added.

3.2 A stream of CD2 gas was passed through the solution at a rate of =60 ml

min ! whilst the solution was stirred.
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3.3

3.4

3.5

3.6

3.7

4.

Measurements of the temperature and conductance were made from the time
of addition of the water and then at 15 minute intervals. The conductance
readings were corrected to 25°C (Wagner 1971). The results were as
follows:

Time Conductiv1ty at 25°C
/min /uS cm
0 2.42
15 370.2
30 411.96
45 433.2
60 442 .2
75 444 .3
90 445 .6
105 446 . 4

After 105 minutes, the pH was adjusted to 8.4 by replacing the CO2 gas
with nitrogen. The solution was then left stirring a further 15 minutes,
The increase in pH was made to facilitate the dissolution of soluble
silicon minerals and humic substances.

The visible absorbance of the water at 340 nm was measured to estimate
the reconstitution of the humic substance. The absorptivity of the

humic acid material 1n tPe R1 Frome sediment had previously been
determined as 6.4 dm’ g cm = at 340 nm. The absorbance of the original
R. Frome water sampled on 2.10.89 was 0.0154 * 0.0001 (SD) at 340 nm (SD:
= Standard Deviation). The absorbance of the reconstituted water was
0.0134 + 00,0015 (8D) indicating a recovery of absorbing species of = 87%
for Sample 1.

250 ml of the reconstituted water was analysed for major ions. The
results are reported in Table 1.

Two of the three remaining 250 ml quantities were immediately extracted
to isolate the pesticides. The remaining 250 ml was stored overnight at
5°C and in the dark with a €0z filled headspace and extracted during the
following morning.

Reconstitution of Sample 2

Sample 2 was reconstituted 6.11.89 using 0.01 M HCl. The details of the
method are as follows:

4.1

4.2

4.3

1 litre of 0.01 M HC1 (prepared using BDH, ConVol standard) wasg added to
the freeze-dried solid in the 1 litre Pyrex vessel used for storage. A
PTFE magnetic bar was added.

The bottle was sealed with a PTFE screw cap and stirred for 1 hour. The
solution cleared in this period.

The pH was adjusted from = 1.9 to 8.2 by the addition of 1 M NaOH (AR

grade). The conductance of the reconstituted sample was recorded (see
Table 1).



4.4 The visible absorbance of the water at 340 nm was measured as described

4.5

4.6

5.

in §3.5. The absorbance was 0.0137 * 0.0010 giving a recovery of
absorbing species at 340 nm of = 89% for Sample 2.

250 ml of the reconstituted water was analysed for major-ions. The
results are reported in Table 1,

Two of the three remaining 250 ml quantities were immediately extracted

for pesticides. The remaining 250 ml was stored overnight at 5°C and
was extracted during the following morning.

Extraction procedure

Simazine and permethrin were extracted together using solid-phase extraction
techniques (SPE). A Bond-Elut adsorption column containing octyl (C8) bonded
phase silica as the adsorbent (Analytichem International Code P606303) was
used. The method was as follows.

5.

1

The C8 column was fitted to a Vac-Elut (Analytichem International,
model AI6000)} assembled and washed with 2-3 ml of HPLC grade MeOH. The
column was left for 5 minutes in contact with MeOH. The column was not
allowed to become dry.

Approximately 15 ml of HPLC grade water was passed through the column.

The column was then transferred to the entrance of a 250 ml capacity
polycarbonate reservoir which could be evacuated as required. The top
of the column was connected to the sample to be analysed using small
bore PTFE tubing. The sample in the 1 litre bottle was stirred
continuously using a PTFE magnetic bar and motor.

Approximately 2§9 ml of sample was then passed through the column at a
rate of = 5 min ~. The volume which had passed through the column was
calculated from the weight of water in the reservoir with appropriate
buoyancy correction.

The column was washed with 20 ml of HPLC grade water and dried for = 20
minutes at maximum air flow.

The column was then transferred to the Vac-Elut assembly and eluted
with = 2 ml of MeCH. The volume of eluate was calculated from the
change in mass of the collecting vial and assuming a density of MeOH of
0.7910 g ml ~, Precautions were taken to avoid evaporation of MeOQH
during and after weighing. .

