Health and Safety Risks in Hop-Picking Activities: An Analysis of the State of the Art
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Abstract. In the last decade, hop cultivation has seen greater interest in small and medium-sized farms due to the rising importance of craft beer micro-breweries requiring local raw materials. However, high investments are needed for mechanized harvesters. Small-scale farms cannot face these costs; thus, manual harvesting of hop cones is frequently adopted. The study investigated the risks for the health and safety of operators during manual and mechanized harvesting, also examining musculoskeletal disorders the workers can incur. A literature review and secondary data analysis investigated risk factors associated with the manual and mechanized harvesting process. Furthermore, the operator’s workload related to the hop cones picking time was analyzed based on international standards. The results showed that operators face several critical issues during the different tasks of the manual harvesting of hops. Some of the operations are carried out at height with the risk of falling and assuming bad postures that can pose risks to the operator’s health. Furthermore, the study points out major health concerns for the workers because of the repetitiveness of the operations they have to carry out. The mechanization of harvesting involves a significant increase in efficiency by reducing the number of operators involved. This results in an improvement in operators’ health conditions. However, the harvesting equipment can represent a safety risk for the operators because of their interaction with the moving parts of the machinery.

Keywords: Hop, Mechanized harvesting, Manual picking, Musculoskeletal disorders, Occupational safety
1 Introduction
In the last two decades, the beer industry has experienced substantial market worldwide growth, recording +36% [1] globally in beer productions. This trend caused major requests in hop production and consequently incremented cultivated areas, especially in Centre-East Europe and the US, where hop cultivation is historically grounded. The Italian brewing industry is recording significant growth (+39%) due to a new trend in the brewing compartment: the craft beer industry [2]. By its legal definition, in Italy, craft beer is produced by small breweries, or microbreweries, able to produce volumes not exceeding 200.000 hectoliters per year. National craft brewing is still being addicted to imported hop: only 1.2% of hop implemented in the Italian brew industry is local, corresponding to about 41 ha of cultivated areas, mainly distributed in the north (ISTAT 2019). In regions where hop cultivation is not traditionally implemented, small-scale farms are commonly the first to tempt new cultivations. For example, the hop cultivated area for each farm in Italy amounts to around 0, 4 ha [3]. However, small-scale cultivation does not allow to justify investments to realize mechanized systems all along with the growing and harvesting cycles. Therefore, small-scale farms usually cope manually with almost the entire production cycle, especially harvest operations.

Hop harvesting time is the most intense of the entire production cycle. A proper harvest has a positive impact on the quality of the final product [4]. Hop cones must be collected, cleaned from the vegetal residue, and dried as fast as possible to ensure high-quality and sanitary standards [5]. Manual hop-picking operations require long times, repetitive gestures, and assuming awkward postures that can expose workers to health risks, especially upper limbs overload.

Different previous studies showed that the agricultural sector causes many health threats due to ergonomic and accidental risks [6-8]. The present study investigates the risks for the health and safety of operators during manual harvesting, examining the possible risks of work-related musculoskeletal disorders (WMSDs) due to static postures, low loads at high frequencies related to manual harvesting of hop florescence, comparing them to the possible health and safety risks related to the worker-machine interaction (hop-picking machines, specifically) in mechanized harvesting. International standards most suitable for risk assessment in hop-picking activities were also identified. The study intends to fill the gap in the literature around this theme, defining state-of-the-art occupational risks in hop-picking activities and putting the ground for future research, with the final aim to identify areas for possible interventions in terms of machinery re-design and training to promote operators’ health and safety.
2 Methods
The study was articulated in three parts. The first step consisted of reviewing the literature about each hop harvest method, comparing manual and mechanized operations. Literature about manual and mechanized hop-picking solutions has been revised through a targeted search on scientific journals databases, such as Science Direct, Scopus, and Web of Science. A keyword-based search was used to identify articles, using the following keywords: hop harvest* OR hop-picking AND manual activit* OR manual operation* OR mechanized OR machine*. Specialized magazines and corporate websites were consulted as well. In the second step, an analysis of potential safety risks during all harvesting processes was made to highlight the critical issues. After-wards, literature on risk assessment and prevention of work-related health and safety risks was reviewed, especially regarding static and awkward postures, low loads manual handling, and repetitive operations. Eventually, because there is no specific literature on the health risks related to hop harvest, an analysis of existing international standards assessing biomechanical overload and risks in human–machine interaction was performed.
3 Results
3.1 Hop Harvesting Methods
The Hop harvesting period corresponds with the inflorescence ripening, when a rich complex of resins and essential oils accumulate inside flower glands. As shown in studies, both in central Europe [4] and North America [9], ripening is gradual and generally begins in late July and ends in early September. In these regions, mature cones are collected from mid-August to September. Accurate harvest timing is crucial to get a high-quality product since it significantly influences the final aroma [4].

