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ARSTRACT

This study evaluated occupational exposures amountrg workers to five volatile organic compounddeased
from the extensive use of solvents and proteinaseeaste decomposition in the poultry farms. Coredioins of five
volatile organic compounds VOCs (acetone, benzeaphthalene, phenanthrene and pyrene) were measutddod
samples of 49 poultry workers from Pakistan to ssthe occupational exposure. All of the conce@ds could be
detected in more than 95% of blood samples. Level¥sOCs were higher in smokers compared to non-sngpWworkers
i.e., acetone (p=0.015), benzene (p=0.017), naf@mnbgp=0.000) and phenanthrene (p=0.005) exceaenpy(p=0.631).
Levels of VOCs also seemed to increase with theljofation of the workers (p=0.001). The prevailiygiene conditions
of farms surveyed seemed directly related withftequency of safety equipment use during worksltoncluded that
poultry workers are at a risk of occupational expeso VOCs due to their work environment. It ighlighted from the
findings that there is need for more complete &®idd evaluate the exposures related to poultnysimg in Pakistan and

setting environment standards for these and otk 8/
KEYWORDS: VOCs, Poultry Workers, Occupational Exposure, Smmpkndoor Air
INTRODUCTION

Lately, assessment of exposure to hazardous chisrhiaa become thriving for an increasing numberhaimical
substances all around the globe. Volatile orgammpmounds (VOCs) are ubiquitous in the environmémguently
detected at workplaces (Heinrich-Ramtral., 2000). This is crucial as majority of people spapgproximately 80% of
their time in the indoor environments such as esigs, public buildings and offices (USEPA, 199%)ey are used in a
broad scope in numerous industrial applications pewple at work-places could experience a subsataaibisorption of
VOCs owing to their lipophilic nature and high uility (Garzaaet al., 2012).

Regardless of the source, VOCs are simply absatiredigh the skin and the respiratory tract. Oney tenter
into blood-stream, VOCs will possibly get to difat target tissues, depending on the propertiéiseofompound and the
level of exposure, resulting in a number of damagdiealth effects, from acute to chronic toxicityQ®&s might also have
carcinogenic effects (Daa al., 2004; Garzaet al., 2012). Throat and eye infections, damage to livet @entral nervous
system may occur due to extended VOCs exposureelzas 2004).

World over poultry is one of the most vital sounfeprotein for humans. On the other hand, seveve@@mmental
harms connected with the poultry industry have oecbalong the management systems employed indikéry industry.

Widespread causes of pollution ensuing from poyigduction are dust, odor and ammonia emissiohsséd diverse air
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pollutants are linked with health risks for bothufioy workers and animals (Kocaneiral., 2006). Odor problem is the
foremost air quality issue associated to poultrynfag (Mooreet al., 1995). At various stages of protein based waste
decomposition for example feed debris, urine, febad, skin, and bedding materials resulted odioissestock houses
(O’Neill and Phillips, 1991).

Farmer's exposure to a composite mixture of airbosubstances poses risk to their respiratory system
Hypersensitivity andpneumonitis(lung disease), nlard@ronchitis, bronchial responsiveness, organgt tbxic syndrome,
asthma, and asthma-like syndrome are most commepiratory diseases experienced by farmers (Omlaga@2). In
Pakistan, there is a lack of data on occupatioxabsure to health risks in poultry farm workersl the workers are at an
eminent risk of exposure to VOCs hazard. Poultrykets are exposed to these risks in our countripated to their poor

socioeconomic condition, low education levels auklof knowledge and lack of waste handling trajramd hygiene.

Realizing a serious dearth of information about Y@Cs patterns, quality and quantity, the preséntysis
planned with the establishment and comparison @fettposure to VOCs at the selected farms, measatesh® OCs in
the blood of poultry farms workers, the potentialer of demographic variables in increasing VOCsosxpe among

poultry workers and comparison of VOCs levels irokar and nhonsmoker subjects.

MATERIALS AND METHODS
Study Subjects and Sampling

Two groups of poultry workers from Pakistan tooktpa the study: hatchery workers as the first grand
poultry farm workers as the second. The workersi®=were found out to be 18-53 years old (medi&0 Zears), all
males, living in an urban area of Pakistan (samptiariod November 2012). Neither of the subjectgetaad any history
of occupational exposure to VOCs. Among them weBen@n-smokers and 21 smokers. Prior to blood sagpdi
guestionnaire was completed to elicit age, genglducation, smoking habit, job duration, work howasfety equipment
use, hygiene training, job satisfaction, work shiftygiene level of the work unit and medical higt®lood samples were

collected in vacutainer tubes and kept at freet@ngperature until analysis.
Analysis of Blood VOCs

Five major VOCs (acetone, benzene, naphthaleneepllerene and pyrene) were determined simultangousl
using HPLC method according to Al-Daghri (2008)iely, half ml of serum (separated by centrifugatiof blood
samples) was diluted with half ml of methanol andtexed (10-20 seconds). The solution was thendcddtd a 5ml of a
1:1 hexane:diethyl ether mixture (vortexed againafaninute). Each sample was centrifuged for 5 teimat 3000 rpm.
Supernatant was removed and transferred to a nee fhis procedure was repeated for the same saaggali® and
supernatant was extracted. It was the added wilittl@ amount of sodium sulphate anhydrous, filter@nd left to
evaporate until dried completely. Dried tubes watded with acetonitrile solution (1ml) as a finpsto complete sample

preparation.