Extracts were stored in 4 ml PTFE screw-capped glass vials at 6°C
before analysis by glc.



6. GLC analysis

The extracts were analysed using a Perkin-Elmer glc model 8700 fitted with a
split/splitless injector ECD detector and PTIV injector - NPD detector.

6.1 Analysis of simazine

Configuration
Injector - PTV (Programmable Temperature Vaporizer)
Column - DB1301 Jones Chromatography
Detector - NPD (Nitrogen Specific Detector)
Oven conditions: Initial temperature 140°C for 1 minute
First ramp 20°C per minute
Isothermal 240°C for 7 minutes
Injector conditions: Initial temperature 100°G for 1 minute
in split mode
Vaporization temperature 280°C for 5 minutes
in splitless mode for 1 minute
Final temperature 150°C
Gases: Makeup: N2
Carrier: He 1
Septum purge: = 5 ml min ~
Flow rate: = 50 ml min

Analysis by external standard mixture of 5 mg dmn"® Simazine and 0.5 mg
dm cis-permethrin,

6.2 Analysis of Permethrin

Configuration:
Injector - Split/splitless
Column - DB5 Jones Chromatography
Detector - ECD (Electron Capture Detector)

Oven conditions:

Oven temperature (°C) 50 . 170 240 280
Isothermal time (min) 2.0 0.0 7 2
Ramp rate (°c min 1) 30.0 10.0 2.0

Injector conditions:

Temperature 310°C
Splitless for 30 seconds

Detector condition:

Temperature 350°C

Gases: Makeup; Nz
Carrier: He
Septum purge = 5 ml min”}
Flow rate = 50 ml min -

Analysis: Sample 1 by external standard. Sample 2 with external
standard and internal reference,



7. Results of the glc analysis

The three extracts from Sample 1 were designated No. 1 BCR 1-3. Similarly,
the extracts for Sample 2 were designated No. 2 BCR 1-3. The analysis of
each extract was done in triplicate. The mean concentrations of each
pesticide in each extract are reported.

7.1 Performance of the extraction and analysis procedures

Three 1 litre samples of filtered R. Frome water were spiked with
simazine and cis-permethrin as described in §2. Each sample was then
extracted using the method described in §5. Average recoveries of both
pesticides were considered satisfactory.

Test number Percentage Recovery Percentage Recovery
of Simazine of Permethrin
1 98.3 49.5
2 100.0 62.4
3 73.9 66.2
Mean percentage recoveries: 91% 59%

7.2 Results of the analysis of Sample 1

All extracts were analysed by gle in triplicate with an external
standard. The calibration lines for both Permethrin and Simazine were
linear over the relevant range of concentration. The concentration of
pesticides in the MeOH extract are reported below together with the
concentration in the reconstituted water. The values for the
reconstituted water were corrected for losses associated with the
extraction procedure (see average recoveries in §7.1) and loss of
material when transferring freeze dried powder from the freeze-drier
containers to the bottles used for the reconstitution (see Table 1).
The overall recoveries are reported helow. Typlcal chromatograms are
shown in Figures 1 and 2.

7.2.1 Results for Simazine
Extract Concentration Concentration - Concentration Overall
Number in extggct in Wagfr in water after recovery

{mg dm 7) (g dm ) corrections fgg %

SD in brackets losses (mg dm )

NOl BCR 1 2.95 0.0182 (0.0002) 0.023 46
NOl BCR 2 3.01 0.0195 (0.0007) 0.024 48
NOl BCR 3 3;30 0.0209 (0.0003) 0.027 54
Mean N/A 0.0195 : 0.025 49
Sténdard
Deviation N/A 0.0011 0.002 3

N/A: not applicable because the volumes of water from which the pesticides
were extracted varied.