Hop harvest can be realized through different solutions, partly depending on the territorial context:

1. Infield manual picking of hop cones. The inflorescences are directly collected from bines by workers through ladders or trailers with elevators [10].

2. Bines cutting and loading on trailers, and cones picking is carried out later by operators. Bines cutting can be arranged manually (Fig. 1) or through specific cutting mechanized systems [11].

3. Cutting and loading mechanized of the bines, transport in shed and load in the hop-picking machines [12].

Manual hop harvesting is the low-tech solution; it consists of manual cutting of bines and manual picking of cones, directly in the field or operating out of the field, from previously harvested bines. The bines manual harvest involves cutting the stem below and then above using shears or sickles, implying elevators and adopting, in some conditions, awkward postures. The time–frequency of such postures depends on the number of workers and harvested area. The hop picking consists of manually collecting cones, thus it can be operated directly in the field through ladders or elevators or collected out of the field, from harvested bines.

The mechanized hop harvesting consists firstly of a bine cutter to collect the stems loaded on a trailer and secondly in a hop picker. There are many types of bine cutter and loader; most of them are devices adjustable into the tractor via the Power Take-Off (PTO) [13]. The hop picking machine sepa-rates hop cones from the stem and the cleaning process to eliminate residues. Its primary energy source is electricity, and typically is located in a shed area. The machine size, the workload and the number of workers depend on the number of bines to process, hence by the harvested area and the hop variety [14].

3.2 Critical Issues in the Hop Harvest
Manual harvesting solutions are associated with some critical issues that could pose health risks: hop cones collection implies working at height, through the use of ladders or elevators, assuming static and dynamic postures by the bines cutting and loading efforts, and operating at high time frequencies for an extended period, due to the amount of handwork [15].

On the other hand, mechanized hop collecting provides more harvest efficiency and reduces manual efforts and their negative consequences for the operator. Nonetheless, human–machine interaction could cause many safety risks if the safety provisions are not assured or observed [16].

Furthermore, few studies have been published on occupational diseases during hop harvest and processing because of hop dust contact or inhalation [17, 18]. Reeb-Whitaker and Bonauto [18] reported that respiratory work diseases in hop cultivation are 30 times greater than the rate of respiratory illnesses diagnosed in open field vegetable crop farms. Principal diagnoses associated with exposure to hop dust are asthma and other respiratory disorders related to bronchial allergy, mainly observed in harvest activities and post-harvest processing.
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Fig. 1. Hop harvest activities in northern Italy: manual bines cutting and loading into a trailer.

3.3 Assessment and Prevention of Work-Related Health and Safety Risks
International standardization bodies have substantially contributed to promoting work related health by providing standards to control and prevent potential MSDs. Specifically, for the risk assessment related to inadequate static postures adopted throughout the harvest activities, we can refer to the ISO 11226: 2019 “Evaluation of Static Working Postures” [19], which defines as a static posture any posture that holds the position for at least 4 s, considering minor variations. This international standard establishes the limits for static working postures, examining externally applied force, body angles and time [20]. It gives recommendations concerning work modalities that guarantee sufficient physical and mental variations. The valuation procedure is used to determine the acceptability of work postures, considering body segments and joints in one or two control tiers. Tier one considers only body angles, analyzing risks due to ligaments, cartilages and intervertebral discs. The evaluation can lead to an acceptable, unrecommended activity. The assessment continues to tier two, where different variables should be considered, such as the holding time of specific body angles.

