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ABSTRACT 

 

 This study was a cross-sectional analytical research study conducted in 

a paint factory where organic solvents are used. Behavioral studies were conducted 

on 41 exposed workers and 27 control subjects. The subjects were asked to fill out 

a questionnaire and be tested for levels of hippuric acid in urine. Personal and area 

sampling data were collected and the subjects were examined with psychological 

tests including standard progressive matrices, simple reaction time and critical 

flicker fusion. 

 

 The results of this study revealed significant differences between the 

exposed group and the control group in tests of standard progressive matrices, 

intelligence quotient and simple reaction time on visual, auditory and tactile 

responses. The results showed that the exposed group performed the tests poorer 

than the non-exposed group. The critical flicker fusion frequency (CFF) tests did 

not show any significant differences. The correlation between hippuric acid and 

psychological tests also were not statistically significant differences except the 

tactile reaction time. The tactile reaction time showed a very good correlation with 

hippuric acid. This index might be useful for evaluation of behavioral changes. 
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CHAPTER I 

INTRODUCTION 

 

 

1.1 Background and rationale 

 Organic solvents arose in the latter half of the 19
th
 century from the coal-

tar industry. Their application grew to be wide and diverse in both developed and 

developing countries. The introduction of chlorinated solvents in the 1920s led to 

reports of toxicity. Although solvents number in the thousands, only a few have been 

tested for neurotoxicity. Organic solvents are useful because they can dissolve oils, 

fats, resins, rubber, and plastics that are not soluble in water. Thus they are widely 

used in many industries such as paints, varnishes, lacquers, printing inks, plastics, 

adhesives, textiles, rubber products, floor polishes (1,2). These organic solvents used 

for extracting of fats and oils in degreasing, dry cleaning or suspending materials. In 

Thailand, it was reported that many factories associated with solvents approximately 

19,296 and the workers exposed to solvents 616,118 persons (3). These employees 

worked in the factory that located in Central region 525,158 persons (84.24%), 

followed by the Northeast region (7.64%), the North region (3.79%) and the South 

region (3.34%).  

 In particularly, organic solvents are used in a paint manufacturing for 

various items (15, 16) and many of these solvents are neurotoxic. Epidemiological 

studies have reported the workers who engaged in various painting operations had a 

potentially hazardous exposure to many different solvents especially in processes such 

as pouring and mixing, grinding, spraying, packaging, and cleaning. These workers 

who associated with paint and spray paint are frequently exposed to mixtures of 

organic solvents, including toluene, xylene, naphtha and n-hexane (4). Organic 

solvents had the property to evaporate easily. This reason caused they contaminated to 

the working environment rapidly. If the workers inhaled the solvents may lead to 

poisoning and having impacted to human health. The most important toxicological 

properties of organic solvents are their ability to evaporate and dissolve fats. Because 
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they had property of dissolved the fats, when they were intaked to the body they can 

be distributed rapidly throughout the body and they had a special affinity for lipid-rich 

tissues including liver, kidney, and nervous system which is rich in both blood supply 

and lipid content is a common target of solvent distribution. For the toxicity affected 

to the nervous system, exposure to organic solvents can result in a variety of serious 

effects in both the central nervous system such as brain and spinal cord and the 

peripheral nervous system such as nerves supplying the rest of the body. They have 

produced a wide range of neurobehavioral disorders. 

 Numerous studies from the occupational literature showed that solvent-

exposed workers had an increased risk of disability pensions for neuropsychiatric 

disorders. They had lower performance in neurobehavioral tests and excess 

neuropsychiatric symptoms if currently exposed. These effects include disorders 

characterized by reversible subjective symptoms such as memory impairment, 

irritability, sustained changes in personality or mood, impaired intellectual function, 

prolong reaction times, increased forgetfulness, difficulties with memory, 

psychomotor speed and some loss of coordination (5, 6, 7, 8, 9, 12). Moreover, the 

workers reported more fatigue, tension and sense of smell is altered. This effects were 

related to Axelson (10) reported that the relative risk of a disability pension due to 

dementia is higher among the workers exposed to solvents than in the control groups. 

There is a trend in making a diagnosis of neurotic disorder for workers who are 

exposed to neurotoxins and who are considered to be eligible for exposed to 

neurotoxin. Arlien-Soborg et al (11) reported the examined seventy wall painters after 

they had undergone health care due to solvent intoxication symptoms or suspected 

dementia. The authors discharged possible causes of organic mental disorder and 

found significant changes in the tests and assessment carried out by using neurological 

test and brain computerized tomography. They concluded that the long-term exposure 

to solvents would gradually result in the development of a chronic brain syndrome 

called ‘‘wall painters’chronic syndrome’’. Recognition that a significant neurotoxic 

exposure has occurred can grow out that a hazard exists or from complaints and 

observations of changes in individuals. The nervous system effects of exposed to 

organic solvents can lead to significant morbidity and increased risk of accident injury 

on the job and away from work.  
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 In this study the researcher had studied the workers exposed to organic 

solvents and the non-exposed group with psychological tests. These studied have 

reported that the solvent-exposed workers had poorer performance more than the 

control subjects on the tests for psychomotor speed, reasoning ability, clear thinking 

and fatigue of the brain. The purpose of this study was to determine the presence of 

neurobehavioral changes on psychomotor performance, SPM test and measuring of the  

CFF threshold among the workers who exposed to organic solvents in a paint factory 

compare with non-exposed workers. 

 

 

1.2 Objectives 

 

 1.2.1 To study behavioral changes such as psychomotor speed, intellectual 

capacity, reasoning ability, clear thinking, fatigue in the exposed-workers and the non-

exposed workers by using the psychological tests.  

 1.2.2 To find out the correlation of the levels of hippuric acid and 

psychological scores in the workers who exposed to toluene and xylene. 

 1.2.3 To study the personal factors that affected to the psychological tests 

and the hippuric acid levels. 

 1.2.4 To compare the indices which are used to evaluate the behavioral 

changes.  

 

 

1.3 Hypotheses of this study 

 

 1.3.1 The workers exposed to organic solvents show significant reductions 

on tests of neuropsychological tests when compared to control group.  

 1.3.2 The hippuric acid in urine and neuropsychological tests in solvent 

exposed group are correlated. 
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 1.3.3 Factors of demographic characteristics such as age, sex, education 

level, division, duration of work, cigarette smoking, alcohol consumption, using 

personal protection equipment give the influences to the psychological tests. 

 1.3.4 The tactile reaction time is more suitable to evaluate behavioral 

changes of exposure than the other indices. 

 

 

1.4 Conceptual framework and variables 

 

 1.4.1 Conceptual framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1.4.2  Independent variables 

• Hippuric acid in urine 

• Sex  

• Age 

• Education level 

• Duration of work 

• Cigarette smoking 

Independent variables 

- Hippuric acid in urine 

- Sex 

- Age 

- Education level 

- Division 

- Duration of work 

- Cigarette smoking 

- Quantity of alcohol consumption 

- Frequency of alcohol consumption 

- Using personal protection    

  equipment 

Dependent variables 

Psychological scores 

   - Standard Progressive     

      Matrices (SPM) 

   - Simple Reaction Time  

     (SRT) 

   - Critical Flicker Fusion  

     (CFF) 
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• Quantity of alcohol consumption 

• Frequency of alcohol consumption 

• Using personal protection equipment 

 

 1.4.3 Dependent variables 

 1. Standard Progressive Matrices (SPM) 

 2. Critical flicker fusion (CFF) 

 3. Simple reaction time (SRT) 

• Visual reaction time  

• Auditory reaction time 

• Tactile reaction time 

 

 

1.5 Scope and limitation of this study 

 

 This research was to investigate the effects of exposure to organic solvents 

on psychological tests which included the Standard Progressive Matrices, Reaction 

time and the Critical flicker fusion test in workers exposed to organic solvents and 

non-exposed workers. 

 This research has the scope and limitation of the study as follows: 

 a) This research was conducted at small paint factory located outside 

industrial estate. 

 b) This research was studied of two organic solvents such as toluene and 

xylene. 

 c) The exposed workers in line process were men or women who working 

in grinding, mixing, filtering and packaging age between 20 to 55 years. 

 d) The 27 healthy subjects working in the office at the same factory 

matched in age with the exposed group and they had not personal disease.  
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1.6 The expecting benefits from this study 

 

 1. The data from this research could be used as evidence to introduce and 

improve the working conditions for employees in the solvents factory and prevented 

morbidity or injury from work. 

  2. The results of this study was useful as a screening test of behavioral 

changes in workers exposed  to organic solvents. 

