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EXECUTIVE SUMMARY 

Lincoln Agritech Limited (LAL) has conducted a review of technologies available for establishing a Pesticide Spray 
Drift Monitoring Programme for the Marlborough District Council (MDC). This document presents an overview of 
those technologies and suggestions for future research that could develop a viable solution. At present, the only 
systems scientifically validated by peer-reviewed literature for long-term spray drift monitoring, as required by the 
MDC Air Quality Plan, are high-volume air samplers. Recommended hardware systems and operating procedures 
are presented and discussed.   
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1. REVIEW OF PREVIOUS STUDIES 

A previous Envirolink Project (Post, 2017) reviewed previous pesticide air sampling programmes around the world, 

and recommended the long-term monitoring by California Department of Pesticide Regulation (CA DPR 2011, 2017) 

as the model for a system to be established in New Zealand. Such as system would use a high-volume sampler to 

pull air through a combination of filter paper and either foam or resin that could trap pesticides in all three phases of 

matter (solid, liquid, gas). The absorbed pesticides could be extracted from the absorbing materials following a 

standard test procedure (EPA Method TO-4). The concentrations of the pesticides in the air can then be calculated, 

knowing the air flow rate in the sampler and the sampling duration. The measured concentrations can be compared 

to human health thresholds for either chronic or acute exposure.  

California provides a good model for Marlborough, with a similar “urban-agriculture edge” problem, with 1 million ha 

of agricultural land within half a kilometre of urbanised areas (Gunier, 2017). One key difference though is the size 

of the farms, which are typically much larger in California than they are in Blenheim. California also has a thorough 

Pesticide Use Report (PUR) system, in place for more than 25 years. It requires applicators to supply the following 

information for all agricultural pesticides applied in the state: active ingredient applied, amount applied, formulation, 

application method, crop treated, acres treated, and location of the application.  

The pesticide Air Monitoring Network in California is designed to measure sub-chronic and chronic exposures, rather 

than acute exposures. One 24-hour sample is collected each week at each monitoring location. Sampling start dates 

were randomly selected each week to produce variation in the sampling day while sampling start times ranged 

between 9:00 a.m. to 2:00 p.m. One further challenge is that there are not established health standards for pesticide 

concentrations in ambient air. Therefore, DPR estimates the potential for adverse health effects by comparing the 

measured air concentrations of a pesticide to its health screening levels or regulatory targets for 1- or 3-day 

(depending on the pesticide), exposure periods, by estimating the volume of air inhaled by an average bystander 

during the time period to calculate a total exposure dose.  

Some of the key criteria for selecting a site for air monitoring recommended by DPR are: unobstructed air flow, 

access to electrical outlets, security fence, away from combustion sources. Preferred monitoring sites include schools 

located on the edge of community and adjacent to agricultural fields. They also recommend monitoring 

meteorological conditions at spray drift sampling sites and obtaining pesticide use information within a 5 mile (8 km) 

distance of the monitored community. 

While producing accurate results using validated protocols, the main limitation of such an approach is the cost. There 

is the initial cost of purchasing the high-volume air sampler (at least $6,000 + shipping, based on vendor quotes), 

plus the on-going cost of the pesticide extraction and chemical analysis (at least $350 per sample). To reduce costs, 

when looking only for chronic exposure, the sampling frequency could be as low as once per week, based on the 

statistical analysis done by the California DPR (personal communication).  

The objective of this project is to provide recommendations to the Marlborough District Council on scientifically proven 

accurate methods and collection procedures to measure the concentrations of pesticides in the air, in order to 

determine if they pose a significant risk to humans.  

1.1 Updated Literature Review since Last Envirolink Report (2017) 

1.1.1 California DPR Reports 

The most recent year for which data is available is 2018 (CA DPR, 2019). Of the 12,058 analyses conducted, 93.8% 

did not return a detectable concentration, 6.2% of the analyses returned a detectable (trace or quantifiable) 

concentration, while 1.3% of all analyses had quantifiable concentrations. Number of analyses = Number of samples 

multiplied by number of chemicals analysed in each sample. The air samples were analysed for 31 pesticides and 5 

pesticide breakdown products. A summary explanation of the California monitoring program is available at: 

https://www.cdpr.ca.gov/docs/emon/airinit/airmenu.htm  

https://www.cdpr.ca.gov/docs/emon/airinit/airmenu.htm
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1.1.2 Buffer Zones in California 

