





































































































































































































Chapter Two — Method Development of Analysis Techniques

advance purification/clean-up techniques is also recommended. Table 2.1 to
Table 2.5 have been adapted and expanded from Diaz-Cruz et al., (2003) and
summarise techniques for the extraction and analysis of pharmaceuticals from a

range of matrices.
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Agueous Phase  Organic Phase Gradient (with respect Standard Results / C t 'Chr\? ma:jogram
(A) (B) to B) Solution Matrix ults [ -omments oungn
Appendix
Milli-Q : MeOH : MeOH + 0.1% MeOH : Milii-Q : Only 3 peaks of 4 expected, possibly
formic acid (95 : 5 L 50 - 100% over 20 min formic acid (50 : due to co-elution of Fluoxetine with Figure A.9.
: formic acid
:0.1) 50:0.1) Oxazepam
e Milli-Q : MeOH : ACN + 0.1% MeOH : Milli-Q : Fluoxetine response poor - solutions
£ formic acid (95 : 5 formi . 50 - 100% over 20 min formic acid (50 :  of higher concentration made (0.1 mg Figure A.10.
E :0.1) ormic acid 50 : 0.1) mr™)
o
’E‘ Milli-Q : MeOH : ACN + 0.1% MeOH : Milli-Q :
3] formic acid (95 : 5 A isocratic (60:40, A:B) formic acid (50 : Fluoxetine eluting within solvent front Figure A.11.
(=] ) formic acid -
- :0.1) 50:0.1)
£
= Milli-Q : MeOH : ; . MeOH : Milli-Q:  Fluoxetine eluting too close to solvent
[Ip) 0, . . .
& formic acid (95 : 5 ﬁgr?ln::g;d/o 'So‘(:éast_'géﬁ (%76393?0) formic acid (50 : front & contamination seen in Figure A.12.
&) :0.1) A 50:0.1) solutions - solutions remade
%]
e ‘ _ :
> Milli-Q : MeOH : : ACN +01% MeOH : Milii-Q : Contamination no longer apparent.
o formic acid (95 : 5 formic a'ci d° isocratic {(A:B, 67:33) formic acid (50 : Concerns as to stability of target
3 :0.1) ) 50:0.1) compounds in aqueous solutions
72}
(= Unable to obtain satisfactory Figure A.13.
Milli-Q : MeOH : ACN + 0.1% _ MeOH : ACN : separation between Fluoxetine and
formic acid (95 :'5 formic a.ci d° isocratic (A:B, 67:33) formic acid- (50 : solvent front for later use of method
:0.1) 50:0.1) with biodegradation samples which
: may contain more polar metabolites

Table 2.6. Optimisation conditions and results for the chronological sequence of HPLC-UV method development using three columns with
different stationary phases to optimise the chromatographic separation and resolution of four target compounds (Fluoxetine, Diazepam,

Temazepam and Oxazepam)

















































































































































Chapter Three: Method Development of Extraction Techniques

3.4.2. Extraction from Soil: Final Working Method
A sirhple extractidn_ method using acidified ACN was developed for use with a
" modified version of the method developed‘ for water. The use of a tandem SAX
cartridge successfully allowed significant removal of interfering substances such
as humic and fulvic acids from the soil samples. Comparison of HPLC-UV
chromatograms from soil (Figure 3.7) and water extractions (Figure 3.3)
indicated the removal of the majority of interfering components. Only one
additional peak (~ 4 minutes, at 214 nm oﬁly) due to an unknown soil artefact

was found.

During 'the sample preparation process the extracts from sbil were heavily
diluted to reduce the organic content to less than-2%, which ensured that the
target cdmpounds were retained upon the Strata-X cartridge and no premature
breakthrough occurred. This acidification process involved reduction of the pH
to below 2.9 so that the target compounds were neither positively nor neutrally
charged and therefore not retained upon the Strata-SAX cartridge and were free
to pass through to the Strata-X cartridge where they were retained (Blackwell et
al., 2004). The final working method from the extractior_m and clean-up of target

compounds from SS amended-soil is summarised in Figure 3.8.