For quantitative analysis a little amount of thenpée was injected into the HPLC systemSPD-10A ViR¥alzu
with UV detection (254 nm). Acetonitrile and deipadl water were used as a mobile phase in 6:4 ratiaslow rate of
1.25 mL min® and oven temperature of 40 °C. Eluting analyte®weantified by ultraviolet detection (254 nm).thith a

total run time of 25 minutes, all the five VOCs tbibe selectively quantified. Concentration of VOi@isthe blood
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samples was calculated by calibration curve methbath was developed by running the reference statsdand the

recovery rates obtained during validation wereaimge from 90 % to 97%.
Statistical Analysis

Main statistical parameters were generated withSSE&0 for windows. Criterion for statistical sifichnce was
p < 0.05. The frequencies of all the demographidatées were calculated. Characteristics of surdeyepulation in
response to the categories of the workers and iasewcof different hygiene related parameters wiib type of farm
surveyed were calculated by chi-square. Linearessjon was used to predict the hygiene level ifahas surveyed and
the concentration of VOCs (acetone, benzene, nafantl, phenanthrene and pyrene) in the blood oftrgoworkers.
Concentrations of selected VOCs in blood were tated to demographic and hygiene related paramei¢rs mean
concentrations of selected VOCs in the blood oflam® and nonsmokers were compared using t-testsaime test was

used to compare the mean concentrations of sel®k in the hatchery and farm workers.

RESULTS AND DISCUSSIONS

The results on the VOCs levels in blood are sunzmdrin Table 1. Concerning all the 24 hatchery woskall of
the five VOCs were found in the blood samples. Wébpect to the single VOCs we found their levelshie following
descending order; benzene, naphthalene, acetomeapthrene and pyrene (median: 3.85 vs. 2.99@8.\&. 0.83 vs. 0.58
ppm). The results for poultry farm workers wererfdun the following descending order; benzene, ttzgdne, acetone,
pyrene and phenenthrene (median:; 1.72 vs. 1.027.88.vs. 0.157 vs. 0.059 ppm). This data is indgaccordance with
the international literature in the studies by Beeet al. (2004), Wang et al. (1994), Swaen €2all0), Al-Daghri (2008),
Singh et al. (2008) and Zhu et al. (2011). A siigaifit difference was found between hatchery ana faorkers for each
of the VOC studied i.e., for acetone p=0.002 (stiatlly significant), for benzene p=0.003 (statifly significant), for
naphthalene p=0.002 (statistically significant), fdienenthrene p=0.014 (statistically significaanty for pyrene p=0.05
(statistically significant). The mean values foe thll the selected VOCs in blood were higher irchaty workers than in
the farm ones as is clear from the very signifidas\¥alues demonstrated in the table. One of thenmeasons for this
might be that the hatchery unit was more vast aadhainized than either of these farms and that tir&ess were more

exposed and thus contained higher levels of theaotination (Bucklet al., 2005).

In our study (Table 1), there was a very signiftcdifference between individual VOCs concentrations
smokers and non-smokers for most of the VOCs. Qlvaradian concentrations for smokers and non-sn®ker the
single VOCs were found out to be acetone (media882 ¢s. 1.15 ppm, statistically significant p=0.p1%enzene (median:
2.34 vs. 1.815 ppm, statistically significant p=I/®) naphthalene (median: 3.03 vs. 1.029 ppm,sstlly significant
p=0.000), phenanthrene (median: 0.902 vs. 0.092b, Fatistically significant p=0.005) and pyreneetian: 0.28 vs.
0.171 ppm, statistically insignificant p=0.631). r&xtudy indicated that smoking might affect andliettee level of blood
VOCs. This lies in accordance with the past stubie8rugnone et al. (1989) and Angerer et al. (J@%la number of
studies on smokers have demonstrated the elevatioriernal doses of some VOCs (Churchill et aQ2; Guo et al.,
2004).