 3. The results of this study suggest that the information about the factors 

and psychological scores should be offered to the workers so that they have an 

awareness of their health. 

 

 

1.7 Operational definitions  

  

 1.7.1 Intellectual capacity: The power to learn or retain knowledge or a 

person who uses the mind creatively. 

 

 1.7.2 Reasoning ability: The quality of being able to perform thinking 

logically. 

 

 1.7.3 Clear thinking: The quality of being able to think clearly and act 

intelligently. 

 

 1.7.4 Psychomotor speed: The speed that occurred from see signals. It 

registered in the brain that controls the muscles. The brain must then send a signal 

along the nerves to your muscles, telling them to depress the mouse button. 

 

 1.7.5 Fatigue: Temporary loss of strength and energy resulting from hard 

physical or mental work. 

 

 1.7.6 Intelligence quotient: A measure of a person's intelligence as 
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indicated by an intelligence test. 

 

 1.7.7 Response: A bodily process occurring due to the effect of some 

stimulus. 

 

 1.7.8 Exposed group: The workers exposed to organic solvents in a paint 

factory who work in line process and maintenance. 

 

 1.7.9 Non-exposed group: The workers who had never exposed to organic 

solvents and they worked in the office. 

 

 1.7.10 Reaction time: is the time taken between a stimulus and movement. 

Such reaction time depends on nerve connections and signal pathways, performers 

receive stimuli from the eyes, ears and tactile on their position. 

 

 1.7.11 Critical Flicker Fusion (CFF): The flicker fusion threshold is a 

concept in the psychophysics of vision. It is defined as the frequency at which an 

intermittent light stimulus appears to be completely steady to the observer around 

human. Flicker fusion threshold is related to persistence of vision. 

 

 1.7.12 The Standard Progressive Matrices (SPM): is a group or 

individually administered test, was designed to measure a person’s ability to form 

perceptual relations and to reason by analogy independent of language and formal 

schooling, The SPM consists of 60 items arranged in five sets (A, B, C, D, & E) of 12 

items each. In each test item contains a figure with a missing piece. Below the figure 

are either six or eight alternative pieces to complete the figure, only one of which is 

correct.  

 

 1.7.13 Cigarette smoking: The act of smoking tobacco or other 

substances. by exposing it for long periods of time to the smoke   Individuals are 

considered to be daily smokers if they regularly smoke at least one cigarette per day. 

Current smokers include both daily and occasional smokers. 
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 1.7.14 Alcohol consumption: A drink containing ethanol or ingredient in 

alcoholic beverage. 

 

 1.7.15 Duration of work: is defined as all times of working in a paint 

factory.  

 

 1.7.16 Hippuric acid: is a carboxylic acid found in the urine and high 

concentrations of hippuric acid can also indicate a toluene intoxication. When many 

aromatic compounds such as benzoic acid and toluene are taken internally, they are 

converted to hippuric acid by reaction with the amino acid, glycine. 

 

 1.7.17 Level of hippuric acid in urine: This is the metabolite of toluene 

as reported as g/g creatinine. 
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CHAPTER II 

LITERATURE REVIEW 

 

 

2.1 Organic Solvents  

 

 2.1.1 General description (15, 16, 17, 18, 19, 20) 

 Organic solvents are a chemical class of compounds that are used routinely 

in commercial industries. They share a common structure (at least 1 carbon atom and 1 

hydrogen atom), low molecular weight, lipophilicity, and volatility, and they exist in 

liquid form at room temperature. They may be grouped further into aliphatic-chain 

compounds, such as n -hexane, and as aromatic compounds with a 6-carbon ring, such 

as benzene or xylene. Organic solvents are volatile compounds or mixtures that are 

relatively stable chemically and that exist in the liquid state at temperatures of 

approximately 0-250°C. They are widely used in industry in paints, adhesives, glues, 

coatings and degreasing or cleaning agents and in the production of dyes, polymers, 

plastics, textiles, printing inks, agricultural products and pharmaceuticals.  

 Organic solvents caused CNS depression, psychomotor impairment, and 

narcosis are well recognized, chronic effects have also been observed in conjunction 

with long term exposure (29, 86). Several studies have shown that long-term exposure 

may impair functions of the central nervous system such as memory, concentration, 

and perceptual and psychomotor speed and accuracy (25, 26, 27). In paint factory 

toluene and xylene are still major components. 

 

 2.1.2 Toluene (22, 23, 24) 

         a) Major Uses or Sources 

         Toluene occurs naturally as a component of crude oil and is produced in 

petroleum refining and coke oven operations. Toluene is an important industrial 

chemical. It is used as a blending component for automotive fuels, as a chemical 

intermediate, and as a solvent primarily for paints and coatings, printing operations, 
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solvent based cleaning agents and also for inks, adhesives, and pharmaceuticals. 

Benzene and other polycyclic aromatic hydrocarbons are common contaminants of 

toluene. Exposure to toluene can occur in the workplace. Shoemakers, printers and 

individuals who are involved in the production of toluene or toluene containing 

products are at risk of exposure to considerably higher levels of toluene than the 

general population. The deliberate inhalation of products containing toluene such as 

paint, paint thinners and adhesives can lead to exposure to very high toluene levels. 

Long-term solvent abusers are frequently exposed to concentrations exceeding 3750 

mg/m
3
.  

 b) Metabolism 

 Absorption 

 Toluene is absorbed mainly through inhalation of the vapour; skin 

absorption is possible through direct contact with the liquid but is negligible in the 

case of the vapour. Lung absorption of the vapour has been estimated by different 

authors to be 40-60% of the total inhaled amount. 

 Following absorption, toluene is rapidly distributed throughout the body. 

Human and animal inhalation studies have shown high toluene concentrations in 

adipose tissue, bone marrow, adrenals, kidney, liver, brain and blood. 

 Biotransformation 

 Most of the toluene absorbed into the body undergoes rapid 

biotransformation. About 60-80% is metabolized into benzoic acid by oxidation of the 

methyl radical into a carboxylic one. Benzoic acid is then conjugated with glycine to 

form hippuric acid. Only a small fraction of benzoic acid can be conjugated with 

glucuronic acid. This probably occurs only at exposure levels above about 500 mg of 

toluene/m
3
. Less than 1% of absorbed toluene undergoes ring hydroxylation to form o-

cresol, m-cresol and p-creosol, which are excreted in the urine as glucuronide or 

sulphate conjugates. 

 Elimination 

 Toluene is predominantly excreted in the urine as the metabolite, hippuric 

acid. Approximately 7–20% of absorbed toluene is eliminated in air unchanged, and 

only traces (about 0.06%) are excreted unchanged in urine. The concentration of 

toluene in exhaled air decreases rapidly in the first 10 min after the end of exposure. 
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The major metabolite, hippuric acid, is rapidly eliminated in urine. Under usual 

occupational exposure conditions, hippuric acid is eliminated almost entirely 24 hours 

after termination of exposure. However, with a repeated daily 8-h exposure at work, 

followed by a 16-h exposure- free interval, there may be some accumulation of 

hippuric acid during the working week; after the week-end the concentration of 

hippuric acid returns to the pre-exposure value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Toluene metabolic pathway 

 

 c) Effects of human exposures (25, 26, 27, 28, 29, 30, 31, 32) 

 Neurological Effects 

         In recent decades the organic solvent toluene (methylbenzene) has 

emerged as one of the best-studied neurotoxins. Long-term and intense exposure to 

toluene vapours in humans who abuse spray paint and related substances has led to the 

recognition that toluene has a severe impact on central nervous system myelin. Most 

studies reporting adverse effects due to chronic toluene exposures involve either 
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toluene-containing solvent abuse or occupational exposure to toluene. Solvent abusers 

are generally exposed to higher levels of toluene than are workers. A neurotoxic 

effects ranging from frank brain damage to degraded performance on psychometric 

tests which roughly track exposure levels has been observed. Chronic toluene abuse 

has been shown to cause permanent changes in brain structure (loss of grey and white 

matter differentiation; cerebral, cerebellar and brainstem atrophy) which correlated 

with brain dysfunction as measured by magnetic resonance imaging and brainstem 

auditory evoked response evaluations for toxic substances (33, 82, 83, 85). 

 Hepatic Liver  

         Toxicity has been reported in toluene solvent abusers. Eight of 24 solvent 

abusers demonstrated abnormal results in three liver function tests; however, the tests 

used were not specified. The test parameters returned to normal after two weeks of 

toluene abstinence, suggesting that any liver damage caused by toluene abuse in those 

patients was not long lasting. 