" Figure 3.7 also shows a results summary for all ACN + 1% formic acid _
extractions that were performed'in iriplicate. It clearly shows the a_dvantage of
immediate extraction and the use of small -soil sample masses. Statistical
analysis to draw comparisons between the Sg sample sets extracted
immediately or 7 days post spiking showed no difference in variation _fdr any of
the target compounds at the 95% confidence. intenfal (F-test, P-value:

Fluoxetine 0.090; Oxazepam 0.495; Temazepam 0.298; Diazepam 0.355).
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Chapter Three: Method Developnient of Extraction Techniques

Statistical analysis also indicated no differences in the mean recoveries of
Fluoxetine or Temazepam (t-test,.P-vaIue: 0.228 and 0.233 respectively) when
the spiked soil was left for a week before being extracted, as opposed to
immediate extraction. However for Oxazepam and Diazepam, t-test P-values
were found to be 0.003 and 0.035 respectively, indicating that the differences in
Oxazepam and Diazepam recoveries seen in the tvyo sets (immediate and 7
days) were statistically significantly different. Due ' to the commonality of
functional groups between the 1,4-benzodiazepines ‘studied it could be
expected that their behaviour regarding sorption to soil would be similar. It is
possible however that small differences in functional groups, such as the C3
hydroxyl in Oxazepam or the N1-methyl in Diazepam (Figure 3. 6), impacted the
rate of sorption of these compounds into soil during this method development
work. It would appear that if Temazepam undergoes sorption it is very rapid,
whereas the sorption of Oxazepam and Diazepam was slower and hence
appeared more progressive. It should however be noted that these analyses

were only repeated in triplicate.

Figure 3. 6. Structures of target 1,4-benzodiazpines

Diazepam: R' = CH,, R? = CH;,
Nordiazepam: R'=H, R2=CH,
Temazepam: R'=CH, R*=0H
Oxazepam: R'=H, R?’=OH
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Chapter Three: Method Development of Extraction Techniques

Sample Transfer to centrifuge tube ﬁ
Preparation:——— — — — — —» with ACN + 1% formic acid
For soil samples (5mL)
15g maximum - 1
l
Sonicate (15 -mins) = Repeat in
| T trlplncate
l .
v .
Centrifuge (1500 rpm, 15 mins)
I
I
v _

Combine supernatants and
filter (Whatman No 1)

I

I

v

Make up to 1L with Milli-Q (or reduce organic content
to < 2 %) and H,PO, (200 pL) to obtain pH < 2.9

I

v |

Solid Phase v

Extraction: — —————— —» One Phenomenex Strata-X (polymeric sorbent; 500
mg / 3 mL) and one Strata-SAX (Tri-func SAX; 500
m?g", 500 mg / 3 mL) SPE cartridge per sample
Condition: all cartridges with MeOH (3 mL)
Equilibrate: all cartridges with Milli-Q (3 mL)

Place cartridges in tandem; Strata-SAX on top

Load Sample: Flow rate ~ 5 mL min’

Remove Strata-SAX SPE cartridge

Wash: MeOH : Milli-Q (50 - 50 viv, 2 x 3mL)

Dry cartridge (~ 5 min)

+ _ _ Elute;MeOH + 1% formic acid (6 mL)
N; blow-down to 4 - '

./ ) .

Reconstitution: ————— —» 500 uL ACN, of which 200 pL

- removed to autosampler vial with
300 pL of Milli-Q modified with

_ 0.2% formic acid - '

Figure 3.8. Flow diagram showing the final working method for sample
extraction, preparation and SPE of Fluoxetine, Diazepam, Temazepam and
Oxazepam from SS amended-soil

For the biodegradation of Fluoxetine HC! in SS amended soil experiment reconstitution was as
follows; 200 uL ACN, of which 50 pL was removed to an autosampier vial with 200 uL of Milli-Q
modified with 0.12% formic acid (v/v).

For the extraction of Rothamsted soils reconstitution was as follows; 200 uL ACN, of which 50
uL was removed to an autosampler vial with 50 pL of Milli-Q modified with 0.12% formic acid
(viv).
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Chapter Three: Method Development of Extraction Techniques

3.4.3. Extraction from Soil: Summary and Method Limitations
This study indicated that the soil extraction and clean-up method developed is
" suitable for the extraction of Fluoxetine, Diazepam, Temézepam and Oxazepam
from SS.amended-soils. However, as a final caveat, for use with soils that have
unusually high SS_ application rates, or use with untreated sewage, some
modifications méy be required, sincé as part of this project agricultural soils that
had been treated previously with SS for several years, as part of a study on
heavy metal pollution of SS-amended soils, were obtained from Rothamsted
Research, Harpenden, Hertfordshire, UK. These soils sourced. from seven
different sites (Woburn, Gleadthorpe, Watlington, Pwllpeiran, Rosemaund,
Bridgets and Shirburn) across Britain were- sampled annually "and had
undergone both short and long term treatments of annual SS application (1994
— 1997 and 1994 - 2005). The soils included control soils (no $S8), soils treated
with digested sludge cake (short and long term treatments) and soils treated
With raw SS cake (short and long term treatments) all ﬂof which were sampled in
2005. More detailed information on the cha-racteristicsv of these soils and
sludges are presented by Gibbs ef al,. (2006). The aim of obtaining these soils
was to make an assessment of potential rates of accumulation and degradation

of PPCPs in a range of soil types.

