
November 15 to 19, 2021

Workshop on Advanced 
Concepts of JMPR FAO Manual 

on Pesticide Residues 

Prof. Eloisa Dutra Caldas
Universidade de Brasilia

eloisa@unb.br



Ø Use pattern
Ø Supervised trials reflecting the critical GAP
Ø Independent supervised trials
Ø Proportionality
Ø Crop grouping
Ø OECD calculator
Ø Alternative GAP
Ø Processed commodities
Ø Animal commodities

SECTION 3 and 4:
Selection of supervised trials for estimation of STMR, HR and
MRL, application of statistical method
(FAO MANUAL: 3.5, 3.6, 3.7, 3.8; Chapter 5)



Ø Good agricultural practices (GAP)
Ø The use of the pesticide registered at national level for the 

adequate pest control
P Dose rate, number of applications, aplication interval, post 

harvest inteval (PHI)  
Critical GAP (cGAP): use pattern leading to the highest residues

� Usually: highest dose and number of application, shortest 
retreatment interval and PHI

USE PATTERN





Afidopyropen
2019 JMPR



Supervised Residue Field Trials

Ø Pesticides are applied to crops or animals according to specific conditions 
intended to reflect commercial practice

Ø Designed to reflect intended pesticide use patterns giving the highest possible 
residues (i.e. matching cGAP)

Ø To determine pesticide residue levels in or on raw agricultural commodities (food 
and livestock feeds)

Ø Single-point studies (sampled at the normal harvest date) or decline studies 
(sampled at intervals after the last treatment and including the normal harvest 
date).

Ø Aim to cover the range of representative growing                                                                             
conditions and cultural practices.

Ø Can result in a wide range of residue values
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Figure 2. Relative frequency of CV values of data sets of leafy 
vegetables, including Brassica leafy vegetables (VL), fruiting 
vegetables, other than cucurbits (VO) fruiting vegetables, cucurbits 
(VC) commodity groups and all data (All) (pg. 145)



Evaluation and selection of trials 
Ø Decisions on which trials to select requires expert judgement to assess 

whether the trials are:

§ Valid (well designed, conducted and reported)
§ Representative and independent (cover the range of different 

growing conditions, crop management practices and 
environmental conditions)
§ Different region, different timing

§ Reflect cGAP (pesticide use patterns leading to the highest 
residues)

§ One parameters may differ from cGAP within ± 25%

§ Application rate may vary from 0.3 to 4X cGAP, with 
adjustment using proportionality7



Field trial assessment
Ø Trial location/site and treated crops are clearly identified

Ø Application details well described
ü plot size, equipment, rate, concentration, adjuvants, growth stages, re-treatment 

intervals, days-to-harvest, other pesticides used

Ø Sampling procedures well reported
ü sample selection, field handling and sub-sampling, shipping conditions, laboratory 

sub-sampling
Ø Portion of commodity being analysed is identified

Ø Sample storage interval (sampling to analysis) and storage conditions reported

Ø Analytical methods are suitable
ü validated, measure all relevant residue components, procedural recoveries meet 

minimum performance criteria (70-120% recovery,  RDS <20%)

Ø Residues in control plots8



Selection of residue data values
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Situation Decision
Residues at longer sampling intervals are higher than at the PHI use the higher value
Replicate samples analysed use the average residue value (the 

highest of the values is the HR)
Valid trials according to cGAP, but not independent (e.g., 
same neighbourhood)

use the one with the highest residue 
value

Residue values in edible portions (pulp), if available use for estimating HRs & STMRs 
Trials conducted at higher or lower rate (0.3× to  4× the cGAP) –
not if residues are < LOQ

Apply proportionality to adjust to cGAP

More than one crop within a Codex group or subgroup Consider recomendation for the group
or subgroup

If residues at higher GAP are < LOQ Consider a zero residue situation
If the number of application is higher than the cGAP Early applications may not contribute to

the final residues
If acute risk assessment indicates a health concern Look for alternative GAP



SDAFSDF
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Metalaxyl in grapes 
(2021 JMPR)

GAP: 
ü4x 0.2 kg ai/ha, 10 days

application interval. 
PHI 
üRomania: 21 days
ü Spain 28 days



Metalaxyl in orange
(2021 JMPR)

GAP (Spain): 
ü Foliar: 3x 0.2 kg ai/ha, 14 days PHI. 
üDriping irrigation: 1x0.38, 14 days PHI 



Number of trials

Ø At least 8 matching cGAP for major crops.
Ø Minor crops: 4 or 5 trials (< 0.5% total daily consumption or > 0.5% total 

daily consumption – see 2015 CCPR 
http://www.fao.org/fileadmin/user_upload/codexalimentarius/committee/docs/INF_CCPR_e.pdf)