 

 2.1.3 Xylene (34, 87) 

 a) Origin of the substance 

         Xylene is produced mainly from crude oil in petrochemical processes. It is 

one of the most widely used chemicals and is found in a number of consumer products 

including solvents, paints or coatings, as a rubber solvent in the tire industry, as a 

solvent in the plastic industry, often in combination with other organic compounds, as 

a solvent in glues and printing inks and as a component of gasoline and fuel oils. 

 Mixed xylenes are comprised of 3 isomers: m-xylene, o-xylene and p-

xylene, with the m-isomer predominating. Ethyl benzene is also present in the 

technical product formulation. The individual isomers are used in the manufacture of 

certain polymers (plastics).  

 b) Metabolism 

 Absorption 

 In occupational exposure, xylene enters the body mainly through the 

respiratory tract. Pulmonary absorption of vapour is similar for all isomers of xylene 

and amounts to 60-70%. It remains relatively constant throughout the whole exposure 

period. Liquid xylene may be absorbed through the intact skin at an average 
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absorption rate of 2.0-2.5 µg/cm
2
/min (range 0.7-4.3 µg/cm

2
/min). The percutaneous 

absorption of xylene vapour is negligible in comparison to that of the liquid. 

 Biotransformation 

 In man, approximately 95% of xylene absorbed is rapidly metabolized and 

the metabolites are excreted in urine; only 3-6% of xylene is exhaled unchanged. The 

main pathway of biotransformation of xylene isomers both in man and in animals is 

the formation of methylbenzoic acid by oxidation of one of the methyl groups, 

followed by its conjugation with glycine to form the corresponding methylhippuric 

acid. Methylhippuric acid represents more than 95% of the metabolized fraction of 

xylene. Hydroxylation of the aromatic ring may also occur in man; however, the 

xylenols produced and excreted represent less than 2% of the absorbed amount of 

xylene. 

 Elimination 

 Over 95% of metabolism involves a pathway of oxidation to methylbenzyl 

alcohol and subsequent reduction, via alcohol dehydrogenase by aldehyde 

dehydrogenase, to methyl benzaldehyde and methyl benzoic (or toluic) acid 

respectively. The latter is excreted in different forms, but predominantly conjugated 

with glycine as toluric or methylhippuric acid which the main metabolic pathway.   

With the o-isomer, however, o-toluic acid is excreted in the free form. A minor 

pathway (at least in animals) involves microsomal oxidation with hydroxylation of the 

aromatic ring to form xylenol, followed by conjugation with sulphate or glucuronic 

acid. Elimination both of the unchanged xylene in exhaled air and of its metabolites in 

urine is rapid and reaches completion within 18 hours after termination of exposure. 

The rate of pulmonary elimination is very rapid during the first 3 hours after exposure 

(half life, 0.5-1.0 h). The major part is exhaled in this period. The postexposure 

excretion of methylhippuric acids is characterized by two phases of exponential 

elimination, the first one over the first few hours after exposure with a half-life 

amounting to 1-2 h, and the second—a slower process with a half-life. In an 8-h 

experimental exposure to a constant concentration of xylene, 71% of the absorbed 

amount was excreted as methylhippuric acid during that period (24% in the last 2 h of 

exposure), the remaining 29% being excreted within 16 h after exposure. The reaction 

pathway for xylene is shown in Figure 2.2 
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 Assay of methylhippuric acid in the urine is a useful marker of xylene 

exposure. With occupational inhalation exposures to xylene, methylhippuric acid 

concentration in the urine at the end of the work shift has been used as a surrogate for 

total dose, to relate to time-averaged exposures over the workday. Analysis of exhaled 

xylene is less useful for monitoring, because blood and breath levels drop more rapidly 

after removal from exposure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 Xylene metabolic pathway 

  

 The narcotic properties of xylene represent the main health hazard. Short-

term exposure to high concentrations of xylene vapour may cause dizziness, 

drowsiness and unconsciousness. Impairment of the central nervous system due to 

long-term occupational exposure can not be excluded. Damage to other organs is less 

likely. It was concluded that toluene and xylene are widely used solvents in different 

industrial areas and have a depressant effect on the central nervous system.  
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 2.1.4 Researchs of behavioral changes in workers exposed to organic 

solvents 

 Lee et al (35) studied on neurobehavioral changes from occupational 

exposure to organic solvents among shipyard painters by running the test of Simple 

Reaction Time (SRT), Symbol Digit Substitution (SD), and Finger Tapping Speed 

(FT) with a computer assisted neurobehavioral test battery. The study group consisted 

of 180 shipyard painters and 60 reference workers. Shipyard painters and the reference 

group showed significant differences in the results of test of SD, FT of dominant hand, 

and FT of non-dominant hand. The test results of SD of shipyard painters also showed 

significant difference by duration of work.  

 Foo et al (36) reported in 1990 that reference (n=30), the exposed (n=30) 

age (5.7±3.2 years) were test on neurobehavioral tests: Benton visual retention test, 

visual reproduction, trail making, grooved pegboard, digit span, digit symbol, finger 

tapping, and simple reaction time. The exposed increased time to complete the trail-

making test parts A&B, 51% & 63%, respectively; 25% decrease in digit symbol test 

performance; 16% decrease in total digit span test scores (both forward and 

backward). The control workers were exposed to 13 ppm toluene for 2.5±3.2 years. 

The education level was lower in the exposed group. As a result, data from the 

neurobehavioral tests were adjusted for years of education using a generalized linear 

model.  

 Arlien-Soborg et al (37) reported that more than 60% of painters with 

long-term solvent exposure (average of 27 years) showed neuroradiological evidence 

of cerebral atrophy and manifested impairments on suditory memory span and on tests 

assessing learning, memory, visuospatial skills and motor speed.  

 Edling et al (38) reported a follow-up study of two group: 65 workers with 

symptoms but no impairment of psychometric test performance impairment and 46 

workers with mild chronic toxic encephalopathy. Those with symptoms alone (type 1 

solvent toxicity) experienced improvement in certain symptoms (depression, 

concentration difficulties and lack of initiative), when the results of the group are 

taken as a whole. Three of the 65 showed persistence of symptoms and deterioration 

of test performance leading to their being diagnosed as having mild chronic toxic 

encephalopathy on the second examination. Those 46 workers with mild chronic toxic 

Copyright by Mahidol University



Chiraporn Kaewnam  Literature Review / 16 

encephalopathy on initial examination showed persistence decrements on follow-up 

testing. 

 Linz (39) and associates studied 15 industrial painters and found 

significant impairments, relative to demographically similar controls, on personality, 

spatial skills, learnin nd memory, attention, and reasoning. Similarly to Morrow et al 

studied on thirty-two solvent-exposed workers with a mean age of 39.7 years. The 

workers had an average exposure duration of 9.0 years. Significant results were found 

between the two groups on four of the five cognitive factors. The workers with a 

history of solvent exposure performed significantly more poorly than nonexposed 

blue-collar control workers on the learning and memory, visuospatial, psychomotor 

speed and manual dexterity and attention and mental flexibility factors. There were, 

however, no statistically reliable differences between the groups on measures of 

general intelligence. 

 Zupanic et al (40) studied on German rotogravure printing plants 278 male 

workers, mean age 39.8 years, mean duration of employment 14.9 years. was found 

for 154 exposed workers (rotogravure printing area) with a mean current exposure of 

24.7 ppm to toluene in ambient air. The corresponding data for a second group of 

124workers with very low exposure (endprocessing area) and a current exposure of 

3.3 ppm toluene. Psychomotor performance (steadiness, line tracing, aiming, tapping, 

and pegboard) and subjective symptoms were examined. Zupanic found no significant 

differences between the two exposure groups were found by analysis of variance 

(ANOVA). Psychomotor performance was mostly affected by age (maximum 

explained variance up to 13%), and handedness (up to 9%), whereas subjective 

symptoms are mostly affected by anxiety (up to 38%). 

 In 1994 Ruijten et al (41) studied long-term exposure to xylene and other 

mixed organic solvents in shipyard spray painters caused impairment of simple visuo-

motor performance and complex perceptual coding, and a relationship between effects 

on perceptual coding and the exposure index was demonstrated. Prevalence of 

neuropsychological symptoms among a cohort of dockyard painters was significantly 

increased compared with a nonpainters. Anshelm (42) investigated the effects on 

central nervous system function of workers in the paint industry who were exposed 

daily to a mixture of organic solvents. Forty-seven solvent exposed workers and   
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forty-seven age matched non-exposed industrial workers were examined before and 

after a work day with a battery of tests including simple reaction time, perceptual 

speed, short-term memory and critical flicker fusion. The studied was found that the 

exposed group who had been occupationally exposed for more than 10 years or were 

exposed to concentrations of solvents clearly above the TLV's at the time of the 

investigation. On the average, the exposed workers performed less well than the non-

exposed group on the tests. The differences were most pronounced for the group 

exposed to higher solvent concentrations. The result could be interpreted as primarily 

due to an acute effect. 