~ Initially soils treated with undigested sludge cake for 12 years from all seven
| sites were extracted and analysed. Samples (~ 40 g) were separated into four

sub-samples (~10 g) and spiked with IS (ds-Fluoxetine HCI (1 pg) and ds-
Oxazepam (1 ;-Jg) per sub-sample) before undergoing the develo'ped soil
extraction method (Figure 3.8), prior to tandem SPE supernatants were |

combined. HPLC-ESI-MS using conditions described in sections 2.4.1.2 and
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Chapter Three: Method Development of Extraction Techniques

2.4.2.2 was used for analysis in both full MS and SIM modes.» Sub-samples of
each of these soils treated with undigested sludge cake also underwent
'.procedures to generate semi-quantitative data on the bacterial populations
present as discussed in Section 4.5 and presented in ’the appendices (Figures

A.21 to A.33).

Quantitative data generated from full MS extracted ion chromatograms
indicated variable IS_re_coveries (ds-Fluoxetine HCI 36 £ 19%; ds-Oxazepam 44
+ 19%) that were lower than those obtained for Fluoxetine and Oxazepam in
method development work (Figure 3.8; ~ 50 — 90%).The differing properties of
the range of soils used may account for some of the variation of IS recovery
seen in these samples. Neither full MS nor SIM analysis modes were able to
detect any of the target compounds Fluoxetine, Norfluoxetine, Diazepam,
Temazepam, Oxazepam or Nordiazepam. It was felt that to utilise these
valuable samples for an accumulation and degradation study, further method
development to clegn the samples and reduce the LOD would be required. It
should be noted however that the SS treatment rate used on Rothamsted soils
was based upon heavy metal content, which resulted in biosolid application
rates approximately 10 times greater than those normally used in agriculture.
Also the particular treatment of these analysed sampled used undigested

sludge cakes i.e. raw SS, which is a diArtier matrix than digested SS. |
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Chapter Three: Method Development of Extraction Techniques

3.5. Extraction from Plant Tissues
It was ﬁeceésary to develop or modify a method for the extraction and clean-up
of Fluoxetine from plant tissues for later use in a plant-uptake study. Cauliflower
was selected to be the final test plant but it was impoertant to develop a method
using a readily grown, inexpensive and available plant of similar nature ideally
grown under similar conditions before pursuing the more elaborate cauliflower
growth studies. Cress was selected as a test plant due to its fast growing
nature, ability to grow without soil and because it is from the same Brassica

family as the cauliflower.

3.5.1. Extraction from Brassica Tissues: Method Development
‘An important component of this method development work was to develdp a
method that was able to remove interfering components from the plant tissue
with minimal loss of Fluoxetine. Humic and fulvic acids are thought to contain a
large proportion of plant-derived materials. For this reason it was a logical ﬁ=r5t
step to test the soil extraction method with plant material. It was also n'ecéssary
to ensure that the extraction method developed was capable of extracting the

drug from plant tissue when it has been naturally sequestered.

During this work two different of sources of plant tissue were used; laboratory
grown cress and purchased ‘mixed Brassicaf (Sainsbury’'s salad cress: 85%
rape; 10% cress; 5% mustard). Laboratory grown cress (fine curled cress,
purchased from Wilkinson as seeds) was grown in circular drip trays (14cm
radius, 2.5cm depth; 10% nitric acid washed) on a laboratory windowsill (20 + or
—'5°C). Solvent blanks (100 uL MeOH) were set-up alongside spiked trays (0.1
mg Fluoxetine in MeOH) to which 35mL of sterile Milli-Q was added. Cardboard

lids with a slit (10cm x 2cm) were fixed over the drip trays to reduce potential
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Chapter Three: Method Development of Extraction Techniques