The ISO 11228-3:2009 “Handling of low loads at high frequency” [21] is another standard that could be suitable to assess the risks associated with specific activities related to manual and mechanical harvesting. It belongs to the ISO 11228 series, which also deals with lifting and transport operations and pushing and pulling of loads. ISO 11228-3:2009 includes a risk assessment concerning handling low loads in repetitive tasks, leading to biomechanical overload pathologies involving the osteoarticular, musculotendinous, and nerve-vascular structures. In addition, the upper limbs stress can cause pain and fatigue, leading to musculoskeletal disorders, reduced productivity, and deteriorated postures and movement coordination. The risk assessment procedure consists of hazard identification, which accounts for frequent repetitive movements, complex postures and combined movements, use of force, duration and insufficient recovery, vibration and impact forces, environmental conditions as the presence of noise or non-optimal climate. Each potential risk factor is evaluated by a checklist, which allows for the classification of the risk by the three-zone model (“no risk”, “very low risk” and “risk”) and determines the consequences to be acted upon. Additionally, the standard provides the Occupational repetitive action index (OCRA) as a method for detailed risk assessment, the result of the ratio between the number of technical actions and the number of reference technical actions for each upper limb. OCRA index was designed to imply various risk factors: body postures, handhold modalities, action duration, work organization, task complexity, recovery duration, applied force, upper limb and whole-body postures [22].
Concerning working at height risks and prevention, the case was studied from the standard operating procedure, which has referenced to ISO 45001:2018 “Occupational health and safety management systems-Requirements with guidance for use” (clause 8.1) [23]. The document's purpose is to define controls for protection from identified hazards to any modality of working at heights. Working at heights includes all the work activities for which the measure from the soles of worker’s feet to the ground is over 2 m, which can be associated with severe injuries in case of falling. Therefore, in assessing the risks, the design and layout of elevated work areas should be considered, as well as the distance of potential falls, the proximity of people to unsafe areas, climate conditions, adequacy of operators training, suitability of proper work clothes and personal protective equipment (PPE).
Regarding the risk stems from human–machine interaction, the international standard ISO 12100:2010 “Safety of machinery—General principles for design—Risk assessment and risk reduction” [24] recommends a method to ensure safety for machine operators, specifying a risk assessment and risk reduction addressing to producers and users. Risk assessment is a series of logical steps that determine the machinery identification limits, consisting of all the machinery life phases, through hazard identification, risk estimation, and risk evaluation. Hazard identification corresponds to the systematic identification of reasonably foreseeable hazards, hazardous situations and hazardous events during all phases of machine use. The risk estimation shall be carried out for each hazardous situation by determining the number of elements of risk such as the severity of harm, hazard exposure, the occurrence of a dangerous event, the number of persons exposed, frequencies and duration of exposure, the relationship between exposure and possible harm and the technical and human possibilities to avoid or limit the harm. Furthermore, a risk evaluation determines if risk reduction measures are required. Consequently, risk reduction can be achieved by eliminating hazards or by reducing the severity of harm from the hazard and the probability of that harm.
Where some risks remain despite safe design measures, residual risks shall be identified by providing specific information to the users through the safety guidelines provided by the machine producer. As an example, into the operation and maintenance manual of the most common hop-picking machine “Wolf WHE 500” in the section “General Safety-Accident Prevention” several safety signs and instructions are provided, also attaching a technical drawing of workspaces (Fig. 2) around the picking
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Fig. 2. Technical drawing of safety areas to observe around the hop-picking machine (Operation and Maintenance Manual of WHE 500). https://www.wolf-geisenfeld.de/en/harvesting-technology/whe-picking-machine
machine that points out the danger zones and where to install protective fences. The principal risks reported and highlighted by safety signs are gear entanglement, crushing hazard (due to suspended loads) and slipping and stumbling in the shed environment. Entering is allowed only with PPE as helmets, glasses, ear protectors, gloves, safety clothes etc.
Table 1 shows the health and safety risks and standard references for risk assessment for both manual and mechanical hop harvesting activities.