7.2.2 Results for permethrin

Extract Concentration Concentration
Number in extg?ct in wagfr
(mg dm ) (pg dm )
SD in brackets
NO1l BGR 1 0.241 1.49 (0.09)
NO1 BCR 2 0.236 1.53 (0.12)
NOl BCR 3 0.287 ) 1.81 ¢(0.19)
Mean N/A 1.61
Standard
Deviation N/A 0.14

Concentration
in water after
corrections fgg
losses (ug dm )
2.97
3.05
3.61

3.21

0.28

Overall
recovery
%

59

61

72

5.7

N/A: not applicable because the volumes of water from which the pesticides

were extracted varied.

7.3 Results of the analysis of Sample 2

Same conditions of analysis as Sample 1 except that an internal standard was
used in the permethrin analysis to improve the precision of the result.

7.3.1 Results for Simazine
Extract Concentration Concentration
Number in extg?ct in wagfr

(mg dm ) (mg dm )

SD in brackets

NO2 BCR 1 3.68 5 0.0213 (0.0005)
NO2 BCR 2 3.72 ’ 0.0240 (0.0001)
NO2 BCR 3 4.09 0.0247 (0.0004)
Mean N/A 0,0233
Standard
Deviation N/A 0.0015

Concentration
in water after
corrections fgg
losses (mg dm )
0.027
0.030
0.032

0,030

0.002

Overall
recovery
%

54

60

64

4

N/A: not applicable because the volumes of water from which the pesticides

were extracted varied.



7.3.2

Results for Permethrin

Extract Concentration Concentration Concentration Overall
Number in extract in water in water after recovery

(mg dm °) (pg dm ) corrections fgg %

SD in brackets losses (ug dm 7)

NO2 BCR 1 0.250 1.45 (0.11) 2.28 46
NO2 BCR 2 0.239 1.53 (0.24) 2.40 48
NOZ BCR 3 0.163 0.99 (0.04) 1.55 31
Mean N/A 1.32 2,08 , 42
Standard
Deviation N/A 0.24 0.38 7.6
N/A: not applicable because the volumes of water from which the pesticides

were exXtracted varied.

Comparison of the composition of the reconstituted waters
Major-ion components

The method of reconstitution of the second sample precluded the
comparison of recovery of Na and Cl1 ions,

Both methods of reconstitution produged_fimi¥§; ov%£a11 r;pover@es
(see Table 1) for alkalinity as HCOs , K, Ca  , Mg~ , S04 , NOs
and phosphate (Soluble Reactive Phosphate, SRP). The recovery of
calcium may be used to evaluate the efficiency of recovery of the
other ions. The inorganic phosphorus concentration (SRP) is
slightly lower than expected and the nitrate concentration is
higher. If the first method of reconstitution is used the recovery
of these ions may be estimated from the conductivity of the water,

The R, Frome water contains very low concentrations of iron. No Fe
was detected in the reconstituted waters,

The first method of reconstitution gives a good recovery of Na'
(83%) and relatively poor recovery of Cl (54%).

The recovery of dissolved Si was good for method 1 ie 83%, whereas
for method 2 the recovery was poor (33%). This may reflect
differences in the kinetics of dissolution of the silicon fractions
in the different conditions of reconstitution.

The first method of reconstitution produces a freshwater that is
similar in composition to the original river water. In contrast,
the addition of HC1l and NaOH in the second method produce a water
of much higher conductivity ie 1810 uS$ em™? compared with 546 uS
cm = for the original water.

Both methods produce good recoveries of organic solutes absorbing
at 340 nm.

10



8.2

Simazine

The concentration of Simazine in both reconstituted freshwaters was very
gimilar with good agreement between the results of the triplicate

analysis of each extract. The mean concentrations and recoveries are as
follows:

Reconstitutien Mean concentrat@gn in water Overall recovery
me thod (mg dm ) %
1 0.025 + 0.002 (SD) 49
2 0.030 £ 0.002 (SD) 59
8.2.1 About 50% of the simazine is lost, either by adsorption to the

glass container prior to extraction, or degradation during the
processing. The recovery is considered large enough to permit the
preparation of a matrix reference material.

