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We performed comprehensive hygienic examination of working conditions in greenhouses at a green-
house complex in Saratov region. Our research goal was to a priori assess occupational health risk for
greenhouse workers on the basis of working conditions classification as per deviations of environment param-
eters and working process from the existing hygienic standards. We examined microclimate parameters in
cold and warm seasons, contamination or working area air with hazardous chemicals and aerosols; we also
performed occupational and time studies of work activities when basic working tasks were accomplished dur-
ing an annual vegetables growing cycle in greenhouses. We detected that greenhouse workers during their
working activity were exposed to a set of hazardous factors; the prevailing ones were heating microclimate,
occurrence of hazardous chemicals and dust in increased concentrations in working area air, hardness of
labor process which involved excessive physical exercise, long-term work in an inconvenient posture, frequent
body bendings, and necessity to spend a lot of time standing. Overall hygienic assessment of greenhouse
working conditions corresponded to 3 degree category of hazardous conditions (3.3 danger class) allowing
for impacts exerted by a set of hazardous working environment factors and working process itself during an-
nual working cycle. Hazardous working conditions caused occupational health risk for greenhouse workers
which, in conformity with R 2.21766-03, corresponded to high (intolerable) risk when urgent activities aimed
at its reduction were to be accomplished. Our research result prove that it is vital to perform further research
on greenhouse workers health as per data on periodical medical examinations, more profound study of mor-
bidity with temporary disablement, and other socially significant health parameters.

Key words: greenhouse workers, working conditions, hazardous production factors, occupational health
risk, a priori assessment.

Nowadays new technologies are being
implemented in the sphere of greenhouses
cultures growing; they involve replacement
of soil mixtures with hydroponic substrates
(coir fiber, silicate cotton, etc.), automation
and mechanization of all technological
processes, introduction of fertilizers solu-
tion to each plant through a drop watering
system. But all these innovations unfortu-

nately haven't resulted in elimination of all
the working process factors which can be
hazardous for greenhouse workers' health.
Occupational activities of greenhouse
workers still involve functioning under un-
favorable microclimate determined by spe-
cific technological processes and increased
leak resistance of cultivating facilities, con-
tacts with pesticides, agricultural chemicals
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and products of their destruction, biologi-
cal protection agents and disinfecting
agents, as well as by labor process hard-
ness and intensity [2,4,7,8,11]. Our analy-
sis of scientific literature proves that haz-
ardous working conditions exert negative
impacts on female greenhouse workers
[1,3,5]. Unfavorable working conditions
are risk factors causing general and occu-
pational diseases evolvement in green-
house workers; such diseases may lead to
temporary and, in some cases, to persistent
lost of working capacities [12,13,14,15].

Given all the above-stated, examina-
tion and hygienic assessment of working
conditions which exist in the sphere of
greenhouse plants cultivating and creation
of preventive activities aimed at eliminat-
ing occupational diseases risk for green-
house workers' health can be considered
vital.

Our research goal was to perform a
priori assessment of occupational risks for
vegetables greenhouse workers' health on
the basis of working conditions classifica-
tion as per degree of deviations in working
environment parameters and labor process
form the existing hygienic standards.

Data and methods. We accomplished
our research on one of large greenhouse
complexes in Saratov region specializing
in year-round growing of tomatoes and cu-
cumbers on hydroponic substrate. We car-
ried out complex hygienic examinations of
working conditions which a basic occupa-
tional group - vegetable growers - had to
work under. We examined microclimate
parameters, working area air contamination
with hazardous chemicals and sprays; we
performed occupational and time studies of
working activities when basic working
tasks were performed during an annual
working cycle; all our examination were
performed with the use of conventional
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techniques applied in occupational hygiene
and medicine.

Working factors and labor process fac-
tors were hygienically assessed as per de-
viations in their actual parameters from the
existing hygienic standards according to P
2.2.2006-05 [10]. Occupational risk was
assessed in conformity with a technique
fixed in P 2.2.1766-03 [9].

All the obtained data were statistically
processed with the use of Microsoft Office-
2007 (MS Excel-07, MS Word-07) soft-
ware, and Statistica 10.0 software.

Results and discussion. A greenhouse
complex which was chose as our research
object is a complicated engineering con-
struction equipped with all the necessary
tools to grow vegetables in conformity
with the adopted technology. Vegetables
are grown in blocks of greenhouses with
glass covers; greenhouses are combined in
4 blocks, each block containing 4 green-
houses (the overall greenhouses square
amounts to 24 hectares, each greenhouse
square is equal to 1.5 hectares). The com-
plex also has amenity rooms and auxiliary
rooms.

