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AIM OF THE STUDY

TO EXPLORE THE FATE AND DISTRIBUTION OF A RANGE
OF PHARMACEUTICALS IN THE ENVIRONMENT OF SAUDI
ARABIA

TO ESTABLISH THE UPTAKE IN WILD AND RUDERAL
PLANTS UNDER REALISTIC ENVIRONMENTAL
CONDITIONS.

To this end, ultra-high performance liquid
chromatography with high resolution mass
spectrometry (orbitrap) were used together to different
software, to achieve quantification as well as data
interpretation and structure elucidation.



Determination by LC-HRMS
Thermo Scientific™ Vanquish™ UHPLC system:

• Vanquish Binary Pump
• Vanquish Column Compartment

Kinetex Core-Shell Biphenyl from Phenomenex (Torrance, CA, USA) (2.1 x 50 mm, 1.7 
μm).
Mobile phases: 

HESI+: (A) H2O/0.1 formic acid and (B) methanol/ 0.1 % formic acid/ 5 mM 
ammonium formate. 
HESI-: (A) H2O 2mM ammonium fluride and (B) methanol 2 mM in ammonium 
fluoride. 

Flow rate of 0.4 mL/min and column temperature of 30 ºC

Thermo Scientific™ Orbitrap Exploris™ 120 mass spectrometer equipped with a Thermo
Scientific™ OptaMax™ NG ion source

• Ionization mode: ESI positive & negative
• Scan range (Full MS) (m/z): 80-1000
• Spray voltage positive (KV): +3.5
• Spray voltage negative (KV): -2.5
• Capillary temp ( ⁰C): 320
• S-lens RF level: 70
• Heater temp (⁰C): 350
• Sheath gas (units/N2): 50
• Aux gas (units/N2): 10
• Sweep gas (units/N2): 1



Dynamic Exclusion
temporarily put a mass into an 

exclusion list after its MS2 spectrum

Targeted mass list
50 compounds in ESI +
30 compounds in ESI-

Full scan 
120000 FWMH
RF Lens 70 %

ddMS2

Targeted mass list +
Mas tolerance 10 ppm
Ignore charge states
Set CE per compound
Perform dependent scan on 
most intense ions if no 
targetas are found

4
scans

PPCPs 35

Acetaminophen Ketoprofene

Allopurinol Lamotrigine

Alprazolam Loratadine

Atenolol Lorazepam

Atorvastatin Metformin

Caffeine Metoprolol

Codeine Norfloxacin

Carbamazepine Ofloxacin

Chlorpromazine Ranitidine

Citalopram Sinvastatin

Clarythromycin Sulfadiazine

Diazepam Sulfamethoxazole

Etoricoxib Tramadol

Erythromycin Trimethroprim

Fluconazole Velanfaxine

Flumequine Verapamide

Fluoxetine Zolpidem

Furazolidone



Dynamic Exclusion
temporarily put a mass into an 

exclusion list after its MS2 spectrum

Targeted mass list
50 compounds in ESI +
30 compounds in ESI-

Full scan 
120000 FWMH
RF Lens 70 %

ddMS2

Targeted mass list +
Mas tolerance 10 ppm
Ignore charge states
Set CE per compound
Perform dependent scan on 
most intense ions if no 
targetas are found

4
scans

Compound 24

Atorvastatin Ibuprofen

Bisphenol A Indometacin

Benzafibrate Ketoprofene

Butylparaben Mephenamic acid

Clofibric acid Methylparaben

Chloramphenicol Naproxen

Diclofenac Propylparaben

Ethylparaben Salicylic Acid

Fenofibrate Thiamphenicol

Furosemide Triclocarban

Gemfibrozil Triclosan

Hydrochlorothiazide Warfarine



Extraction 
procedure –
POLAR
CONTAMINANTS

SOIL & PLANTS

WATER

Lyophylized soil or plant (2 g)

5 mL Mc Ilvain buffer
 (pH = 5.6) +0.2 M EDTA
5 mL methanol

ULTRASOUNDS 
5 min

FILTRATION

Supernatant

Adjust 
filtrate 
volume at 
250 mL

250 mL of 
filtrated water

SPE Strata-X cartridges

Methanol elution

Evaporation to dryness

Redissolve in 1 mL of 
mobile phase



Results and 
discussion 0
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Matrix effect -30  ̶  
30 % for 80 % of the 
PPCPs 

Sensitivity:
LOQs 
0.1 -1 ng L ̶ 1  water 80 % PPCPs
0.1-1 ng g ̶ 1 soil 75 % PPCPs
0.1-1 ng g ̶ 1 plants 70 % PPCPs

>1 -10  ng L ̶ 1  water 20 % PPCPs
>1-10 ng g ̶ 1 soil 20 % PPCPs
>1-10 ng g ̶ 1 plants 20 % PPCPs