Ø For glasshouse treatment: trials from anywhere in the world using the 
same GAP can be considered together

Ø In general, residue variability from post harvest treatment is lower, so a 
lower number of trials may be considered adequate

Ø If number of trials according to cGAP from one country/region is not 
enough, consider trials from other regions (if residue behaviour is likely to 
be similar and residue population are not statistically different)

OECD 
Calculator



OECD CALCULATOR
HTTPS://WWW.OECD.ORG/OFFICIALDOCUMENTS/PUBLICDISPLAYDOCUMENTPDF/?COTE=ENV/JM/MONO%282011%292&DOCLANGUAGE=EN

Ø 8 data points or more - propose MRLs that accommodates 
about the 95th percentile of the underlying residue 
distribution
�Based primarily on a value “mean + 4* standard deviation”

Ø 3-7 data points - "High uncertainty of MRL estimate”. 
Ø Takes into account of the number of data points < LOQ

Ø if more than 50% of the dataset is <LOQ – “High 
uncertainty of MRL estimate”.



� 19 trials conducted according to GAP in Spain with soil application; PHI 3 days

<0.008 (8), 0.008 (3), 0.02, 0.03, 0.06, 0.08, 0.10, 0.14, 0.15, 0.16 mg/kg. 

� 10 studies conducted in USA with foliar application

0.07, 0.16, 0.20, 0.23, 0.26, 0.27, 0.32, 0.62, 0.98, 1.8 mg/kg. 

Residue data

STMR = 0.265 
mg/kg 

HR = 1.8 
mg/kg MRL = 3 mg/kg

STMR= supervised trial median residue
HR = highest residue

If risk assessment indicate a health concern (> 
100% ADI or ARfD), apply alternative GAP 

approach (Spain) 

Risk 
assessment

OECD 
calculator

cGAP



Proportionality
Picoxystrobin (2019 JMPR)
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Ø cGAP for on cotton is in the USA, with 2 x 0.22 kg ai/ha, 5 days interval and PHI of 7 
days

Ø No trials on cotton matched the USA cGAP

Ø 12 independent trials on cotton were conducted at 0.5 kg ai/ha

ü 0.088, 0.095, 0.12, 0.37, 0.39, 0.40, 0.52, 0.81, 1.0, 1.5, 1.9 and 2.0 mg/kg.

Ø Applying proportionality (factor of 0.22/0.5 = 0.44)

ü 0.039, 0.042, 0.051, 0.16, 0.17, 0.18, 0.23, 0.36, 0.44, 0.66, 0.84 and 0.88 mg/kg 

Ø The Meeting estimated a maximum residue level of 2 mg/kg and a STMR of 0.205 
mg/kg for picoxystrobin in cotton seed.



Boscalid (2009 JMPR)
Ø Should not use the OECD calculator

Ø The levels found in rotational crop is compared with those in residue trials:

Not significant ➜ Estimate based on the residue trials
§ Residues in dry beans and dry peas (same population): < 0.05(4), 0.05, 0.06, 

0.09, 0.09, 0.11, 0.12, 0.12, 0.14, 0.16, 0.17, 0.23, 0.31, 0.37, 0.46 and 1.92 mg/kg

§ Succeeding crops residues in alfalfa and soybean seeds: most <LOQ

Significant➜ consider the values in rotational crops
§ Carrots: < 0.05, 0.06, 0.12, 0.17, 0.18, 0.19, 0.28 and 0.34 mg/kg.

§ Potatoes : < 0.05 (16) mg/kg.
� Succeeding crops (carrots): mean and highest of 0.13 and 0.37 mg/kg 
� Recomendations in root and tuber vegetables: MRL= 2 mg/kg, STMR =0.305 

mg/kg and HR= 0.71 mg/kg 0.34+0.37
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Group or subgroup MRLs are estimated when (2013 JMPR):

Ø the pesticide is registered for a group or sub-group 

Ø the median residue of the datasets of the commodities are within the “5 times 
range”

Ø When the residue population among the commodities are not different, the 
residues are combined

Ø When the residue populations are different, the highest residue population is 
considered 

Ø Adequate number of trials should be available for each commodity

Ø If one data set is outside the 5x range, that sub-group may need to be excluded 
from the wider Group MRL (“Group, except …”)









GAP in USA for citrus fruits: 2 x  0.2 kg ai/ha; PHI of 7 days.
Orange(n=11): 0.01 (2), 0.03, 0.06 (2), 0.08, 0.09, 0.10 (2), 0.11 e 0.12 

mg/kg (median 0.08 mg/kg).
Pummelo (n=6): < 0.01, 0.02, 0.04 (3) e  0.07 mg/kg (median 0.04 mg/kg).
Lemon (n=5): < 0.01, 0.02 (2), 0.08 and 0.14 mg/kg (median 0.02 mg/kg).