 Neubert et al. (88) reported in 2001 and studied on psychophysiological 

and psychomotor testing, verbal memory, visuomotor performance, immediate visual 

memory, self-rating of feeling, biosensory vigilance, critical flicker fusion frequency 

test, personality dispositions and reported that 5% reduction in ascending flicker 

fusion frequency. However, the duration was not reported. 

 

 2.1.5 Standard of toluene and xylene (43) 

 a) Threshold limit value -time-weighted average (TLV-TWA) 

 The Time-weighted average concentrated for a conventional 8 hour 

workday and 40-hour workday, to which it is believed that nearly all workers may be 

repeatedly, day after day, without adverse effect. 

 

Table 2.1 Threshold limit value (TLV-TWA) of toluene and xylene 

 

(Source: ACGIH; 2006) 

 

 

  

Occupational 

Safety Standards 

Time-weighted average 

toluene (ppm) 

Time-weighted average 

xylene (ppm) 

ACGIH 50 100 

Thailand 200 100 
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 b) Biological Exposure Indices (BEIs)  

 Traditionally, solvent exposure has been evaluated through measurement 

of solvent concentration in ambient air. However, it has been found in that biological 

monitoring in blood or urine affords a far more accurate estimate of exposure. The 

ACGIH has adopted a BEI for this chemical. BEIs provide an indicated of worker 

exposure by measuring the chemical or its breakdown products in the body or by 

measuring biochemical changes resulting from exposure to the chemical.  

 

Table 2.2 Biological exposure indices of toluene and xylene 

 

Specimen Biological Exposure Index 

Toluene  

Hippuric acid in urine 1.6 g/g creatinine 

Toluene in blood 0.05 mg/L 

Xylene  

Methylhippuric acid in urine 1.5 g/g creatinine 

 

(Source: ACGIH; 2006) 

  

 

2.2 Class of solvent neurotoxicity (44, 45)  

 Solvent neurotoxicity has been classified by the 1985 International Solvent 

Workshop as follows: 

 Type 1: (the least severe) Characterised by fatigue, memory impairment, 

irritability, difficulty in concentrating, and mild mood disturbance. This corresponds to 

the WHO classification of organic affective syndrome. It is reversible on removal 

from exposure. 

 Type 2: Symptoms of neurotoxicity and abnormalities of performance on 

neuropsychological testing. Type 2 disorder has been subdivided into: 

 Type 2A: sustained personality or mood change 
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 Type 2B: impairment in intellectual function.This level corresponds to the 

WHO classification of mild chronic toxic encephalopathy. New Zealand research5,6 

and clinical experience suggests that the majority of workers diagnosed as Type 2 

have symptoms from both Types 2A and 2B. It is therefore recommended that these 

two subtypes be collapsed and called Type 2. 

 Type 3: (most severe) Global deterioration in intellectual and memory 

functions (dementia). This corresponds to the WHO classification of severe chronic 

toxic encephalopathy and is usually irreversible. It is the Type 1 and 2 disorders which 

are most likely among solvent-exposed workers. 

 

 

2.3 Psychological tests  

 2.3.1 Standard Progressive Matrices (46, 47, 49, 50) 

 Design and use 

 Standard Progressive Matrices (SPM), was the original form of the 

matrices, first published in 1938, was constructed on the priori assumption that, if 

Spearman’s (1923) principles of noegenesis were correct, it should provide a test 

suitable for comparing people with respect to their immediate capacities for 

observation and clear thinking. 

 The Standard Progressive Matrices is commonly used for measuring non-

verbal intellectual abilities reasoning in the general population. It is a test of a person’s 

capacity at the time of the test to the last to apprehend meaningless figures presented 

for his observation, see the relations between them, conceive the nature of the figure 

completing each system of relations presented, and, by so doing, develop a systematic 

method of reasoning. The scale consists of 60 items arranged in five sets (A, B, C, D, 

& E) of 12 items each (e.g. A1 through to A12), with items within a set are arranged in 

order of increasing difficulty. The five sets provide five opportunities for grasping the 

method and five progressive assessments of a person’s capacity for intellectual 

activity. To ensure sustained interest and freedom from fatigue. The figures in each 

problem are boldly presented, accurately drawn and, as far as possible, pleasing to 

look at. All problems are presented in black ink on a white background. 
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 SPM was designed to cover the widest possible range of mental ability and 

to be equally useful with person of all ages, whatever their education, nationality or 

physical condition. In view of its wide applicability, it was expected to have certain 

limitations. As it was designed to be used with children as well as adults, the first and 

second sets in the scale and the introductory problems of the third and fourth sets 

provide for adults little more than training in the method of working. The scale was 

also designed to provide a reliable estimate of a person’s capacity to think clearly 

when he was allowed to work steadily at his own speed from the beginning to the end 

without interruption. As the five sets of tests forming the scale each begin with easy 

problems and end with difficult ones, it was not expected that the results would be 

highly reliable if the scale was used as a test of intellectual efficiency where a person 

was only allowed a limited time to work and did not necessarily complete the whole of 

the scale before stopping. It was considered that, from the information obtained with 

the standard scale, it would be possible to construct derivatives designed to meet 

particular demands. The scale involves completing a pattern or figure with a part by 

choosing the correct missing piece from among six or eight alternatives. The test can 

be given either as an individual, a self-administered or as a group test that nonverbally. 

A person’s total score provides an index of his intellectual capacity, with relatively 

little influence from the cultural environment or his education. It is used widespread 

international in most countries of the world because the main reasons is the per person 

cost can be much lower, because the test booklets are re-usable. It has among the 

highest predictive validities of any test in most occupational groups and, even more 

importantly, in predicting social mobility, the level of job a person will attain and 

retain.
 
Besides that the correlation between Standard Progressive Matrices raw scores 

and WAIS Full scale IQ is 0.85 standard error from estimating is 9.20 (47,50). 

Realiability: The SPM have been standardized together for representative samples of 

British people, 6 to 65 years of age and for Irish children aged 6 to 12 years of age. 

Validity: Working with adults , SPM to be adequate for the efficient prediction of 

occupational level. The content validity of SPM, measured by the internal consistency 

of the test, varies markedly when different test items are considered, with children 

found an average biserial correlation between SPM items and the combined results of 

three IQ tests, of +0.45; for different test items and correlation of +0.52 for adults. 
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Table 2.3 WAIS IQ equivalents for Progressive Matrices raw scores 

 

Matrices WAIS IQ Matrices WAIS IQ Matrices WAIS IQ 

8 68 26 87 44 106 

9 69 27 88 45 107 

10 70 28 89 46 108 

11 71 29 90 47 109 

12 72 30 91 48 110 

13 73 31 92 49 112 

14 74 32 94 50 113 

15 76 33 95 51 114 

16 77 34 96 52 115 

17 78 35 97 53 116 

18 79 36 98 54 117 

19 80 37 99 55 118 

20 81 38 100 56 119 

21 82 39 101 57 120 

22 83 40 102 58 121 

23 84 41 103 59 122 

24 85 42 104 60 123 

25 86 43 105   

 

(Source: Suwannalerd; 1968) 

 

Table 2.4 The classification of WAIS Intelligence Quotient 

 

IQ Level of Intelligence 

130 and above Very superior 

120-129 Superior 

110-119 High Average 

 

(Psychology: Its principles and applications; 1969) 
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Table 2.4 The classification of WAIS Intelligence Quotient (continued) 

 

IQ Level of Intelligence 

90-109 Average 

80-89 Low Average 

71-79 Borderline Intellectual 

70 and below Mental Retardation 

 

(Psychology: Its principles and applications; 1969) 

 

 2.3.2 Critical flicker fusion (54, 55, 56) 

         Critical flicker frequency (CFF) is the frequency at which a flickering light 

appears steady. It is a sensitive measure for assessing recovery from anaesthesia. The 

CFF is almost always determined with the method of limits by which the flickering 

frequency is progressively decreased (or increased) until the patient reports a change 

from fusion to flicker (or flicker to fusion). The CFF task asseses the integrative 

capacity of the central nervous system (CNS), and more specifically, the ability to 

discriminate discrete 'bits' of sensory information. Subjects are required to 

discriminate flicker from fusion, and vice versa, in a set of four light emitting diodes 

arranged in a one centimetre square. The diodes are held in foveal fixation at a 

distance of one metre. Individual thresholds are determined by the psychophysical 

method of limits on four ascending (flicker to fusion) and four descending (fusion to 

flicker). The mean of these four ascending and descending presentations gives the 

threshold frequency in hertz. CFF has been shown to be sensitive to a variety of 

psychoactive. A decrease in the CFF threshold is indicative of a reduction in the 

overall integrative activity of the CNS.  