Sample

Preparation:— — —— — — — — » Crush sample using pestle and

mortar with ACN + 1% formic acid
(5 mL) & transfer to centrifuge
tube. IS addition if required

I

| : Repeat in

' . .
triplicate
Sonicate (15 mins) P

I
v

Centrifuge (1500 rpm, 15 mins)
I

|
v

Combine supernatants and
filter {(Whatman No 1)
I

I
\{

Air dry sample to reduce organic contentto 4 mL &
make up to 200mL with Milli-Q and H3PO,4 (40 ul) to
obtain pH < 2.9

v

. I

Solid Phase -
Extraction: - — ——— ——— » One Phenomenex Strata-X (polymeric sorbent; 500

mg/ 3 mL) and one Strata-SAX (Tri-func SAX; 500
m?g™,500 mg / 3 mL) SPE cartridge per sample
Condition: all cartridges with MeOH (3 mL)
Equilibrate: all cartridges with Milli-Q (3 mL)

Place cartridges in tandem; Strata-SAX on top.
Load Sample; Flow rate ~ 5 mL min™ '
Remove Strata-SAX SPE cartridge

Wash: MeOH : Milli-Q {50 : 50 v/v; 2 x 3 mL)
v Dry cartridge (~ 5 min)

Nz blow-downto <« ——— gite: MeOH + 1% formic acid (6 mL)

500 pL ACN, of which 50 pL removed to
autosampler vial with 200 pL of Milli-Q
modified with 0.2% formic acid

HPLC-ESI-MS" operated in full MS and tripte
play (includes MSZ) modes, conditions as
described in Figures 2.7 & 2.13

Figure 3.10. Flow diagram of generic experimental steps used during method
development for the extraction of four target analytes from plant matrices
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Percentage Fluoxetine Recovery

| - . £
Method . . o o E 9 > w
Development Stage Sample Details Extraction % g2 L 2 5
- o O =
QD
0
Testing developed - Cress grown in 100 pg Fluoxetine o . .
soil extraction and HCI. Sampled as whole plants. ACN + 1% formic acid. 1S n/a n/a 303 1411
clean-up method Triplicate 10kg. (67 £ 19) (40 £ 12)
Adaptation of harvest
process & Cress grown in 100 ug Fluoxetine ACN + 1% formic acid. IS 63 62 184 84
confirmation of HCI. Sub-sampled. Triplicate 10 ng. (1S;13£5) (1S;26+12) (I1S;1916) (IS;32x7) 39+3
uptake
. Brassicas_(Safnsbury's) spiked with 0 . . . {IS; 71+ 4
IS recoveries 10 ug IS. Sub-sampled. Triplicate ACN + 1% formic acid. (IS; 28 £ 3) stem only) n/a n/a n/a
. Cress grown in laboratory spiked )
Confiration oIS with 10 g IS. Sub-sampled. ACN +1% formic acid. ~ (IS;11£1) (> 7204 n/a n/a n/a
overies o stem only)
Triplicate
. Brassicas (Sainsbury's) spiked with ACN + 1% formic acid.
Use of alternative . - . (IS; 5 stem
SAX cartridge 10 ug IS. Sub-sampled. Single Alternatlveg SA)*< SPE (1S; 6) only) n/a n/a n/a
replicates cartridge

Table 3.4. Sequential method development stages and results in the extraction of Fluoxetine from Brassica plant tissues

Fluoxetine recovery data is presented as % of originally added amount. Equivalent IS (ds-Fluoxetine HCI) recovery data are presented in brackets as % of IS added

to each individual sub-sampled tissue
* Isolute SAX / PSA SPE cartridges (500 mg / 3 mL)



























































































































































































































































































































































































Chapter Six: Conclusions and Future Work

berries, and the human food chain, but the concentrations are likely to be very
low. Disposal of pharmaceuticals may need to be reconsidered and further
attempts to minimise environmental contamination be made. In the case of plant
uptake, not only the plant sbecies but also the soil type and environmental
factors e.g. soil moisture, pH, temperature, may influence uptake of xenobiotics.
Regulation of disposal of SS to land would therefore need to incorporate a
range of risk based factors including soil and crob type, to minimise upfake.
Another method for minimising contamination would be to ensure removal at the
STW (cf Ternes, 2006). However this research field is still emergent and not
enough is known about the transport of pharmaceuticals in thé environment,
especially the terrestrial environment, and therefore the cost of reducing the

contamination risk cannot be fully assessed at present.
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