California rule DPR 16-004 “Pesticide Use Near School sites”, took effect on 1 Jan. 2018. This prohibits “high risk” 

applications, including aircraft and air blast sprayers, from being made within 400 m of a school from 6 am to 6 pm 

on days school is in session. For low-risk applications, such as by ground boom pasture sprayers, the no-spray buffer 

zone distance is 7.6 m. As noted by Gunier et al. (2017) this regulation “addresses potential acute (short-term) 

pesticide exposures to children with the intent of providing an extra margin of safety for pesticide drift.” A summary 

of this regulation is available at:  

https://www.cdpr.ca.gov/docs/enforce/school_notify/regulation_presentation.pdf 

1.1.3 Buffer Zones in France 

New regulations taking effect on 1 July 2020 recommends a 10 m no-spray buffer zone between vineyards and 

schools. Regional councils have leeway to adjust the distance to adapt to local concerns, but the buffer should be 

no less than 3 m for vineyards. For vineyards close to vulnerable places like schools, protection measures should be 

used, such as hedges, low-drift equipment, and time application to avoid school times. Again, regional councils have 

leeway to adjust these rules. Information about this regulation (in French) is available at: 

https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000039686039&categorieLien=id  

1.1.4 Other Scientific Publications 

Elemental sulphur applications are – by applied amount and number of applications – an important pesticide to 

protect NZ grape vine crops against fungal diseases. To date the only published examining effects of sulphur 

pesticides on health is that of Raanan et al. (2017). They looked at children 7 years old, making use of the California 

PUR data, which provides a unique resource for evaluating associations between agricultural pesticide use and 

human health outcomes. They note, “Elemental sulfur is allowed for use on conventional and organic crops to control 

fungus and other pests and is very important to both systems. It is the most heavily used agricultural pesticide in 

California and Europe. Sulfur is widely used because it is effective and low in toxicity to people. It is naturally present 

in our food and soil and is part of normal human biochemistry, but breathing in sulfur dust can irritate airways and 

cause coughing”. 

Adverse association with respiratory outcomes (asthma medication usage and respiratory symptoms) were found for 

sulphur application within 0.5 and 1.0 km of home residence. They did not find a correlation for larger distance, likely 

because sulphur is typically applied as a dust or colloidal spray liquid from wettable powder and the distance it can 

transport in the atmosphere is limited. Their findings were indicative of an acute effect for sulphur application within 

the previous week. Wind direction data was also accounted for in the study. For the 1 km zone, the 50 th percentile 

wind-weighted sulphur use was 8.9 kg/year. They recommended future analysis to look at sulphur applications near 

schools. No literature has looked specifically at the relationship between agricultural application and personal 

exposure for sulphur.  

A study was conducted in 2018, which measured sulphur and copper depositions on furniture in 34 homes and 

schools in the Waipara valley wine growing region. (Vannier et al., 2020)  

The most recent relevant published study of spray drift in air was by Lopez et al. (2018). They note because of the 

typical low concentrations of pesticides in air, high volume samplers 13-30 m3/hr = 216-500 LPM, are normally used. 

Their sampling cartridges were 10 cm long and 2.5 cm in diameter. They sampled for 1-week durations.  

Most of the published pesticide air sampling studies sample for a range of volatile organic compounds used in 

agriculture. Pesticides in the vapour phase will disperse through the atmosphere differently than those in the 

particulate phase.  

https://www.cdpr.ca.gov/docs/enforce/school_notify/regulation_presentation.pdf
https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000039686039&categorieLien=id
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2. LOCATION SITING STUDY 

 

2.1 School Visits 

On 18 Feb. 2020, visits were made to five primary schools, as shown in Fig 1. (Figures 2-7 created by Sarah Brand, 

MDC). Based on the criteria developed by CA DPR, Fairhall School is the most highly recommended location, as 

there will be electrical power available from a new building being constructed in the middle of the school grounds, so 

the air sampler can be placed a sufficient distance away from trees, buildings, and other obstructions. There is also 

very close proximity to surrounding vineyards, so this would likely represent a worst case scenario of highest potential 

bystander exposure to pesticides.  

 

 

Figure 1: Locations of schools visited to examine potential locations to place a pesticide air sampler.  
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Figure 2: Grovetown school.  

 

Figure 3: Renwick school.  
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Figure 4: Sports grounds as a potential location for pesticides in air monitoring.  

 

Figure 5: Rapaura school.  



© Lincoln Agritech Ltd 

 

Envirolink Report for Marlborough District Council / Spray Drift Monitoring Systems 

Report # 6031-37-R1, 17 June 2020 / 9 

 

 

Figure 6: Riverlands school.  