8§.2.2 There is evidence for a systematic increase in the simazine

8.3

8.3.1

concentration for consecutive extractions within each sample. Even
though the solution in the 1 litre bottle was well-stirred during
the sampling for extraction, it appears that there is some
inhomogeneity in the sample. This may be caused by particulate
material containing adsorbed simazine remaining near the bottom of
the flask and determined in the last extract ie NO1 BCR 3 and

NOZ BCR 3. This effect is however small and may in the future be
reduced by avoiding the possibility of the introduction of
extraneous material into the sample eg via sensors such as pH and
conductivity used in this pilot study.

Permethrin

The analytical determination of the pyrethroids is generally more
difficult than for the organo-chlorine pesticides such as Dieldrin,
Endrin and DDT. This is because of the lower sensitivity of the ECD
detector to the compounds and hence lower response factors.

The concentration of cis-permethrin in Sample 1 was higher than in
Sample 2. The results are summarized below:

Reconstitution Mean Concentrat@gn in water Overall recovery
method {(pg dm ) %
1 3.21 64
2 2.08 42

The standard deviation of the results of the triplicate analysis of
Sample 1 extracts are similar to the standard deviation obtained
for the entire sample. Hence no inhomogeneity in the sample could
be quantified,

11



8.3.2

8.3.3

The third extract of Sample 2 produced a much lower concentration
of permethrin that the other 2 extracts. The triplicate analysis
of NO2 BCR 3 Egoduced consistent results with a standard deviation
of 0.04 pug dm ~, The results suggest that some inhomogeneity in the
sample existed.

The glc analysis of the extracts of Samples 1 and 2 using the ECD
detector indicated the presence of some organics (not identified)
which were not expected in the R. Frome water. These organics may
have been present in the orginal R. Frome water or be contaminants
introduced during the freeze-drying or reconstitution. These did
not interfere with the analysis of permethrin or with the internal
standard peak. They did not appear in the chromotograms obtained
during the performance trials (§ 7.1) which suggests that they were
contaminants. The source of the contaminants may be associated with
the various sensors used to monitor the reconstitution ie pH and
conductivity, which need not be used in the main stability study.
The membrane filter and Bond-Elut column are not the source of the
contaminants (see § 7.1).

9.1

9.2

9.3

9.4

Conclusions

The two pesticides studied were chosen because of their different

physicochemical properties and concern for their effects on the ecology
of rlvers and lakes. Permethrin has a low solubility in water (20-70 ug

dm” ) and is lypophilic and readily associates with particulate

material. In contrast, simazine is moderately water soluble (5 mg dm )

and also less likely to associate with particulate matter.

The first method of reconstitution ie with distilled water and COz2, is

considered to be superior to the second method because the reconstituted
water is closer in composition to the original river water. The second

method of reconstitution is however much easier to perform requiring
only HCl and NaOH without the need for compressed gases.

The results for simazine, for both methods of reconstitution, are very

optimistic with reasonable overall recoveries of simazine and good
chromatography results.

The results for permethrin are less encouraging. The first method of
reconstitution ie distilled water and COz, gave the best recovery of

permethrin and satisfactory homogeneity of the sample. It is suggested
that in future a preliminary analysis of the river water be undertaken
before the water is freeze-dried to ascertain the presence of ECD active

compounds.

12



APPENDIX 1

Chemicals

1. HPLC Grade Methanol, Rathburns

2. Acetone, Pestiqide Grade, BDH Chemicals, Poole

3. (8 Bond-Elute, Analytichem International

4. HPLC grade water HiPerSolv, BDH Chemicals, Poole

5, All other chemicals AR grade, BDH Chemicals, Poole

6. Simazine: 2-chloro-4,6-bis (ethylamino)-1,3,5- triazine, Standard Sample
No. R2677 LOT P103, 99.9 % 0.1 mole per cent. National Physical
Laboratory, Middlesex,

7. CIS-Permethrin. 3-phenoxybenzyl-(IRS)cis-3-(2,2-dichlorovinyl)-2,2-

dimethylcyclopropanecarboxylate. Standard Sample NO. 149 R0341, 99.1
mass per cent. National Physical Laboratory, Middlesex.

13



REFERENCES

Wagner, I.W. (1971) Uber die Temperaturabhingigkeit der elecktrischen
Leitfidhigkeit von Wissein. Vom Wass. 38, 27-48.