The medians were within 5x and the residues from the same population, they
were combined (n=22): < 0.01 (2), 0.01 (2), 0.02 (3), 0.03, 0.04 (3), 0.06 (2), 0.07, 
0.08 (2), 0.09, 0.10 (2), 0.11, 0.12 e 0.14 mg/kg.

Cytumetolen in Citrus fruits – 2014 JMPR

MRL recomendation: 0.3 mg/kg for citrus fruits
STMR and HR for eah crop



Crop grouping – Pesticide A
Ø Trials conducted on citrus fruit matching the cGAP in a country

� Residues in mandarins : 0.09, 0.12, 0.12, 0.19, 0.22, 0.23, 0.32 and 0.35 mg/kg.

� Residues in oranges : 0.07, 0.09, 0.15, 0.19, 0.23, 0.24, 0.27 and 0.28 mg/kg.

� Residues in lemons : 0.16, 0.17, 0.19, 0.2, 0.21, 0.22, 0.22 and 0.23 mg/kg.

� Residues in grapefruit : 0.01, 0.02, 0.03, 0.04, 0.04, 0.06, 0.06 and 0.09 mg/kg.

Ø Data sets for mandarins, oranges and lemons are not statistically different; grapefruit 
significantly lower.

Ø Combine residue data for mandaring, oranges and lemons 

� estimation for “Citrus Group (except Pummelo and grapefruits sub-group)” 

Ø Grapefruit dataset

� Estimation for “Sub-group of Pummelo and grapefuits”



Crop grouping
Fluxapyroxad (2018/2019 JMPR)

23

Residues of fluxapyroxad:

Lemon (n = 7): 0.15, 0.16, 0.37, 0.38, 0.40 (2), and 0.45 mg/kg;

Mandarin (n = 1): 0.33 mg/kg;

Orange (n = 10): 0.16, 0.18, 0.32, 0.33, 0.37, 0.38, 0.44, 0.50, 0.52, and 0.58 mg/kg; and

Grapefruit (n = 5): 0.10, 0.15 (2), 0.24, and 0.27 mg/kg.

Residues of total fluxapyroxad were:

Lemon (n = 7): 0.15, 0.16, 0.37, 0.38, 0.40, 0.41, and 0.46 mg/kg;

Mandarin (n = 1): 0.33 mg/kg;

Orange (n = 10): 0.16, 0.18, 0.32, 0.33, 0.39, 0.40, 0.44, 0.50, 0.52, and 0.59 mg/kg; and

Grapefruit (n = 5): 0.10, 0.15 (2), 0.24, and 0.27 mg/kg.

The Meeting estimated maximum residue levels, STMR and HR for citrus subgroups :
ü Lemons and Limes: 1, 0.38, and 0.46 mg/kg, and extrapolate it to the Subgroup of Mandarins
ü Oranges, Sweet, Sour: 1.5, 0.395, and 0.59 mg/kg
ü Pummelo and Grapefruits: 0.6, 0.15, and 0.27 mg/kg.

Not for the 
citrus 

group!



GAP in USA, excluding japanese persimmon
20 trials conducted in USA and Canada
Apple(n = 13): < 0.01 (12) e 0.010 mg/kg (median 0.01 mg/kg)
Pear (n = 7): < 0.01 (3), 0.011, 0.012 e 0.014 (2) mg/kg (median 0.011 mg/kg)

Median values within 5x, but populations are statistically different (Kruskal-
Wallis)

Afidopyropen in pome fruit – 2019 JMPR

Based on pear data, recomendation of MRL of 0.03 mg/kg for pome fruits, 
excluding Japanese persimmon. 



Metalaxyl in head brasssicas 2021 JMPR

Trials conducted in Europe according to Spanish GAP (broccoli and
cauliflower)

Broccoli: <0.01, 0.01, 0.09 and 0.11 mg/kg, (median of 0.05 mg/kg)
Cauliflower <0.01, 0.02, 0.03 and 0.04 mg/kg (median of 0.025)
Medians within the 5-fold range, similar residue population: <0.01 (2), 0.01,

0.02, 0.03, 0.04, 0.09 and 0.11 mg/kg.
The Meeting estimated a maximum residue level of 0.2 mg/kg for metalaxyl in

flowerhead brassicas.
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PROCESSED FOOD
� Processing factor (PF)

§ PF = residues in the processed commodity
Residue in the raw commodity (RAC)

§ Residues in the RAC shoud be > LOQ
� MRL recommendation – when PF  > 1

§ Ex.: raising, tomato past
§ MRLRAC x PF = MRLproc

� STMR-P 
§ STMRRAC x PF = STMR-P

� HR -P
§ HRRAC x PF = HR-P

Dietary intake

� Cleaning and peeling
� Cooking
� Juicing
� Brewing and vinification
� Canning
� Milling and baking
� Oil production
� Drying