>10 ng g ̶ 1 soil 10 % PPCPs
> 10 ng g ̶ 1 soil 10 % PPCPs

 





Compound Discoverer Untargeted 
environmental research ID workflow 
without statistics





Riyadh city (24°39′N 46°43′E)

 Population of ca. 7.4 million people (2021)

 Most populated city in Saudi Arabia

 Country's center

 About 600 m above the Sea level

 Sourround by a large industrial city

 Deserted climate

 Arid and dry conditions (humidity from 0 to 10.3 %)

Abha (18°13′1ʺN 42°30′19ʺE)

 Population of 1.1 million people (2021)

 6th largest population in Saudi Arabia

 Country's South-West

 Hilly area at 2270 m above the Sea level 

 Surround by the Asir National Park

 Continental semi-arid climate

 cooler and wetter climate
Abha

Riyadh



Experimental
Sampling 

Phramites australis
Atriplex leucoclada
Prosopis juliflora Digitaria ciliaris

 Ocimum bacilicum
 Salsola imbricata
Conocarpus erectus
Tamarix aphylla
Prosopis juliflora Prosopis juliflora

Phragmites australis
Ecylptus australis

Nerium oleander
Salsola imbricata

Conocarpus erectus

Juniperus phoenicea
Lavandula  sp.

Juniperus phoenicea
Psiadia punctulata
Dodonaea viscosa
Cenchrus ciliaris
Cadia  purpurea
Ficus sp.

The most notable similarity, in terms of plant species, is that Conocarpus erectus is present in all five stands 
in Riyadh, while Dondonea viscosa is found in the Abha stands and in the Asir National Park stand 



Riyadh (n=37) Abha city (n=28) Ashir Natural Park (n=5)

PPCPs
Concentration (ng/g d.w.) Frequency

(# Ocurrences)
Concentration (ng/g d.w.) Frequency

(# Ocurrences)
Concentration (ng/g d.w.) Frequency

(# Ocurrences)Min Max Average Min Max Average Min Max Average

Salicylic acid <LOD 6605 670 35 <LOD 9954 2030.3 22 302.1 2204.8 1147.9 7

Thiamphenicol <LOD 109 4 6 <LOD 0 0 0 — — — —

Furosemide <LOD 655 3 11 <LOD 168.7 21.8 6 <LOD 90.1 26.6 3

Chloramphenicol <LOD 20 0.5 1 <LOD 0 0 0 — — — —

Methylparaben 1.3 1271 109 37 <LOD 953.8 110.8 19 14.4 147.4 73.9 7

Ethylparaben <LOD 21 4 15 <LOD 8.1 1.1 6 <LOD 3 0.4 1

Naproxen <LOD 3 0.1 1 — — — — — — — —

Benzafibrate <LOD 6 0.2 1 <LOD 42.9 6.5 7 — — — —

Propyparaben <LOD 5 0.5 6 <LOD 6.5 1.2 8 <LOD 7.1 2.7 4

Warfarin <LOD 3 0.1 1 <LOD 13.6 0.6 2 — — — —

BPA <LOD 1609 95 6 <LOD 201 9.3 7 <LOD 5.2 0.7 1

Diclofenac <LOD 687 92 17 <LOD 287.7 20.9 6 <LOD 129.7 20.6 3

Indomethacin — — — — <LOD 3.3 0.1 1 — — — —

Ibuprofen <LOD 1214 60 9 — — — — — — — —

Metformin <LOD 30 4 13 — — — — — — — —

Atenolol <LOD 1010 142 9 <LOD 2069.1 235.9 8 — — — —

Codeine <LOD 27 0.6 1 <LOD 13 0.5 1 — — — —

Ofloxacin <LOD 387 11 1 — — — — — — — —

Paracetamol <LOD 14 3 12 <LOD 25.6 1.8 3 — — — —

Tramadol <LOD 234 18 5 <LOD 2.9 0.1 1 — — — —

Caffeine <LOD 42 8 32 <LOD 4128.2 192.4 11 — — — —

Etoricoxib <LOD 8 0.2 1 — — — — — — — —

Enelapril <LOD 204 6 1 — — — — — — — —

Lorazepam <LOD 195 5 1 — — — — — — — —

Simvastatin <LOD 544 15 1 <LOD 279.2 10 1 — — — —

ΣPPCPs 22 2363 572 37 <LOD 5496 591.2 25 19.6 189.6 98.4 7

Concentration 
and frequency 
of each PPCP
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Statisticals:

 Concentrations were compared to 
location and to sampling stand. 

 Kolmogorov-Smirnov (n > 50) or Shapiro–
Wilk (n < 50) tests were used for 
normality and Levene's test for 
homogeneity of variances. 