         The Critical Flicker Fusion (CFF) test measures the rate at which 

successively presented light stimuli appear to be steady and continuous. This rate, 

expressed in Hz, is commonly referred to as the “threshold frequency” or “threshold”. 

Because the threshold provides a measure of the ability to distinguish discrete sensory 

events, it is thought by some to provide an index of central nervous system (CNS) 

activity or “cortical arousal” (the terms arousal and alertness are presumed 
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interchangeable in this report). The CFF is widely used in the study of human 

behaviour, since it can be administered quickly and easily, and is relatively 

unobtrusive. 

         CFF is commonly applied to the study of fatigue, and for obvious reasons, 

this is an area of human performance of considerable relevance to occupational health 

and safety. Because fatigue is associated with decreased arousal, it might seem 

reasonable to assume that CFF provides a measure of its effects. However, 

examination of the CFF literature reveals that the test appears to be sensitive to a 

variety of factors and there is some controversy surrounding the validity of CFF as a 

one-off measure of either fatigue or, indeed, arousal. 

  2.3.2.1 Factors affecting CFF scores 

  In considering the various factors that may, or may not, 

influence CFF performance it is helpful to draw a distinction between extrinsic and 

intrinsic factors. The first of these categories refers to influences from the environment 

or external events, while the latter refers to (relatively) fixed attributes or traits 

particular to the individual under observation, such as gender, personality, or age. 

   (a) Extrinsic factors 

  The CFF test has been used to investigate human performance 

in relation to a number of environmental factors. These include time of day, sleep 

deprivation, shift-work, overhead lighting, work with visual display terminals, acute 

effects of substances e.g., caffeine, alcohol, prescribed medication. Many of these 

studies have been carried out in the context of occupational health, although CFF has 

also been widely applied in clinical drug trials. 

  (b) Intrinsic factors 

  The intrinsic factors have generally received less attention, 

although CFF has been investigated in relation to age, intelligence, gender. Even 

among the few papers considered for this report, there is too much inconsistency in 

results to make any kind of general statement regarding the impact of individual 

differences upon CFF performance. At this point, it is worth considering the potential 

consequences if CFF really is sensitive to intrinsic as well as extrinsic factors: a 

sensitivity to the former would serve to confound any results obtained with respect to 

assessing the impact of the latter and vice versa. 
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  2.3.2.2 Construct validity of CFF 

  Various suggestions have been put forward as regards the 

mental and physical construct(s) underlying CFF performance. These include cortical 

arousal, fatigue, visual fatigue, visual health, vigilance. 

 

 2.3.3 Simple Reaction Time (57, 58, 59, 60, 61) 

 Reaction time is a very general response measure in psychology. It is the 

time between stimulus presentation and response. The response itself could be any 

behavior, but is often simple and discrete. Reaction time is the ability to respond 

quickly to a stimulus. Simple reaction time is the time taken between a stimulus and 

movement e.g., sprint start. Such simple reaction time depends on nerve connections 

and signal pathways, is 'hard wired' in your body composition and cannot be 

improved. Your brain must then send a signal along the nerves to your muscles, telling 

them to depress the mouse button. Signals travel fast along each of the nerve pathways 

required, however the majority of the reaction time is taken up at the junction points in 

between the different nerves involved, and between the nerves and the muscles at your 

fingers. Tests of concentration and attention assess the ability to orient and sustain 

attention to either visual or auditory stimuli. Tasks of concentration/attention range 

from simple reaction time in response to simple auditory or visual stimuli to more 

complex tasks in which the individual must sustain attention to the target stimulus 

when signal detection tasks. Simple reaction time was the most sensitive test for 

detecting behavioral performance effects due to solvent exposure. 

  2.3.3.1 Mean Reaction Times 

  For about 120 years, the accepted figures for mean simple 

reaction times for college-age individuals have been about 190 ms (0.19 sec) for light 

stimuli and about 160 ms for sound stimuli.  

  a) Type of stimulus 

  Many researchers have confirmed that reaction to sound is 

faster than reaction to light, with mean auditory reaction times being 140-160 ms and 

visual reaction times being 180-200 ms. Perhaps this is because an auditory stimulus 

only takes 8-10 ms to reach the brain, but a visual stimulus takes 20-40 ms. Reaction 

time to touch is intermediate, at 155 ms. Differences in reaction time between these 
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types of stimuli persist whether the subject is asked to make a simple response or a 

complex response.  

  2.3.3.2 Factors influencing reaction Time 

  a) Age  

  Simple reaction time shortens from infancy into the late 20s, 

then increases slowly until the 50s and 60s, and then lengthens faster as the person 

gets into his 70s and beyond. Reaction time also becomes more variable with age and 

with Alzheimer's disease. MacDonald et al (65) found that reaction time variability in 

older adults was usually associated with slower reaction times and worse recognition 

of stimuli, and suggested that variability might be a useful measure of general neural 

integrity. An early study reported that for teenagers age between 15-19 years mean 

reaction times were 187 ms for light stimuli and 158 ms for sound stimuli. 

  b) Gender  

  Almost every age group, males have faster reaction times than 

females. Males use a more complex strategy than females. Barral and Debu (90) found 

that while men were faster than women at aiming at a target, the women were more 

accurate. Kosinki (57) refered to Jevas and Yan (91) who reported that age-related 

deterioration in reaction time was the same in men and women. 

  c) Left vs. right hand  

  The left hemisphere is regarded as the verbal and logical brain, 

and the right hemisphere is thought to govern creativity and spatial relations, among 

other things. Also, the right hemisphere controls the left hand, and the left hemisphere 

controls the right hand. This has made researchers think that the left hand should be 

faster at reaction times involving spatial relationships such as pointing at a target. 

  d) Fatigue  

  Reaction time gets slower when the subject is fatigued. The 

deterioration due to fatigue is more marked when the reaction time task is complicated 

than when it is simple. Mental fatigue, especially sleepiness, has the greatest effect.  

  e) Alcohol  

  The slowing of reaction time by alcohol was due to a slowing 

of muscle activation adult females who drank from one to six cans of beer did not 

Copyright by Mahidol University



Chiraporn Kaewnam  Literature Review / 26 

suffer delayed reaction times the next morning, although they made more errors on a 

choice reaction time task 

  f) Finger Tremors  

  Fingers tremble up and down at the rate of 8-10 cycles/sec, and 

reaction times are faster if the reaction occurs when the finger is already on the 

'downswing' part of the tremor.  

  g) Intelligence  

  Serious mental retardation produces slower and more variable 

reaction times. Among people of normal intelligence 

  h) Personality Type  

  When planning human neurobehavioral research to detect 

exposure effects, the primary factor should be the chemicals to which the target 

subject is exposed. However, it is well known that Iregren and Letz’s recommendation 

Simple Reaction Time should be included in the core set of neurobehavioral tests (60). 

 

 

2.4 Brain structures and their functions 

 The nervous system is a body's decision and communication center. The 

central nervous system (CNS) is made of the brain and the spinal cord and the 

peripheral nervous system (PNS) is made of nerves. Together they control every part 

of the daily life, from breathing and blinking to helping you memorize facts for a test. 

Sensory nerves gather information from the environment, send that info to the spinal 

cord, which then speed the message to the brain. Motor neurons deliver the 

instructions from the brain to the rest of the body. The spinal cord, made of a bundle 

of nerves running up and down the spine, is similar to a superhighway, speeding 

messages to and from the brain at every second. The brain is made of three main parts: 

the forebrain, midbrain, and hindbrain. The forebrain consists of the cerebrum 

(associated with higher brain function such as thought and action), thalamus, and 

hypothalamus. The midbrain consists of the tectum and tegmentum. The hindbrain is 

made of the cerebellum (associated with regulation and coordination of movement, 

posture, and balance), pons and medulla (92). 
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2.5 Process of paint production (62)   

 1. Take the components of color such as pigment resin and solvents into 

weigh station for weigh follow by the statement descriptions. 