 

 

Figure 7: Fairhall school.  
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Comments and questions arising from discussions with school principals: 

 Addition of a weather station with the monitor. 

 Areas not close to a power source are a problem. Analysis of the power requirements for an air sampler 

(over 1 kW for the air pump) render solar panels not a viable option, so the sampler needs to be attached 

near a mains power source. The power connection may need to be buried to prevent a tripping hazard to 

students.  

 Requirement to check with Ministry of Education re siting a monitor on the school land. 

 Question from the Principals: “If we do find something how is this going to be handled?” A Communication 

plan will need to be agreed upon by the school(s) and Council and consultation with the adjoining vineyard 

owners should be undertaken. 

 Explore educational opportunities for the study – paper material, on-site measurements, real-time monitoring 

output that the kids can view and download copies of the data. Explore funding options for this / assistance 

with this (e.g. Unlocking Curious Minds” “EnviroSchools”) 

 

2.2 Wind Direction Analysis 

Figure 8 shows locations of weather stations closest to the school sites being evaluated. After initial analysis of the 

data, the Farihall data was deemed not reliable, and so only Renwick and Rapaura weather stations were used.  

 

Figure 8: Locations of meteorological weather stations. 

Given that some of the school grounds are quite small, it is important that the air monitor not be placed in the primary 

downwind wake of a building, in order to ensure accurate sampling. Figures 9 and 10 show the measured wind 

speeds and directions during the spraying season. On each wind speed box plot, the central mark ‘I’ indicates the 

median, and the left and right edges of the box indicate the 25th and 75th percentiles, respectively. The whiskers 
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extend to the most extreme data points not considered outliers, and the outliers are plotted individually using 

the '+' symbol.  

 

 

Figure 9: Renwick weather station measured wind data.  
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Figure 10: Rapaura weather station measured wind data.  

 

Additional meteorological data is available in the thesis by Stu Powell, available online at:  

https://ir.canterbury.ac.nz/handle/10092/9646 

For any further use of this data in publications it is requested that “Climate Consulting Ltd.: is acknowledged. More 

recent data may be obtained from James Morrison at James@weatherstation.net.nz.  

A data archive has been provided to MDC that includes data from the Farihall station from 2006-2012, and data for 

the Rapaura and Renwick stations from 2010-2012. 

 

 

mailto:James@weatherstation.net.nz
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3. EQUIPMENT AND PROCEDURE 
RECOMMENDATIONS 

3.1 Potential Modification of PM10 Sampler 

In order to reduce capital expenditure costs, which would allow more funds to be spent on testing; it was requested 

to examine the possibility of modifying a retired PM10 sampler owned by the council for pesticide sampling. Figure 

11 shows the retired PM10 sampler manufactured by Tisch, and the space where an absorbent cartridge could be 

placed.  

  

Figure 11: (a) retired PM10 sampler and    (b) space beneath particulate filter paper holder  

The current model of PM10 sampler from Tisch has an air flowrate (36-44 CFM = 1020-1245 LPM) that is twice the 

maximum typically used in pesticide sampling (30 m3/hr = 500 LPM). Note that different publications and 

manufacturers will give the air flow rates in different units, such as LPM, CFM, or cubic meters per hour. The chamber 

below the particulates filter was measured as 120 mm deep, which will be long enough to hold an absorbent PUF or 

XAD filter cartridge. The standard PM10 filter was measured at 225 mm by 178 mm. These filters could be retained 

for capturing pesticides in the solid or particulate phase of matter (e.g. elemental sulphur or colloidal copper). There 

was also an older Anderson PM10 sampler that could be used for this project, which appeared to have a variable 

frequency drive for the air pump.  

Modifications that would need to be made to the PM10 sampler for pesticide sampling include: 

 Removing or modifying the current air inlet, this is designed to remove any particulates larger than 10 µm 

diameter before going to the filter collector. Most pesticide spray drift is in droplets in the size range of 10-

100 m, and so we need to ensure that these particles are being collected 

 Building a sample holder that will fit into the space below the particulate filter, which ensures all of the 

incoming air goes through the absorbent material with no leaks. This sample holder needs to allow for easy 

removal by MDC staff of the filter cartridges.  
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 Reducing the air flow rate to the range appropriate for pesticide sampling. This may be as simple as 

programming the controller for a lower rate. A separate calibration measurement of the air flow rate will need 

to be performed on a scheduled basis to ensure the correct flow rate is achieved.  