Table. 1. Summary table of health and safety risks in different hop-picking modalities and standards referred to for risk assessment.
	Harvest method
	Factor
	Risk
	Reference

	Manual hop picking
	Working at height
	Falls from ladder or elevator
	ISO 45001:2018

	
	
	
	SOP for Working on Height Hazards

	
	Repetitiveness
	Biomechanical
overload
	ISO 11228-3 2009: “Handling of low
loads at high frequency”

	
	
	
	The OCRA index

	
	Awkward
postures
	Pain, fatigue
and MSDs
	ISO 11226: 2019 “Evaluation of Static
Working Postures”

	
	
	
	LUBA-OWAS index: posture-related
load and handling

	Mechanized
hop picking
	Human–
machine
interaction
	Gear
entanglement
	ISO 12100:2010 Safety of machinery-
general principles for design-Risk
assessment and risk reduction

	
	Suspended
loads
	Crushing
hazard
	Machinery ‘s operation and
maintenance manual

	
	Work shed
environment
	Slipping and
stumbling
	



4 Conclusion
This paper has highlighted different critical health and safety risks issues during hop harvesting depending on various harvest methods. Regarding manual harvest, the principal hazard is attributed to uncomfortable work conditions taking unpleasant positions, repetitiveness and duration of activities. Instead, during the mechanized harvesting operations, the risks are mainly attributed to a dangerous environment due to specific features of the machine. Although adopting barriers and devices to secure harvesting machine is crucial to reduce risks, the human factor is essential to prevent incorrect use. In [25] reported empirical evidence that operator’s manuals are infrequently read, and warnings reported on them are scarcely noticed. This gives the importance of the operator’s manual as a source of information for machine safe operation and maintenance [25]. In [26], additionally, emphasized the limited efficacy of the operator’s manual in conveying safety information, stressing the need to revise this instrument to achieve better readability.

Despite the mechanized harvesting equipment can represent a safety risk for the operators, if the safety guidelines established by the manufacturer are observed and if the PPE is properly worn, safety hazards in the working environment are reduced. Thus, mechanized operations lead to an improvement in workers’ health conditions. Moreover, although small farms have difficulties making investments to mechanize the harvesting operations, this results in advantage not only for occupational health but also for the production efficiency [27, 28].

Further work needs to be carried out to assess the gravity of risks and define recommendations and precautions required to reduce risks. Under the ISO 11226:2019 and ISO 11228-3:2009, detailed risk assessment could provide crucial information on the operators working conditions and help identify possible solutions to risk reduction. Therefore, the hop-picking machine must be designed following provisions from ISO 12100:2010, to guarantee worker safety. Moreover, the employment of high trained operators and the compliance of safety guidelines specified by the manufacturer will reduce work-related injuries.
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1) Arangement ighthand /
ef-hand possitie

:' Picking Machine

MWARNINGI [] Separated Danger Zone

Acc. to CE-Directives, a protective fence shall / must be installed around danger zone of the machine.
- Protective Fence - Barrier

- Doors 1-5 with safety switch. When opening the door, the machine is switched off. 1t cannot start
automatically again. Door 3 with additional key switch for an instructed person entitled to access.
Description of access possibilities

° Hop exit belt can be placed left o right hand

@ Fubberbelt conbe plaed eft o right hand

- In zones without protective fence, the access to the machine is secured by claddings.

' Open part - danger zone with protective claddings directly on the machine.