14



ol

L] 4341 .11

aM3

m\mn m <
ThT.r-lJl._-.ll...r jb—a

—.”“_T.:.JI.L.O. Ea g
GaieRas
1 [ nle
nvvp.hr.u. I E g
)
]

8

S59

auizeWIS

uiw /ewyl] uofluplay .

L 2.1nbi4

b

uilylowied




DISTRIBUTION SHEET
(To be completed by all Project Leaders completing commissioned research
project reports. Please bind a copy of this distribution sheet as the
final page in all internal (IFE) copies of the report.)

1 JAUTHORS : W A House and D R Orr

TITLE: Preparation, reconstitution and homogeneity studies of lyophilised permethrin
and simazine containing water samples. RESULTS OF THE PILOT STUDY - RECONSTITUTION OF
REPORT REF: RL/T0405301/1 WATER SAMPLES

MASTER COPY HELD BY;: D M Morton .
REPORT ACCESS CODRE (please assign a suitable code from list overleaf): C

2 /DISTRIBUTION LIST (A-G standard distribution; H other) Nos. copies| Date

A)Contract Customer: Commission of the European Communities 2 1.12.89
BXJ.G. Jones (requires copy of title page and 1 1.12.89

abstract only)
CYA.D. Pickering (1 copy of all reports) 1 1.12.89
DYIFE Internal Coordinator for Commissioned Research

(one copy of all reports) Dr A D Berrie 1 1.12.89
T)Project Leader: Dr W A House 1 1.12.89
TYFBA Library, Windermere (1 copy of all reports) Lo 1.12.89
G)FBA Library, River Lab. (1 copy of all reports) 1 1.12.89
H)IOTHER:- please list below and indicate nos. copies

in RH colunn.
L. Mr DR Orr L 1.12.89
2.
3.
4.
5.
6.
7.
8.
9.
1G.
TOTAL NOS COPIES MADE: 8




The Freshwater Biological Association is the leading scientific
research organisation for the freshwater environment in the United
Kingdom. It was founded in 1929 as an independent organisation to

pursue fundamental research into all aspects of freshwater biology and
chemistry. The FBA has two main laboratories. The headquarters is at
Windermete in the Lake District and the River Laboratory is in the south
of England. A small unit has recently been established near Huntingden
to study slow-flowing eastern rivers.

The FBA's primary source of funding is the Natural Environment
Research Council but, in addition, the Association receives substantial
support from the Department of the Environment and the Ministry of
Agriculture, Fisheries and Food who commission research projects
relevant to their interests and responsibilities. Italso carries out
contracts for consulting engineers, water authorities, private industry,
conservation bodies, local government and international agencies.

The staff includes scientists who are acknowledged experts in all the
maijor disciplines. They regularly attend intemational meetings and visit
laboratories in other countries to extend their experierice and keep up
to date with new developments. Their own knowledge is backed by a
library housing an unrivalled collection of books and pericdicals on
freshwater science and with access to computerized information
retrieval services. A range of experimental facilities is available to carry
out trials under controlled conditions, These resources can be made
available to help solve many types of practical problems. Moreover, as
a member of the Terrestrial and Freshwater Sciences Directorate of the
Natural Environment Research Council, the FBA isable to link up with
other institutes to provide a wider range of environmental expertise as
the occasion demands. Thus, the FBA is in a unique position to bring
relevant expertise together for problems involving several disciplines.

Recent contracts have involved a wide variety of topics including
biclogical monitoring, environmental impact assessment, fisheries
problems, salmon counting, ecological effects of reservoirs and other
engineering works, control of water weeds, control of insect pests and
effects of chemicals on plants and animals.

. Windermere Laboratory River Laboratory
The Ferry House East Stoke
Ambleside Wareham
Cumbria LA22 OLP Dorset BH20 6BB
Telephone: 09662-2468 Telephone: 0929-452314
Telex: 8950511 ONEONE G Telex: 8350511 ONEONE G
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Facsimile: 09662-5914 Facsimile: 0923-462180
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