 Lear Siegler recommends buying a new, dedicated pesticide sampler. They advise, “the HiVol will run down 

at 20 m3/hr, but the flow control is a little noisy at that low flow rate. It should be OK though, provided they 

use similar Filters to the normal HiVol Filters. If you want to add something like a PUF Cartridge, you will run 

into problems.” A PUF cartridge will be required to capture volatile pesticides in the vapour phase, as well 

as any pesticide that vaporize from droplets caught on the particulate filter. In order to ensure that an accurate 

flow rate is maintained, it is recommended to run the HiVol sampler with only the particulate filter without a 

PUF cartridge.  

3.2 Simplified Chemical Analysis 

In addition to the high cost per sample (~$350) to have Hills Labs perform the chemical analysis there was also going 

to be a substantial set up cost, as this would be a new procedure for them. Envirolab in Australia was also contacted, 

but they were going to be even more expensive. Sally Gaw, a chemistry professor at the University of Canterbury, 

did not think they would be any cheaper for fully organic chemistry analysis, but if we were only looking for certain 

metals seen in selected compounds then they could provide a cheaper option. 

Clemence Vannier said for her project (Vannier et al., 2020) using wipes of indoor furniture, looking for only elemental 

copper and sulphur, cost for analysis from Hill Labs was only ~$10 per sample. There will likely be additional costs 

as extraction of filters with solvent will also need to be performed. A particulate pre-filter and foam absorbent filter 

could be extracted in the same solvent bath simultaneously to save time.  

The advantages if using sulphur as a representative chemical to sample are the cost savings, and the fact that 

sulphur is the most widely used fungicide for vineyards and is sprayed often throughout the growing season. The 

disadvantages of using sulphur is that it is not volatile, and so measured air concentrations may underestimate that 

of other compounds that can volatilise off of plants and the ground after depositing. Also there are no established 

safety thresholds for sulphur, either in terms of air concentrations or intake for human exposure. Further, given that 

sulphur is non-volatile compound, it may reduce the need to place the filter media in cold dark storage prior to lab 

analysis, as compared to organic molecules.  

Hill Laboratories advises that they can measure sulfur using acid digestion followed by ICP-MS, which would have a 

detection limit of 500 micrograms per sample. For a sampler running at 30 m3/hr for 24 hours, this corresponds to a 

minimum measured air concentration of 700 ng/m3 of sulfur. The only previously published result of agricultural sulfur 

air concentration is from the Parlier study in California, which reported a maximum sulfur measurement of 1800 ng/m3 

(Wofford et al., 2009). Hill Laboratories quotes a cost of $53.71 for analysis of a filter 50 mm or smaller, with a setup 

charge of $34.25 for each batch of samples. To minimise costs samples could be collected over a week or two and 

sent in a batch to Hill. The cost would be higher for a larger filter.  

3.3 Protocol for Spray Drift Study 

Most published scientific studies of spray drift follow the ISO 22866 methodology for measurement of spray drift in 

the field. This standard is for measuring deposition on the ground downwind of a spray application. This produces 

measurements of ground deposition, not airborne pesticide loading. While this type of study does give some indirect 

indication of bystander spray drift risk exposure as a function of distance, it is not a direct measure of airborne 

concentration or bystander exposure.  

Most studies of bystander exposure to pesticide drift focus on dermal exposure rather than inhalation, as surface 

exposures are easier to measure than air concentrations, and in many spraying scenarios it is believed that higher 

dosages are received through dermal exposure rather than inhalation, as in the EFSA guidance document (EFSA, 

2014), but this is based on modelling rather than measurements.  

The primary question to be answered by such as study is: how far do pesticides travel in the air, under Marlborough 

conditions? 
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The most relevant study to use as a model for a dedicated study of typical pesticide concentrations in air as a function 

of downwind distance is Holland et al. (1997). They used a mobile air sampler mounted on a trailer with a retractable 

mass, to measure pesticide concentrations in the air at different distances downwind of the spray application in a 

kiwifruit orchard. The sampler was mounted 2 m above ground level. Wind speed and direction, temperature, and 

humidity were also measured at the sampler location. The absorbing media was a disk 47 mm diameter and 10 mm 

thick, and air suction rates of 22 and 140 LPM were used. Sampling times ranged to 10 minutes to 1 hour. They 

found the air flow rate did not affect their measured concentrations. Air concentrations were detected up to half an 

hour after spraying ceased.  