 2. Take the ingredients from step 1 into premixing process for mixed with 

others components. This may add the intermediates goods. 

 3. Particles of pigment and others components were decreased on size by 

grinding process. 

 4. Adjustment of consistency by added the additive materials then let down 

 5. Color matching follow by the standard and quality control. 

 6. When quality control had been finished, next step was filtration and can 

filling and cleansing process. The flowchart was illustrated in Figure 2.3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3 Process of paint production 
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CHAPTER III 

MATERIALS AND METHODS 

 

 

3.1 Study design 

 This research aimed to study behavioral changes among workers who 

exposed to organic solvent (toluene and xylene) by occupation. The study designed as 

a cross-sectional study was carried out in one paint factory where toluene and xylene 

was used as major chemical solvent. For this research studied on two groups; the 41 

exposed workers and the 27 non-exposed, age between 20 and 55 years old in a paint 

factory. The control group was selected with the same age as the exposed group. They 

were asked to fill questionnaire by interviewing and collected the urine samples at the 

end of shift after exposure organic solvents. The personal and area air sampling were 

collected in eight hours. The workers were tested with Standard Progressive Matrices, 

Simple reaction time and Critical flicker fusion test. 

 

 

3.2 Sample size and studied group 

 The exposed group consisted of 41 workers at intermediate paint factory 

these workers exposed to various types of organic solvents on their job type such as 

they worked in line process or maintenance. And the control group consisted of 27 

healthy control subjects employed in the same plant who had never been exposed to 

organic solvents and had no disease. Both groups were matched in the same age.  

 

 3.2.1 Criteria of this study 

 - The volunteers had no history of severe brain injury. 

 - The volunteers did not menstruation during the collection of  

    hippuric acid. 

 - The volunteers had not history exposed to fume of heavy metals. 
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3.3 Instrumentation 

 3.3.1 Interview data sheet was used for full filled out with demographic 

characteristics data, a detailed personal, medical history, signs and symptoms of 

exposure, a profile on cigarette smoking, alcohol consumption and using personal 

protective equipment were included. 

 3.3.2 Air sampling for organic solvents (toluene, xylene) consisted of  

  a) Personal sampling pump 

  b) Charcoal tube 

  c) Adjusted flow rate 

  d) Rubber tubing 

  e) Soap bubble meter 

  f) Stop watch 

  g) Gas chromatography (FID) 

  h) Syringes  

  i) Vial  

 Samples of ambient air were analyzed by using a gas chromatography at 

the laboratory of Life and Environment Co.,Ltd. 

 3.3.3 Urine collection for metabolite of toluene consisted of 

  a) Plastic bottle for collecting the urine approximately 50 ml. 

  b) Ice box 

 3.3.4 Neuropsychological tests consisted of 

  a) Standard Progressive Matrices (SPM) 

  b) Simple Reaction timer (SRT) No. SC-34-093 

  c) Digital flicker fusion Model CE 1D Serial No. 11-45-008-31 

 

 

3.4 Data collection 

 3.4.1 All workers were interviewed by a questionnaire consisting of 

general characteristics, subjective symptoms. 

 3.4.2 Air samples were collected from the exposed and control group to 

assessed concentrations of toluene xylene in the working environment. 
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 3.4.3 Biological samples were taken by collecting the urine samples at the 

end of shift after exposure. The urine samples were analyzed for hippuric acid which 

performed by HPLC at the laboratory of Life and Environment Co.,Ltd.  

 3.4.4 The psychological testing consisted of 

  

 a) Standard Progressive Matrices Test (SPM) 

 Instructions for giving the SPM (22, 24) 

Material 

 A set of test books is required. The SPM consists of 60 items arranged in 

five sets (A, B, C, D, and E) of 12 items each. Each item contains a figure with a 

missing piece. Below the figure are either six (sets A and B) or eight (sets C through 

E). A candidate is asked to identify the missing segment required to complete a larger 

pattern. Each person requires a record form and pencil. Illustrations of the record form 

and test A1.  

Procedure 

 The people to be tested are asked to fill in particulars about themselves on 

the record form. When this has been done the test books are given out. The person in 

charge says: “Open your books to the first page.” He opens a book for the group to see. 

“At the upper figure he says Set A and on your scoring form you have a column A 

here. This is A1. The upper part is a pattern with a bit missing. Each of these bits 

below (he points to each in turn) is the right shape to fit the space, but they do not all 

complete the pattern. Number 1 (he points to the bit and then to the pattern) is quite 

the wrong pattern. Number 2 and 3 are wrong-they are not the right pattern. What  

about number 6?. It is the right pattern (he illustrates that the pattern is the same as the 

pattern above). Put your finger on the one that is quite right.” The person in charge 

notices if this is done correctly. If necessary he gives further explanation and then says: 

“Yes. Number 4 is the right one. So the answer to A1 is 4- write 4 here, against 

number 1 in column A on your scoring form. Do not turn over yet.” The person in 

charge waits for everyone to finish and continues: “On every page in your book there 

is a pattern with missing. You have to decide each time which of the bits below is the 

right one to complete the pattern above. When you have found the right bit you write 

the number of it down on your scoring form against the number of the pattern. They 
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are simple at the beginning and get harder as you go on. If you pay attention to the 

way the easy ones go, you will find the later ones less difficult. Work at your own 

pace. Do not miss any out. Do not turn back. See how many your can get right. You 

can have as much time as you like. Turn over and do the next one” 

 When sufficient time has been allowed for everyone to write down the 

answer to A2, the person in charge says: “The right one of course is number 5, See 

that you have written the figure 5 against number 2 in Column A on your form. Go on 

like that by yourselves until you get to the end of the book.  

  

 b) Critical Flicker Fusion (CFF) 

 This study had measurement of fatigue of the nervous system. Therefore, 

the researcher has selected critical flicker instrument which is very suitable and 

convenient for practice in the factory. 

 The equipment used to measure the critical fusion frequency in this 

research is the Digital Flicker test model  CE 1D serial No. 11-45-008-31.  

 Testing on flicker consists of the following steps. 

 1. Adjust the button to DC source for using power from battery and switch 

on then the researcher adjusted the knob at low frequency. 

 2. Allow the subject to sit in proper position to see objects with two eyes. 

After that the blinking yellow spots were showed in the middle of the monitor bulb. 

 3. Allow the subject to use a hand to adjust the knob which is at right 

position of the flicker to increase frequency and stop the knob immediately when the 

smooth yellow spots were showed. 

 4. The researcher recorded the value and allowed the subject to start the 

next experimentation immediately. The number of testing which the subject should be 

tested were 3 times and the average value of each person must be selected. 

 5. Follow steps 2 to 4 again but in this practice the subject was tested at 

high frequency and allow the subject to adjust the knob to decrease frequency and the 

blinking yellow spots were showed in the middle of the monitor bulb.  

  

 

 

Copyright by Mahidol University



Chiraporn Kaewnam  Materials and Methods / 32 

 c) Simple Reaction Time (SRT) 

 A reaction timer consisted of: 

- The starting, stopping and resetting switches. 

- A adjusted switch 1/1000 second digital timer.  

- A stimulus of 1,000 Hz and 40 dB sound was generated by speaker which linked to 

the circuit of the timer. 

- A red light stimulus which linked to the circuit of the timer. 

- A switch for tactile stimulation which linked to the circuit of the timer. 

- A stop button that was pressed when the performer receive the stimuli. 

 The subject was familiarized before starting the experimentation by the 

first 3 responses of each of reaction time were not recorded. The procedure for testing 

on reaction time were as follows:  

 1. Allow the subject to sit in proper position to see the red light in the 

convenient and quiet room. Make sure that did not disturbance. 

 2. Before each stimulus was switched on, the researcher said a verbal 

warning e.g. “ready” for a few second before each stimulus was started. After that the 

subjects have to press the stop switch with the dominant finger as quickly as possible 

when he had seen the red light. This is a visual reaction time. 

 3. The number of testing which the subject should be tested were 10 times 

and the average value of each person must be selected. 

 4. Make step 1 to 3 for reaction time of auditory and tactile at posterior C7 

position (cervical segment 7). 

 

 

3.5 Data analysis  

 All statistical analysis were carried out using SPSS statistical software 

(SPSS for windows, version 15.0). The data were analyzed by using the following 

statistics. 

 3.5.1 Descriptive Statistics consist of percentage, mean and standard 

deviation described the characteristics of studied population. 
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 3.5.2 To compare the means of two groups of data by t-test and paired      

t-test for comparison before and after experiment. 

