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Number of pesticides authorized and applied in EU (20 10): ∼∼∼∼350
�Herbicides: 127
�Fungicides: 118
�Insecticides: 38
�Others: 67

Recommended for use (CV)

Herbicides 12

Acaricides 10

Fungicides 60

Inecticides 45

TOTAL 127

HOW MANY PESTICIDES DO WE NEED TO CONTROL IN AMBIEN T AIR?



130 priority substances in five major crops (cereals., maize, oilseeds, fruit threes, vineyards)

Priority score =Hazard Factor X Kg of Use



METABOLITES/DEGRADATION-TRANSFORMATION PRODUCTS/BRE AKDOWN PRODUCTS

HOW MANY METABOLITES DO WE NEED TO CONTROL IN AMBIE NT AIR?



DEGRADATION/TRANSFORMATION PRODUCTS

67 metabolites  could exhibit the parent pesticidal mode of action 
(57 selected for further study)

523 SOIL METABOLITES were identified from 185 CUP in UK

C. Sinclair et al., 2010



METABOLITES

eg. CARBENDAZIME



ANALYTICAL METHODS

DETERMINATION

GC-MS; GC-MS/MS

LC-MS/MS

Newly introduced 
pesticides are:

more polar

less toxic

more 
degradable in 
ambient air



Why do we need HRMS ?



Why do we need HRMS ?



COMBINED TARGET/NON TARGET STRATEGIES 
FOR MASSIVE ANALYSIS OF PESTICIDES IN AIR 
USING LC-ACCURATE MASS - HRMS



COMPREHENSIVE AIR 
PESTICIDE ANALYSIS
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GENERIC METHOD OF EXTRACTION

50ºC/20’
1200W

30 mL Ethyl Acetate

SAMPLES
MAE

ASE

MATRIX EFFECT (ME) (%) =  (B/A)*100 ; 
B= sample solution; A= standard solution

High:  ME= 23-59 %

Moderate: ME=61-80 %

Low: ME=83-90 %

filters

adsorbent

1



Exact mass

< 1 ppm en each scan

m/z = 200
m/z= 200.1457 // 200.1455

Resolution

1000.000 max

Dinamic Range

>104

Collision cell HCD

All ions fragmentation

Others

Mass range: 50-4000

Up to 10 scans/s

Polarity switching (1s)

2

Image 
current



WHY DO I NEED HIGH RESOLUTION?
2



HOW MUCH RESOLUTION DO I NEED?

2
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GENERIC METHOD OF EXTRACTION

Target DB
(prioritary pesticides)

Quantification Confirmation

≥ 2 diagnostic ions

Mass accuracy < 5ppm

tR (±0.2 min)

Product ion (HCD) < 5ppm

RIA (relative isotopic abundance)

(±30%, relative)

Linearity

Matrix effect

Recovery

RSD

LOQ

Post-run target DB
(∼600 pesticides+ metabolites)

Based on:

Mass accuracy < 5ppm

Product ion (HCD) < 5ppm

RIA (relative isotopic abundance)

LC-HRMS

Validated quantitative method Screening  method (without SDL)

2



DATA BASE (csv) OF PESTICIDES AND OTHER SUBSTANCES
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DATA BASE OF PESTICIDES AND OTHER SUBSTANCES
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DETECTION CRITERIA post-target

1

2

3

4

4
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OPTIMIZATION OF ION SOURCE SETTINGS (DoE)

STUDY OF HCD FRAGMENTATION
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METHOD DEVELOPMENT



Linearity : 5 and 100 ng mL−1 in vial

Matrix effect: 23-90%                     (matrix matched calibration)

Recovery: 73-113 % (20ng/filter)

RSD: 6-25% (20ng/filter)

LOQ: 6.5 pg/m3 -75 pg/m3 (when 760 m3 where collected)

PERFORMACE OF THE QUANTITATIVE METHOD 



TERBUTHYLAZINE

[M+H+]= 230.1166

C9H16ClN5

Fragment 1= 174.0541

C5H9ClN5

[M+H+]= 212.15059

C9H18ON5

Fragment 1= 156.08802

C5H10ON5

hydroxy-terbuthylazine 
4-(tert-butylamino)-6-(ethylamino)-1,3,5-triazin-2(1H)-one