Greenhouses are also equipped with
stationary technological systems of water
heating, ventilations, cover shading, feed-
ing with carbon dioxide, additional light-
ing, automated regulating and managing
the equipment in order to maintain fixed
temperature and humidity regime (air tem-
perature for growing cucumbers is to be
19-28°C and air humidity, 70-90 %, air
temperature for growing tomatoes is to be
18-26°C, and air humidity 60-70%).

Lighting in the greenhouses is natural
due to glass covers; there is also additional
lighting (luminous lamps). Ventilation is
also natural (fanlights). Water supply and
sewerage are centralized. Water taken from
this centralized water supply system is also
used for drinking. Heating comes from the
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own boilers which function due to natural
gas. Technological processes related to wa-
tering and fertilizers introduction, as well
as transportation and cargo handling are
performed by machines.

Certain stages in the process of vege-
tables growing in greenhouses require ap-
plication of agricultural chemicals serving
as root-feeding and top-feeding. Top-
feeding is a basic way to provide plants
with microelements; it is usually done
through spraying plants with agricultural
chemicals solutions. Root-feeding is done
via introducing fertilizers solutions to each
plant through a drop watering system.
ready solutions are directly fed in these
drop watering systems. Vegetable growers
don't have any direct contacts with agricul-
tural chemicals. Air feeding of plants is
done with carbon dioxide during the whole
vegetation period from 7 a.m. to 19 a.m.;
preset concentrations are maintained by an
automatic regulation system.

To fight plant pests and diseases, pes-
ticides (insecticides and fungicides) are
widely used at the complex. Treatment
with pesticides is usually performed in the
evening by a specialized group of workers
who are responsible for plants protection;
after it greenhouses usually remain closed
for a long period, from 12 to 24 hours. But
sometimes vegetable growers enter green-
houses on the next day in the morning thus
violating the rules on safety working pro-
cedures after chemical treatment with pes-
ticides; it proves that they are exposed to
effects exerted by pesticides residues. The
examined complex usually applies the 3th
generation pesticides which are mostly rep-
resented by synthetic pyrethroids and hor-
monal preparations. Their basic peculiari-
ties are abilities providing faster self-
destruction in the environment. Such bio-
logical agents as antibiotics, vitamins, and

Health Risk Analysis. 2017. no. 3

snouted mites which eliminate plant pests,
are also used in the complex activities.

Agricultural technology at the exam-
ined complex consists of a number of suc-
cessive stages which differ in their duration
and which are characterized with a compli-
cated structure involving a lot of operations
and high labor input required for produc-
tion processes. These are the main stages
which vegetable growers have to perform
during their annual working cycle: sowing
seeds and taking care of seedlings; seed-
lings planting; plants formation; harvesting
and taking care of plants; plants mass dis-
posal; greenhouses cleaning and disinfect-
ing; getting greenhouses ready for the next
working cycle; various maintenance and
repair works (painting of equipment,
mounts tightening, support columns ad-
justment, etc.).

Such works as seedlings growing,
plants formation, harvesting, and taking
care of plants, are the longest stages in the
working cycle. During them a specific, ar-
tificially created temperature and humidity
regime is supported in the greenhouses;
this regime involves relatively constant in-
creased air temperature and humidity lev-
els. Works related to plant mass disposal
and greenhouses disinfection took place
twice a year and lasted from 5-10days up
to 1 month a year; they were usually per-
formed with all the doors remaining open
and all the climatic systems being switched
off.

Our research revealed that unfavorable
microclimate was the basic peculiarity of
vegetable growers' working conditions at
all the production cycle stages (Table 1).
Thus, during a warm period (when out-
doors temperature was +20-24°C) indoors
air temperature exceeded permissible lev-
els. It was the highest (by 4-8°C than the
permissible one) during such works as tak-
ing care of plants and harvesting. Envi-
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ronmental heat load index (EHL-index)
which reflected combined effects exerted
by air temperature, its motion speed, and
its humidity, on a human heat exchange
with the environment, exceeded permissi-
ble values by 2,3°C - 3,0°C during this pe-
riod.

When the same operations were per-
formed during a cold time of a the year, air
temperature was on average 7,8°C higher
than the permissible one, and the EHL-
index was 2,1°C higher. Relative air hu-
midity exceeded its permissible levels by
2-5% practically during all the production
cycle stages. Air mobility in the green-
houses was limited and didn't exceed 0.1
m/sec while its permissible values vary
from 0.2 to 0.5 m/sec.