 3.5.3 The relationships between hippuric acid in urine and psychological 

tests were analyzed by Pearson’s correlation. 

 3.5.4 The relationships between neuropsychological tests and studied 

factors were analyzed by Pearson’s correlation, Fisher’s Exact test, Spearman rank 

correlation and differences in measured factors among the four groups were analyzed 

with Kruskal-Wallis test. 

 3.5.5 To use the stepwise multiple regression method for the trend of 

multiples variables. 
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CHAPTER IV 

RESULTS 

 

 

 Forty one workers from a paint industry who had daily exposure to the 

mixture of organic solvents were selected as exposed group. And twenty seven 

industrial healthy workers who working in the office and had never been exposed to 

organic solvents were selected as non-exposed group. All subjects were asked to fill 

out a questionnaire, measured the levels of hippuric acid in urine, personal and area 

air sampling were collected and the subjects were examined with psychological tests 

including standard progressive matrices, simple reaction time and critical flicker 

fusion test. This chapter presented the results of the study which include characteristic 

of study groups. The results were presented into six parts as follows:  

4.1 Characteristics of the subjects 

4.2 Health status of the workers 

4.3 The levels of hippuric acid in urine  

4.4 Psychological tests  

4.5 The relationship between hippuric acid and psychological tests 

4.6 Factor affected to psychological tests and hippuric acid in the exposed group  

4.7 Toluene and xylene concentrations in air 

 

 

4.1 Characteristics of the Subjects 

 The personal characteristics of the exposed group and non-exposed group 

including sex, age, education level, duration of work, the overtime, smoking 

consumption, quantity of alcohol consumption and frequency of alcohol consumption 

that were tested by statistics are presented in Table 4.1.  

 A) Sex 

 The exposed group was male 90.2% and female 9.8%. The non-exposed 

group was male 37.0% and female 63.0%.  
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 B) Age 

 The exposed group aged between 20 to 45 years old, with average of 

28.5±6.0years. The non-exposed group aged between 23 to 40, with average of  

29.1±4.6 years.  

 C) Educational level 

 The majority of exposed group were secondary school graduates (68.3%). 

Following 19.5% of them by higher secondary school graduates. For the non-exposed 

group, the majority were higher secondary school (63.0%). Following 29.6% of them 

were secondary school. The smallest numbers of both groups were primary school 

12.2% and 7.4% respectively.   

 D) Duration of work (years)  

 The majority of the exposed group and non-exposed group had the 

duration of work between 1-5 years (43.9% of exposed group and 44.4% of non-

exposed group). Following by 5-10 years (approximately=26.8%) of exposed group 

and 37% of non-exposed group respectively. In exposed group who had duration of 

work less than 1 year approximately equaled to 14.6% this amounts were as same as 

more than 10 years group. The smallest group of non-exposed who had duration of 

work more than 1 year approximately equaled to 3.7%. The average duration of work 

among the exposed group and the non-exposed group were 5.5±4.6 years and 4.6±3.0 

years respectively. The minimum and maximum of both groups were 4 months to 

22.7 years for the exposed group and 4 months to 13 years for the non-exposed group.   

 E) The overtime 

 In exposed group 51.2% of them had the overtime 1-3 days per week. 

Following by the non overtime group (26.8%) and 22% of them had the overtime 

more than 3 days per week. For the non-exposed group 44.4% of them had the 

overtime more than 3 days per week and 29.6% of them had no the overtime and 

25.9% of them had the overtime 1-3 days per week. The average of the overtime of 

both groups were 2.2±1.8 days per week of the exposed group and 2.7±2.3 days per 

week of the non-exposed group. 

 F) Smoking consumption 

 Smoking consumption divided into 3 groups. 53.7% of the exposed group 

were non-smokers while the second largest group approximately equaled to 41.5% 

Copyright by Mahidol University



Chiraporn  Kaewnam                Results / 36 

consumed 1-10 cigarettes per day. The smallest group consumed 11-20 cigarettes per 

day (approximate = 4.9%). For the non-exposed group 85.2% of them were non-

smokers and 11.1% of them consumed 1-10 cigarettes per day and 3.7% of them 

consumed 11-20 cigarettes per day. The average of smoking consumption were 

3.1±4.9 and 0.96±3.1 cigarettes per day of the exposed group and non-exposed group 

respectively. 

 G) Quantity of alcohol consumption 

 In the exposed group 26.8% of them were non-alcoholic drinkers, 24.4% 

of them consumed alcohol 1-3 drinks and 19.5% of them consumed alcohol 4-6 drinks 

this amounts approximately equaled to 7-9 drink group and 9.8% of them consumed 

more than 9 drinks. In the non-exposed group 66.7% of them were non-alcoholic 

drinkers, 17.8% of them consumed alcohol 4-6 drinks, 7.4% of them consumed 

alcohol 1-3 drinks and more than 9 drinks. The smallest group of them consumed 

alcohol 7-9 drinks which approximately equaled to 3.7%. The average of quantity of 

alcohol consumption in both groups were 4.12±3.6 drinks and 1.8±3.3 drinks of the 

exposed and the non-exposed group respectively.  

 H) Frequency of alcohol consumption 

 Frequency of alcohol consumption divided into 5 groups. The largest 

group consumed alcohol 2-4 times per month. While 26.8% of them were non-

alcoholic drinkers. The monthly or less than one month were 19.5% and 12.2% of 

them consumed alcohol 2-3 times per week. The smallest group (9.8%) of them 

consumed alcohol 4 times or more per week. For the non-exposed group 66.7% of 

them were non-alcoholic drinker and 18.5% of them consumed alcohol 2-4 times per 

month. The smallest group (14.8%) consumed alcohol monthly or less than one 

month.  

 I) Vision 

 The exposed group were normal vision 75.6% and abnormal vision were 

24.4%. For the non-exposed group were normal vision 48.1% and abnormal vision 

were 51.9%. 

 From interviewing, it was found that the workers had not exposed to 

heavy metals before they worked in this paint factory. 
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Table 4.1 Demographic characteristics of the exposed group and the non-exposed 

group.  

 

Exposed group Non-exposed group  Personal characteristics 

N % N % 

Number of case 41 27 

1. Sex     

Male 37 90.2 10 37 

Female 4 9.8 17 63 

2. Age (years)     

≤30 27 65.9 18 66.7 

>30 14 34.1 9 33.3 

Mean (SD) 28.5 (6.0)  29.1 (4.6)  

Minimum/maximum 20/45  23/40  

3. Education level     

Primary school 5 12.2 2 7.4 

Secondary school 28 68.3 8 29.6 

Higher Secondary school 8 19.5 17 63 

4. Duration of work (years)      

<1  6 14.6 4 14.8 

1-5 18 43.9 12 44.4 

5-10 11 26.8 10 37 

>10 6 14.6 1 3.7 

Mean (SD) 5.4 (4.6)  4.6 (3.1)  

Minimum/maximum 0.4/22.7  0.4/13  

5. The overtime     

Never 11 26.8 8 29.6 

1-3 days/week 21 51.2 7 25.9 

More than 3 days/week 9 22 12 44.4 

Mean (SD) 2.2 (1.8)  2.7 (2.3)  

Minimum/maximum 0/5  0/6  
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Table 4.1 Demographic characteristics of the exposed group and the non-exposed 

group (continued) 

 

Exposed group Non-exposed group  Personal characteristics 

N % N % 

6. Cigarette smoking   

(cigarette/day)     

Never 22 53.7 23 85.2 

1-10 17 41.5 3 11.1 

11-20 2 4.9 1 3.7 

Mean (SD) 3.1 (4.9)  0.96 (3.1)  

Minimum/maximum 0/20  0/15  

7. Quantity of alcohol 

consumption 

    

0 11 26.8 18 66.7 

1-3 10 24.4 2 7.4 

4-6 8 19.5 4 14.8 

7-9 8 19.5 1 3.7 

>9 4 9.8 2 7.4 

Mean (SD) 4.12 (3.6)  1.8 (3.3)  

Minimum/maximum 0/13  0/12  

8.Frequency of alcohol 

consumption 

    

Never 11 26.8 18 66.7 

Monthly or less 8 19.5 4 14.8 

2-4 times per month 13 31.7 5 18.5 

2-3 times per week 5 12.2 0 0 

4 times or more per week 4 9.8 0 0 

9. Vision      

Normal 31 75.6 13 48.1 

Abnormal 10 24.4 14 51.9 
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4.2 Health status of the workers 

 

 4.2.1 The Health characteristics 

 The results in Table 4.2 showed that the signs and symptoms of workers 

who had worked in paint industry. In the past, the exposed group had headache 7.3%, 

dizziness (7.3%), nausea (2.4%), drowsiness (2.4%) and had memory problem 

(2.4%). For the present time, the exposed group had headache (14.6%), dizziness 

(17.1%), drowsiness (9.8%), fatigue (46.3%), memory problem (12.2%), difficulty in 

concentration (22.2%), poor verbal (2.4%) and irritability (12.2%). 