Different processing 
steps and different 
studies with the 
same process may 
give different 
processing factors

Pesticide RAC Processed 
commodity

Processing factors Median or 
best estimate

Pirimicarb Tomato Juice 0.50, 0.62, 0.70, 0.86, 1.54 0.70
Pirimicarb Tomato Puree 0.62, 0.64, 1.49, 2.19, 2.33 1.49
Bifenazate Grape Raisin 0.36, 3.2 3.2
Thiamethoxam Coffee bean Roasted coffee <0.14 (2), <0.17, <0.20 (3), 

<0.25 (3), <0.33 (2), <0.50
<0.14
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Pesticide XXX in grape
STMR = 0.30 mg/kg
MRL = 3 mg/kg

Raising Juice Wine
PF 2.6 0.007 0.06

STMR-P 2.6  x 0.30 = 
0.76 mg/kg

0.007 x 0.30= 
0.002 mg/kg

0.06 x 0.30=
0.02 mg/kg

MRL 2.6  x 3 =  7.6 mg/kg
8 mg/kg

- -



Feeding studies

Resíduos in feed-
median, highest

OECD feed 
table

STMR, HR and MRL
Dietary burden

Residues in animal 
commodities

Animal commodities



RESIDUES IN FEED

CROP Flonicamid residues (mg/kg)
HR STMR or STMR-P

Raw agricultural commodities (RACs)
Cabbage heads 1.262 0.134
Kale leaves 8.31 4.59
Wheat forage 0.99 0.86
Wheat straw 0.23 0.045
Wheat grain - 0.01
Potato culls 0.015 0.01
Cotton undelinted seed - 0.065

Processed commodities
Cotton hulls - 0.13
Cotton meal - 0.14
Rape meal - 0.004



Dietary burden livestock animals (OECD 
feed calculator)

CAN-US EU AU JP
Max Beef 0.27 17.6 27.7A 0.005

Dairy 0.12 11.2 22.2C 0.003
Broiler 0.03 0.008 0.02 -
Layer - 2.8E - -

Mean Beef 0.13 10.1 15.3B 0.005
Dairy 0.12 6.2 12.2D 0.003
Broiler 0.03 0.008 0.03
Layer - 1.5F - -

A Suitable for MRL estimates for mammalian meat, fat and edible offal.
B. Suitable for STMR estimates for mammalian meat, edible offal.
C. Suitable for MRL estimates for milks.
D. Suitable for STMR estimates for milks.
E  Suitable for MRL estimates for eggs, meat, fat and edible offal of poultry.
F  Suitable for STMR estimates for eggs, meat, fat and edible offal of poultry.



DAIRY CATTLE FEEDING STUDY

Residues in tissues (mg/kg)
Dose Levels 
(mg/kg feed)

Liver Kidney Muscle Fat

2.5 <0.025
(<0.025, <0.025, 
<0.025)

<0.025
(<0.025, <0.025, 
<0.025)

<0.025
(<0.025, <0.025, <0.025)

<0.01
(<0.01, <0.01, <0.01)

6.89 0.039
(0.042, 0.040, 0.034)

0.031
(0.027, 0.034, 0.032)

0.027
(<0.025, 0.027, 0.030)

<0.01
(<0.01, <0.01, <0.01)

23.69 0.113
(0.124, 0.124, 0.091)

0.105 
(0.124, 0.092, 0.099)

0.057
(0.010, 0.088, 0.072)

0.015
(0.021, 0.013, 0.011)



INTEGRATION OF DIETARY BURDEN AND 
DAIRY CATTLE FEEDING STUDY

Feed level 
(ppm) for 

milk 
residues

Total flonicamid
and TFNA-AM 

residues in milk 
(mg/kg)

Feed level for 
tissue residues 

(ppm)

Flonicamid and TFNA-AM Residues (mg/kg)
Muscle Liver Kidney Fat

Maximum residue level - beef or dairy cattle
Feeding Study 6.89

23.69
0.03
0.11

6.89
23.69

0.06
0.11

0.07
0.15

0.06
0.15

<0.02
0.03

Dietary burden 
and residue 
estimate 22.2 0.10 27.7 0.12 0.17 0.17 0.03

STMR – beef or dairy cattle
Feeding Study 6.89

23.69
0.03
0.10

6.89
23.69

0.05
0.08

0.06
0.14

0.06
0.13

0.02
0.02

Dietary burden 
and residue 
estimate 12.2 0.05 15.3 0.06 0.10 0.10 0.02



QUESTIONS?