 Differences in concentrations were 
established through Mann–Whitney U 
(M–W) or Kruskal–Wallis (K–W) tests, 
considering places, sampling stands (1 to 
8)

NO STATISTICAL
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 PPCPs was found to be the second-highest group of contaminants in wild and ruderal
plants.

 The ΣPPCPs concentration in the wild plants ranged from <LODs to 5496.0 ng g−1 d.w. with
an average of 63 ng g−1 d.w.

 The highest values are due to salicylic acid that reached averages >2000 ng g−1 d.w. This
can be a natural product from plants produced specifically due to hydric stress.

 In addition to this, 23 PPCPs were detected in Riyadh, 17 in Abha and 7 in the stand at the
Asir National Park.

 Abha had the highest average concentration of ΣPPCPs (excluding salicylic acid) (25 ng g−1 
d.w.), followed by Riyadh (18 ng g−1 d.w.), while Asir National Park had the lowest 
concentration (4 ng g−1 d.w.).

 These differences between ΣPPCPs concentration were not statistically significant.

 Comparison of C. erectus in Riyadh stands shows the presence in stand 4 of high
concentrations of diclofenac and ibuprofen not present in the other stands. This could be
related to the irrigation with treated wastewater.

 The absorption of PPCPs by plants is ruled by their acid/basic character and most of the
detected PPCPs in this study have also log P < 3. It is noteworthy that in Abha only acid
PPCPs were detected mostly of logP<3 but also of log P>3.

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/salicylic-acid


STUDY AREA SAMPLED IN 2022

AREA SAMPLED
IN 2019

3

– Wastewater effluent (KFSHRC WWTP)
– Water before the point of effluent release
– Water after the point of effluent release 
– Soil 
– Plant

– Wastewater effluent (STP WWTP) sería punto 3 y no 2
– Water before the point of effluent release
– Water after the point of effluent release
– Soil 
– Plant

– Wastewater effluent (Manfouha WWTP)
– Water before the point of effluent release
– Water after the point of effluent release
– Soil 
– Plant

2
1

5

4



❶

❷
– Water 
– Soil 
– Plant

– Wastewater effluent 
– Water before the point of effluent release
– Water after the point of effluent release
– Soil 
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MW: 341.07106 
File: SULTAN PLANT 8I BAGF S2_ddMS2pes.raw (F3) FTMS (+) MS1
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     SULTAN PLANT 8I BAGF S2_ddMS2pes (F3) #6890, RT=9.176 min, MS2, FTMS (+), (HCD, DDA, 342.0783@(18;35;48), +1)





Pesticides Pharmaceuticals Endogenous compounds Contaminants

Propyconazole Benzenesulfonamide Aa (Tryphtophan, Phenylalanine) Stearamide

DEET Oleamide PEG (5,6,7,..10, etc.)

Cyhalofop acid Galaxolido Phthalates (Bis(2-ethylhexl); dimethyl)

Imazamox Mothoxyquiruline Citroflex 4

Buprofezim Cafetol Steroyl glycerol

Trybuthyl citrate Tris-(2-butoxyethyl)phosphete

Sedenoline Ethyl miristate

Some examples of non-target compounds identified using non-target ddMS2 of the 4 more intense ions per cycle
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Pesticides Pharmaceuticals Endogenous compounds Contaminants

Fungicides (propiconazole, dibenzoconazole, tebicpmazpñe) Benzenesulfonamide Aa (Tryphtophan, Phenylalanine) Stearamide

DEET Oleamide PEG (5,6,7,..10, etc.)

Neonicotinoids (imidacloprid, acetamiprid) Galaxolido Phthalates (Bis(2-ethylhexl); dimethyl)

Triazines (atrazine, terbuthylazine and their met.) Mothoxyquiruline Citroflex 4

Organophosphorus (chlorpyrifos, chlorfenvinfos) Cafetol Steroyl glycerol

Carbamates (carbofuran, carbofuran 3-hydroxy) Trybuthyl citrate Tris-(2-butoxyethyl)phosphete

Other (hexitiazox, pyriproxyfen) Sedenoline Ethyl miristate

Some examples of non-target compounds identified using non-target ddMS2 of the 4 more intense ions per cycle
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Conclusions
• High-resolution mass spectrometry (orbitrap) provides different non-target

workflows with a high capacity for compound identification.
• Combination of targeted analysis using ddMS2 when using as dependent data the

inclusion of the compound in a database and of non-target analysis to also
perform dependent scan on most intense ions if no target as are found allows to
broaden the number of determinable compounds and to expand the
quantification capabilities.

• The selection of intensity as a dependent parameter for ddMS2 provides high-
quality information about the major compounds in the sample. However, it fails to
determine those that co-elute with compounds of higher intensity.

• The combination of both target and non-target analysis in the same injection
provides an interesting profile of the compounds presents in the samples enlarging
the identification of chemicals..
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