[M+H+]= 280.15433

C15H22O4N

METALAXYL

Fragment 1= 160.1121

C11H14N

Fragment 2= 192.1383

C12H18ON

Fragment 3= 220.1332

C13H18O2N

[M+H+]= 266.1387

C14H20O4N

Fragment 1= 180.1015

C10H12O3

N-(2,6-dimethylphenyl)-N-(methoxyacetyl)alanine



CARBENDAZIM
2-AMINOBENZIMIDAZOLE

[M+H+]= 134.0713

C7H8N3

Fragment 1= 133.0634

C7H7N3

[M+H+]= 192.07675

C9H10O2N3

Fragment 1= 160.05046

C8H6ON3

1H-Benzimidazol-2-amine



TAKE HOME MESSAGES

GENERIC SAMPLE PREP. SUITED FOR MANY PESTICIDES/TOXICANTS

LC-MASS ACCURACY-HRMS  READY TO REPLACE MANY QqQ 
METHODS

COMBINE TARGET/ POST-TARGET STRATEGIES FOR MASSIVE 
DETECTION OF PESTICIDES AND METABOLITES IN AMBIENT AIR



EXPOSURE AND RISK ASSESSMENT

OF AIRBORNE PESTICIDES



DIE (µg/kg/day) = Σ(C x IR inh x ED)/ BW

C is the total (particle+ gas phases) concentration of each pesticide in the air (ngm-3), IRinh is 
the inhalation rate per hour (m3/h), ED is the exposure duration (h) to air and BW is body 
weight of the subject (kg). 

HQ = DIEi /HBRV i
Hazard Quotients (HQ) as a risk descriptor

HBRVi is the Health Based Reference Value for i

DAILY INHALATION EXPOSURE (DIE )DAILY INHALATION EXPOSURE (DIE )

HQ < 1  ���� ACCEPTABLE RISKHQ < 1  ���� ACCEPTABLE RISK

USEPA / WHO

HAZARD QUOTIENT (HQ)HAZARD QUOTIENT (HQ)

HBRVs: AOAEL, ADI, ARfD



METHODS FOR CUMULATING THE TOXICITY OF COMPOUNDSMETHODS FOR CUMULATING THE TOXICITY OF COMPOUNDS

HAZARD INDEX (HI)HAZARD INDEX (HI)

RVs: Reference Values: (AOAEL, ADI, ARfD, )

HI < 1  � ACCEPTABLE RISKHI < 1  � ACCEPTABLE RISK

Toxicology Letters 180 (2008) 137–150



Total concentration 

(gas and particulate 

phase) of ambient 

air pesticides

Health-based 

guidance values

RfD, ADI, AOAEL

Risk Assessment

Hazard quotient (HQ), Hazard Index 

(HI)

SCREENING RISK ASSESSMENT OF ATMOSPHERIC PESTICIDES

PM10 sample 

collection

HV sampler; 

30 m3h-1, 24 h,

QFF filter (15 cm 

diameter) 

Analysis of PM10-

bound pesticides 

LC-MS/MS and 

GC/MS/MS for 

polar and apolar 

pesticides, 

respectively

Koamodel for 

particle-gas 

distribution

Exposure 

assessment

(daily  inhalation 

exposure)



Particulate
matter

Gas 
Phase

G/P PARTITIONING

PL; Kp; KH

Environmental factors (Tº, H )

Koa ABSORTION MODEL (Finnizio et al.1887; Harner and Bieldman, 1998, Sofouglu, 2004)

ø = (KpCTSP)/(1 + KpCTSP) 
Where ø is the particulate percentage (fraction of the compound in the particle phase), CTSP is the concentration 

of total suspended particles in the air (µg m-3), and Kp is the gas/particle partition coefficient .

logK p = logK oa + log fOM - 11.91 
Where logKoa is the octanol-air partitioning coefficient, and log fOM is the fraction of 
organic matter. 



G/P PARTITIONING



HAZARD QUOTIENT

Max. HQAOAEL

0 0,0005 0,001 0,0015 0,002 0,0025 0,003 0,0035 0,004 0,0045 0,005

Chlorpyrifos

Bifenthrin

Diazinon

Metalaxyl

Malathion

Folpet

Terbuthylazine

Carbendazim

Omethoate

Dimethoate

Buprofezin

Carbofuran

Chlorothalonil

Chlorpropham

Chlorpyrifos-m

Dicofol

Diphenylamine

Fludioxonil

Permethrin

Tebuconazole

HQ< 1 = safe



HAZARD INDEX

HI

0 0,001 0,002 0,003 0,004 0,005 0,006 0,007

OPs (6)

Carbamates (2)

Pyretroids (2)

HI< 1 = safe



External 
exposure
External 
exposure Internal Dose

Monitoring Biomonitoring

Risk 
assesmentExposure assessmentExposure assessment
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Dr. Vicent Yusà (yusa_vic@gva.es) // Vicent.Yusa@uv.es)