Therefore, vegetable growers were ex-
posed to heating microclimate during the
whole production cycle in the greenhouses.
Hygienic assessment of working conditions
as per microclimate parameters corre-
sponded to 3.1 hazard category during
seedlings growing and planting, and during
plants formation; it corresponded to 3.3
hazard category during taking care of

plants, harvesting, and plants mass dispos-
al.

Heating microclimate (increased air
temperature, high humidity, and limited air
mobility) during a working shift together
with intensive physical activity exerted
negative impacts on heating state of female
workers. When we performed an integral
assessment of heating microclimate in con-
formity with the Methodical Guidelines
4.3.2755-10 [6], we revealed that risk of
females' bodies overheating ranged from
moderate to very high during a warm peri-
od of the year, and heat accumulation in
the body ranged from 2.66 to 4.56 kJ/Kkg.
Risk of overheating ranged from weak to
moderate during a cold period of the year.

Air environment in the greenhouses
was contaminated with hazardous chemi-
cals at all the production cycle stages.
Working area air was constantly contami-
nated with carbon dioxide which was fed
to plants during the periods of plants for-
mation and harvesting. Carbon dioxide
concentrations didn't exceed MPC (650
ppm). However, carbon dioxide is known
to exert negative influence on human

Table 1

Hygienic assessment of microclimate parameters during various works performed by
greenhouse vegetable growers

- Warm period Cold period
3 Air . — . ” Air . — . ”
b EHL-index, | Relative air | Airspeed, (€ EHL-index, | Relative air | Airspeed, |&
© temperature, ° [T o temperature, ° PRI =l
- o °C C humidity, %| m/sec = °C C humidity, %|  m/sec =
Works 59 S g S g
(numberof |2 5| ° ® ° S8 o © © @ > 8
research) SEl s |- |2 |-|2|-|2|=[E8S=|=|2|=|2|=|2]|-|E8
| B | S| B2| S| 8| S|82|SEK 21 S| 8| S| 82|3S|8| 8|
~ = = = = = = = = |6 = = = = = = = = |6
5 E|RB|E| 8| E|R| E| R EIR|E|R|E| RR| E| & ]
= I3 8 I3 8 8 8 8 I3
Growing and planting 150|257 €180-[228 % 03- 0434 . [17.0-[27,64205-[255+ 01- 017
seedlings (n=136) W60 | 15 | 218 | 12 F708%4 05 [024| 31| 230 04 | 251 02 [®9%0%4 03 024 32
Plants formation 18,0-[28,1 £]205-[25,2 % 02— 02+ .. [17.0-22.8 4205 0.1- 0,15+
(n=136) Wa 1070 10 251 | 14 [* 790024 04 | 01 |31 230] 04 | 251 | — [F76%2 03 | 004 ]| 2
Harvesting 15,0-[204 £/180-[26,3 % 71203 0174 .. |130-[25,7 € 180-[224 % 02- 0,13+
(n=320) W60 | 35 | 218| 34 o™ 10 | 05 |014] 32| 210 06 |218] 07 "% 04 |004| 32
Taking care of plants 16,0-[30,4 4 195-127,3% 714 02- 0,154 . . |150-[260H195-[22.6 02— 012+
(n=292) b 15700 36 | 239 32 17 12 | 05 |006 33| 220/ 06 | 239 02 7" *7) 04 |003] 3!
Plants mass disposal 16,0-[33,6 £/195-20,0 % 54+ 02- [03%] . 150-[17,2 19,5~ 70+ 0,2- (0,164
(n=165) Wb 1070 09 | 239 | 12 [ 11 | 05 |009 |32 220| 27 |239| = 7 10 | 04 |004]| 2
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health under regular and long-term expo-
sure to it.

Greenhouses plants were treated with
pesticides during the stage of taking care of
plants; the task was performed in the even-
ing by a special group of experts on plants
protection. But terms of safe entrance to
the greenhouses after such treatment were
often violated at the complex, and vegeta-
ble growers were exposed to pesticides in
concentrations which were 1.1-2 times
higher than MPC during the whole year
(3.1 hazard category).

When workers performed tasks related
to plants mass cutting and getting plants
residues ready for disposal, we detected
formaldehyde in concentrations 1.4 times
higher than MPC and phytogenic dust in
concentrations 1.17 times higher than MPC
in working area air. Working conditions
were assigned into 3.1 hazard category as
per working area air contamination with
dust and hazardous substances.