Regression Analysis

The results on the regression analysis of the VidGdood are reported in Table 2. Five explanateayiables
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were regressed on each of the blood VOCs concefiifezte variables are profession of the workersdiatation, work

hours, safety equipment use and cleaning intemnvéideé working unit. Our regression model is asofoii:

Y(VOC) = BD + Bl (Professionf" BZ (Job Durationf" BS(Work Hours)+ B4(Safety Equipment Use"' BS(CIeaning Interval)

As shown in Table 2, profession of the workers,kirgg hours and safety equipment use did not sedme touch
effective predictors in the regression model. N&ithf the VOCs had any statistically significank@5) relationship
with profession, work hours and safety equipmertusy the subjects. However, safety equipment aseeut as a very
strong predictor in predicting hygiene level of gaultry units by having a strongly significant (p600) relationship with

the hygiene level and accounting for 73% chandey/giene.

Job duration has a positive and statistically figamnt (p=0.001) relationship with the concentratiof acetone
and benzene in blood samples. As the regressiorifmdacetone and benzene was estimated, it veasthat increase of
job duration by one year will increase the conaiin of acetone and benzene by 50 % and 49 % csplg in the
blood. Cleaning interval seemed to be an effeqtieglictor for acetone and naphthalene levels ptiedias seen in table.
Both acetone and naphthalene had statisticallyifgignt relationship (p= 0.013 and 0.05) towardsacling interval. As
for the regression model, a negative relationskipted between cleaning interval and VOCs concéafralt was seen
that one percent decrease in cleaning level wontiease the blood concentrations of VOCs by 43% 38%

respectively.

Bratveikt al. (2007) pointed out that the concentration of beazenthe blood of full shift workers of crude oil
process was significantly high as compared to filmtaworkers because they were associated with sihee. Job duration,
work hours and profession are reported to haveeffie exposure level to VOCs in the indoor envirent(Lerneret al.,
2012). The use of safety equipment (Rogers and @maD00) and efficient cleanliness and hygienelléDettenkofest
al., 2004) reduce the risk of exposure in occupationgirenments.

The association between profession of the subjaents different socio-demographic variables gatheogd
guestionnaire are presented in Table 3. Almostfathe variables (job duration, work hours, workftsh hygiene training,
cleanliness level and safety equipment use) warad®ut to be strongly associated with the professif the workers as
made clear by statistical significance (p < 0.05).be considered, education level of the workedsrdit seem to vary
significantly as both the groups were lowly edudaded poor people of same status. This kind oédéfices may have an
effect on the blood level of VOC contamination asatibed in the previous literature (Lereeal., 2012). Nature of the
farms surveyed and some of the variables relategrdéession and health of workers were associatiéldl @ach other
(Table 4). Out of the five variables, four wereriduo be associated with the type of the farm #gpificantly as seen in

table (p < 0.05) except stay time of the workerthatfarm.

A farm can be viewed as a discrete work environnagalt this work environment has the ability to aitbatisfy
or dissatisfy the employee working in it. Physieglents involved in the work environment can causalth hazards,
producing tissue trauma (Rogers, 1997). Psychdstagtors in the working environment are importémtconsider and
may lead to a variety of work related problems ifstance staff dispute, absenteeism, staff turndeer morale and
decreased effectiveness of work (Fielding and Wiea&94). According to Malilet al. (2003) the visual assessment of
hygiene level has been a poor indicator of cleamiffigacy. In the present study a significant rielaship between the

prevailing hygiene conditions of the farms and o$esafety equipment was observed (Table 4). It appé¢hat the
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frequency of safety equipment use increases thizhgdevel of the farm. Safety equipment for exaglbve usage has
produced significant reductions in physical injsrimeasured by glove perforations (Rogers and Gqa2@0). Curtis
(2008) pointed out that appropriate cleaning meshad proper cleaning chemicals can extensivelynmie pathogen

and infection levels.

VOCs concentrations were correlated to some dembgraand hygiene related parameters (Table 5). The
outcome suggested a strong correlation of VOCs exdnation to some. Job duration appeared to beryasignificant
variable affecting the concentration of VOCs asacl&éom the coefficient values. It implies that riease in the job
duration of subjects makes them more exposed to /@@o we found a strong negative correlation leet safety
equipment use and VOCs concentration implying thatuse of safety equipment in an occupation mizesiexposure to
VOCs. The most significant results were found ia torrelation of safety equipment use to the l@feV/OCs in the
blood. These results are also supported by prevViwature as described by Roger and Goodno (28€GQ@)more the use
of safety equipment, less will be the chances pbsxre to harmful VOCs. Also socio-demographicdeplay a role in

the exposure level (Lernetal., 2012).
CONCLUSIONS

In conclusion, the presence of VOCs in occupaticettings leads to a background burden of the weritesre.
VOCs were found in more than 95 % of the blood demetermination of blood VOCs seems to be abld@tmeasure
in any environmental investigation representingrinal exposure. Also, smokers showed VOCs condé@rigincreased
than those of non-smokers. So it is concluded tiblddcco smoke is a non-occupational source of Véx@sa major

confounder in anticipating the impact of other eorimental exposures (Wallace, 1989; Churchill gt24101).