To repeat this type of measurement system would require a petrol generator to power the ~1 kW air pump and 

electronics. A cooperating vineyard would need to be found at which to perform the experiment, ideally with an open 

paddock available on the downwind side of the last row. NZ Wine Growers might assist with finding a suitable location. 

Further recommendations for such a study include:  

 Measure for the same sprayer at same application settings, for (a) no shelterbelt (b) with shelterbelt at the 

property boundary, to determine the efficacy of a shelterbelt in shielding bystanders from spray drift. Either 

or both of natural and artificial shelterbelts could be considered.  

 Measure for different application equipment. We could invite sprayer manufacturers to demonstrate their 

best equipment. 
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4. POST STUDY CONSIDERATIONS 

4.1 Mitigation Options for Adverse Pesticide Exposures 

One question that arose from discussions with primary school principals is what could be done if elevated 

concentrations of pesticides in the air were measured at their sites. Such mitigation measures could include buffer 

zones; natural or artificial shelterbelts, and equipment upgrades for sprayer operators.  

Recent changes to no-spray buffer zones in France and California were reviewed in Section 1.1. Pivato et al. (2015) 

show that improved equipment (tunnel & recycling sprayers) can reduce spray drift from vineyards by up to 70%. 

Otto et al. (2015) found hedgerows reduced drift from 85% (sparse hedges) to 92% (thick hedges). Use of low drift 

spray application equipment reduced drift 38%. Connell et al. (2018) measured deposition on vertically mounted 

strings up to 15 m high for spraying in a kiwifruit orchard. They showed that a shelterbelt reduced downwind drift by 

81-97%.  

4.2 Options for Further Funding 

Given the limited available budget to council to conduct an air monitoring programme for pesticides, options for future 

funding were explored that would allow the programme to expand to test more than one site.  

The two primary funding mechanisms available for large research projects are MBIE and the Health Research 

Council (HRC). 

MBIE Research Programmes (Endeavour Fund) are for projects of 3-5 years for a minimum of $500,000 per year. 

Applications are typically due in early March. Programmes submitted under the Environmental Objective seek to 

achieve one or more of the following:  

 Better environmental management, regulation, conservation or restoration activity. 

 Better environmental quality or reduced risks to the environment, or less pollution. 

 New technique for environmental management, conservation or restoration. 

MBIE funds projects whose primary objective is not human health. An example of a relevant previously funded 

programme is: Protecting NZ’s Environment from Spray Drift (LVL0901). 

The Health Research Council of New Zealand funds research with the primary objective of health outcomes, unlike 

the Endeavour Fund. They offer funding of up to $1.2 million for research projects that have the potential to vastly 

improve our health system and the health of New Zealanders. Projects can cover a diverse range of areas, from 

biomedical and public health to clinical studies and Māori-focused research. Most projects have a term of three years, 

but we can negotiate terms of up to five years. 

An example of a relevant previously funded project by HRC is this programme analysing links between pesticides 

and neurology effects in children: 

https://www.hrc.govt.nz/resources/research-repository/pesticide-exposure-and-neuropsychological-effects-children 

Models for potential proposed research in New Zealand include the recently published study in California looking at 

correlations of sulphur pesticide use and respiratory symptoms in children. This also made use of the long-running 

Center for the Health Assessment of Mothers and Children of Salinas (CHAMACOS) Study, which tracks the children 

of agricultural workers in California.  

A review of this work recommends: 

“Our analysis shows that it could be useful to pair biomonitoring with environmental sampling in future studies as 

they are complementary approaches. Biological and environmental media are influenced differently by external 

factors and they reflect different exposure windows, with dust and hair samples representing a cumulative time 

window representing weeks or months, while air and urine often represent exposure in the hours to days prior to 

sample collection - Such a combined sampling design is particularly appropriate for the measurement of pesticides 

in air or urine which are rapidly eliminated from the human body or from the environment and which experience large 

intra-day variability. Future research with repeated combined biological and environmental measurements may 

https://www.hrc.govt.nz/resources/research-repository/pesticide-exposure-and-neuropsychological-effects-children
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increase investigators’ capability to show associations and trends in pesticide exposure of residents living close to 

agricultural land.” (Dereumeaux et al. 2020). 

The planned air monitoring programme by MDC provides a unique opportunity to couple measurements of pesticide 

use and bystander respiratory health symptoms with direct measurements of pesticide concentrations in air, which 

could be the basis of scientific funding proposal to expand the testing programme.  
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