Basic working tasks in the process of
performing all the technological operations

were handled manually and involved sub-
stantial physical dynamic loads on arms,
body, and legs muscles, as well as static
loads appearing when cargoes weighing 10
and more kg were lifted and moved and
when a body was frequently bent over by
more than 30 degrees. Vegetable growers
had to work in a standing position during
85-90% of a working shift performing all
types of working tasks and they had to
constantly move around an area they were
responsible for. Labor process hardness for
vegetable growers corresponded to 3.2 and
3.3 hazard category when they performed
working tasks at all the production cycle
stages (Table 2).

Overall assessment of working condi-
tions which greenhouse vegetable growers
had to work under allowing for influence
exerted by a set of hazardous working en-
vironment factors corresponded to 3.2 and
3.3 hazard category when various working
tasks were performed by them during all
the production cycle stages (Table 3).

Table 2
Assessment of labor process hardness for greenhouses vegetable growers during basic working tasks
performance
Labor process hardness parameters Overall
Working Physical Static Weight qf a _\/Vorkmg posture Bo_dy labor
tasks dynamic load|  load cargo being stoandlng, Po_stl_Jre cgaracter— b_endlngs, hardness
(kgem) (kgesec) lifted and Yo Qf a istics, (/o ofa times per assessment
moved (kg) shift shift) shift
Seedlings 6840, 97172, 9, 92 53% inconvenient, 582 3.3 cateqo-
growing and | 2 category |3.1 cate- | 3.1 category 10% forced ’ ' 9
. 3.2 category ry
planting gory 3.2 category
Plants for- 1500, 25467, 3, 75 |30% inconvenient
mation 2 category |2 catego-| 2 category 210, 3.2 catego-
ry 3.1 category 3.1 category ry
Harvesting 4560, 39125, 10, 93 63%
and taking 2 category |2 catego-| 3.1 category inconvenient, 297, 3.2 catego-
care of plants ry 15% forced |3.1 category ry
3.2 category
Plants mass 26560, 41180, 7, 90 30%
disposal 2 category |2 catego-| 2 category inconvenient, 220, 3.2 catego-
ry 10% forced |3.1 category ry
3.2 category
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Table 3

Hygienic assessment of vegetable growers' working conditions when they performed basic
working tasks

Working environment factors .
- - Overall working
Fibrogenic diti
Working tasks . o aerosols conditions assess-
Chemical Microclimate . |Labor hardness|  ment as per P
(phytogenic
2.2.2006-05
dust)
Seedl_mgs growing and 9 31 3 33 33
planting
Plants formation 2 3.1 — 3.2 3.2
Harvesting and taking 32 33 9 39 33
care of plants
Plants mass disposal 3.1 3.3 3.1 3.2 3.3
Table 4

Parameters and criteria of vegetable growers' occupational risk assessment when they
performed basic working tasks

A priori risk parameters (as per P 2.2.1766-03)
Working tasks Working conditions . . Urgency of activities aimed at
category Occupational risk category risk lowerin
(as per P 2.2.2006-05) g

gf:r?tlilnngs growing and 3.3 High (intolerable) Urgent activities are required
Plants formation 32 Average (significant) Actions are t?irgz taken in due
Harvesting and taking 3.3 High (intolerable) Urgent activities are required
care of plants
Plants mass disposal 3.3 High (intolerable) Urgent activities are required

A priori assessment of occupational
risk which was performed in accordance
with the techniques stated in the Guide P
2.2.1766-03, allowed us to reveal that risk
for vegetable growers' health varied from
insignificant (moderate) to very high (in-
tolerable) during the whole annual produc-
tion cycle depending on working tasks per-
formed by them (Table 4).

Therefore, in spite of new technologies
implementation, greenhouse vegetable
growers are exposed to impacts exerted by
a set of hazardous factors during their
working activities; these factors include
heating microclimate, working are air con-
tamination with hazardous chemicals, and
labor process hardness.
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Conclusions.

1. Integral assessment of working con-
ditions which greenhouse vegetable grow-
ers had to work under was performed in
conformity with the Guide P 2.2.2.2006-05
as per aggregation of all the working envi-
ronment factors exerting their influence on
workers' health during the whole produc-
tion cycle. the assessment revealed that
working conditions belonged to 3.3 hazard
category.

2. We detected "high intolerable™ oc-
cupational risk for vegetable growers'
health and it proves that further research on
health of workers from this occupational
group is required. This research can be
based on data obtained during periodical

Health Risk Analysis. 2017. no. 3
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medical check-ups, more profound exami- rary disability, and other socially signifi-
nation of their morbidity causing tempo- cant health parameters.
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