It is positive that the occupational workers in figuand hatchery units in Pakistan are at a riskV@Cs
exposure and disease prevalence as a consequettugirdbw education, poor socio-economic statasklof hygiene
training and awareness. Poultry industry is a mpjoducer of food in Pakistanbut also a major peedwf potentially
harmful wastes and emissions. It is crucial to caraghe outcomes of this study with the worker geton legislation i.e.

permissible exposure limits (PEL) and thresholdtlvalue (TLV).

Table 1: Results of VOCs Analysis

Subi Acetone Benzene | Naphthalene | Phenanthrene| Pyrene
ubjects n
(ppm) (ppm) (ppm) (ppm) (ppm)
Median 2.095 3.853 2.9915 0.831 0.589
Hatchery Workers 24 Mean 2.198 3.399 2.878 0.659 0.575
Range 0.02-4.72| 0.51-6.5p 0-6.25 0.002-1.9 0.008-2.
Median 1.02 1.725 1.027 0.059 0.157
Poultry Farm Workers 25 Mean 1.0654 1.835 1.555 0.314 0.290
Range 0.002-4.62 0.03-5.96 0-4.32 0-1.09 0-1.309
Median 1.32 2.34 3.03 0.902 0.28
Smokers 21 Mean 1.878 3.019 2.816 0.600 0.473
Range 0.03-4.72| 0.51-6.5p 0.76-5.02 0.002-1.24 30-1.
Median 1.15 1.815 1.029 0.0925 0.171
Non-Smokers 28 Mean 1.426 2.288 1.744 0.395 0.3978
Range 0.002-4.69 0.03-5.98 0-6.25 0-1.9 0-2.05
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Table 2: Regression Analysis for prediction of Blod VOCs

Acetone Benzene Naphthalene Phenanthrene Pyrene
Constant 1.332 2.265 2.848 0.624 0.393
P standarizea | P-Value | B sundarizea | P-Value P standarizea | P-Value | P sandarizea | P-Value | B sondarizea | P-Value

Profession -0.154 0.458 -0.166 0.448 -0.259 0.283 -0.042 -0.866 -0.261 0.311
Job Duration 0.509 0.001 0.498 0.001 0.018 0.909 0.069 0.681 0.260 0.137
‘Work Hours 0.308 0.060 0.136 0.424 0.111 0.550 0.075 0.697 0.192 0.337
Safety Equipment use 0.097 0.621 0.087 0.674 -0.021 0.927 -0.110 0.641 0.236 0.330
Cleaning Interval 0.013 0.013 -0.166 0.448 -0.387 0.05 -0.385 0.062 -0.315 0.133

Table 3: Characteristics of Surveyed Population irRelation to “Profession”

2

Variables Categories X P-Value
2-5yrs
5-10 yrs
Job Duration 10-15 yrs 18.387 0.001
15-20 yrs
20-25 yrs
5-10 hrs
Work Hours 10-15 hrs 18.816 0.000
15-20 hrs
Uneducated
Education M.'ddle.
Matriculation 5.115 0.164
Level .
Intermediate
and above
Do you work Yes
in Shifts? NO 28.149 0.000
Hygiene Yes 9.900 0.002
Training No
Cleanliness Eoor
level Satisfactory 31.636 0.000
Good
Safety Yes
Equipment No 31.099 0.000
Use

Table 4: Association of Different Hygiene Related &ameters with Type of Farms Surveyed

Variables

Category vh

2

P-Value

Stay 24 Hours at the Farm?

Yes

No

0.260

0.419

Cleanliness level

P

oor

Satisfactory

Good

31.636

0.000

Interval between Cleaning

1 Day

2 Days

3 Days

D

More than 3

ays

18.816

0.000

Hygiene Training

Yes

9.900

0.002

No

Safety Equipment Use

Yes

No

31.099

0.000
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Table 5: Correlation of Blood VOCs Concentration toDemographic and Hygiene Related Parameters

Parameters

Acetone Benzene Naphthalene Phenanthrene | Pyrene
Parameters | Concentration | Concentration | Concentration | Concentration | Concentration

in Blood (ppm) | in Blood (ppm) | in Blood (ppm) | in Blood (ppm) | in Blood (ppm)
Job Duration| 0.602** 0.599** 0.284* 0.265 0.340*
Work Hours | -0.188 -0.253 -0.319* -0.291* -0.133
Stay 24
Hours At the| -0.238 -0.098 -0.344* -0.095 -0.037
Farm?
Safety
Equipment | -0.391** -0.391** -0.415** -0.375** -0.198
Use

**_Correlation is significant at the 0.01 leveH&iled).
*. Correlation is significant at tshe 0.05 levelté2led).
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