 

Table 4.2 Signs and symptoms of the exposed subjects 

 

In the past The present 
Signs and symptoms 

N % N % 

Number of case 41 100 41 100 

Headache 3 7.3 6 14.6 

Dizziness 3 7.3 7 17.1 

Nausea 1 2.4 0 0 

Drowsiness 1 2.4 4 9.8 

Fatigue 0 0 19 46.3 

Memory problem 1 2.4 5 12.2 

Difficulty in concentration 0 0 9 22.2 

Poor verbal 0 0 1 2.4 

Irritability 0 0 5 12.2 

Tremors 0 0 0 0 

Paraesthesis 0 0 0 0 

Brain injury 0 0 0 0 

 

 4.2.2 Personal protective devices used in workplace 

 Consideration of using personal protective equipment and performance, it 

was found that 48.8% of them sometimes use the gloves and always use the gloves 

Copyright by Mahidol University



Chiraporn  Kaewnam                Results / 40 

(14.6%). For the organic vapor respirator, it was found that the workers had never 

used the organic vapor respirator (63.4%), sometimes use the organic vapor respirator 

(24.4%) and always use approximately equaled 51.2%. For the hygienic mask, the 

workers had never used approximately equaled 9.8%, sometimes use the hygienic 

mask (63.4%) and always use the hygienic mask (26.8%).        

 

Table 4.3 Personal protective devices used in the workplace 

 

Variables Number of subject Percentage 

Number of case 41 100 

Gloves   

- Never 0 0 

- Sometimes 20 48.8 

- Always 21 51.2 

Organic vapor respirator   

- Never 26 63.4 

- Sometimes 10 24.4 

- Always 5 12.2 

Hygienic mask   

- Never 4 9.8 

- Sometimes 26 63.4 

- Always 11 26.8 

 

 

4.3 The levels of hippuric acid in urine 

  The levels of hippuric acid in urine were collected and calculated 

according method. The mean concentrations of hippuric acid that were collected on 

morning before started the process in the exposed group were 0.1858±0.1236 g/g 

creatinine and the non-exposed group were 0.2369±0.0976 g/g creatinine respectively. 

The results from the statistics showed that they were not statistically significant 

difference at p=0.093. The comparison of the mean concentrations of hippuric acid at 
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the end of shift of both groups, they were not statistically significant difference at          

p= 0.067. The results of hippuric acid are shown in Table 4.4 and Figure 4.1. 

 

Table 4.4 Comparison of the hippuric acid between the exposed group and the non-

exposed group 

 

Hippuric acid 

(g/g creatinine) 
Exposed group 

Non-exposed 

group 
t-test df p-value

1
 

Total samples 

1. Hippuric acid before 

starting  the work   

Mean±S.D.  

2. Hippuric acid at the 

end of shift  

Mean±S.D.  

37 

 

 

0.1858±0.1236 

 

 

0.2503±0.1245 

24 

 

 

0.2369±0.0976 

 

 

0.2068±0.0685 

 

 

 

1.707 

 

 

-1.866 

 

 

 

59 

 

 

58 

 

 

 

0.093 

 

 

0.067 

 

Remarks: 1=Level of significant at α= 0.05 

 

 The comparison of the mean concentrations of hippuric acid that were 

collected at the morning before started the process and at the end of shift, they were 

statistically significant difference at p=0.049. The results of these comparisons are 

shown in Table 4.5.  
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Table 4.5 Comparison of hippuric acid before starting the work and at the end of shift 

of the exposed group 

 

Exposed 

group 

Hippuric acid  

before starting 

work   

(g/g creatinine) 

Hippuric acid 

at end of shift   

(g/g creatinine) 
pair t-test df p-value 

Total samples 

Mean±S.D.  

37 

0.1858±0.1236 

37 

0.2503±0.1245 

 

-2.038 

 

36 

 

0.049* 

 

Remarks: * = Level of significant at α = 0.05 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Figure 4.1 Comparison of hippuric acid between the exposed group and the non-

exposed group 
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4.4 Psychological tests 

 The average score of standard progressive matrices (SPM) test and IQ in 

the exposed group was 37.34 points and 99.15 respectively. For the non-exposed 

group the average score of SPM test and IQ was 43.07 points and 105.26 respectively. 

The average score of SPM test and IQ test in the exposed group was lower than the 

non-exposed group. The mean of this test showed statistically significant difference at       

p=0.009. 

 The reaction time on visual, auditory and tactile stimuli in the exposed 

group were higher than the non-exposed group. On visual stimulus of the exposed 

group was 211.6 ms and the non-exposed group was 177 ms. The reaction time on 

auditory stimulus in the exposed group was 198.9 ms for the non-exposed group was 

169.6 ms. The reaction time on tactile stimulus in the exposed group was 159.9 ms 

and the non-exposed group was 123.3 ms.  The mean of this test showed statistically 

significant difference at p<0.001. 

 The results of CFF showed that they were not statistically significantly 

difference (see Table 4.6). 

 

Table 4.6 Comparison of psychological scores between the exposed group and the 

non-exposed group 

 

Psychological tests Exposed 

group 

Non-exposed 

group 

t-test df p-value 

Number of case 41 27    

1. Standard 

Progressive Matrices 

(SPM) 

     

Mean±S.D. 37.3 ± 9.6 43.1 ± 6.8 2.687 66 0.009* 

2. IQ      

Mean ± S.D. 99.1 ± 10.2 105.3 ± 7.2 2.692 66 0.009* 
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Table 4.6 Comparison of psychological scores between the exposed group and the 

non-exposed group (continued) 

 

Psychological tests Exposed 

group 

Non-exposed 

group 

t-test df p-value 

3. Reaction Time      

- Visual      

Mean ±S.D. 211.6±37.3  177.0±20.9 -4.888 65 <0.001* 

- Auditory      

Mean ±S.D. 198.9±40.4 169.6±16.2 -4.161 57 <0.001* 

- Tactile      

Mean ±S.D. 159.9±37.4 123.3±13.8 -5.708 55 <0.001* 

4. Critical Flicker 

Fusion (CFF) 

     

- Low to High freq.      

Mean±S.D. 38.7±3.3 37.9±2.4 -1.067 66 0.290 

- High to Low freq.      

Mean±S.D. 38.3±2.6 38.0±2.3 -0.481 66 0.632 

 

Remarks: * = Level of significant at α= 0.05 

 

 

4.5 The relationship between hippuric acid and psychological tests 

 The results in Table 4.7 showed the correlation of hippuric acid in urine 

and psychological tests. It was found that only tactile response was statistically 

significant difference at p=0.042. The values from tactile response and the hippuric 

acid had correlation in the positive direction. 
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Table 4.7 The relationships between hippuric acid and psychological tests  

 

Psychological tests Correlation coefficient p-value
a
 

SPM -0.151 0.373 

IQ -0.143 0.398 

SRT-visual response 0.174 0.303 

SRT-auditory response 0.239 0.155 

SRT-tactile response 0.336 0.042* 

CFF- Low to High frequency -0.082 0.628 

       - High to Low frequency -0.124 0.463 

 
Remarks: a= Pearson’s correlation 

                *= Level of significant at α= 0.05 

 

 

4.6 Factor affected to psychological tests and hippuric acid in the 

exposed group  

 The results from table 4.8 showed personal factors and behavior of using 

PPE that affected to SPM, SRT and CFF in the exposed group were determined by 

chi-square, correlation and Kurskal Wallis test. 

 The age was associated with SPM, IQ, visual, auditory and tactile scores 

excepted CFF values. The divisions had association with visual, auditory and tactile 

scores. Educational level was found that it had association with SPM, IQ and SRT 

excepted CFF. For the duration of work was found that it had association with SPM 

and IQ scores. Quantity of alcohol consumption had associated with all type of SRT. 

For the gloves had association with all type of SRT and CFF from high to low 

frequency. 
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Table 4.8 The association between the personal factors and psychological tests 

  

Factors Statistic SPM IQ Visual   Auditory  Tactile 
Low-

high 

High-

low 

Sex
a
 p-value 0.639 0.678 0.639 0.467 0.322 0.542 0.418 

Age
b
 r 

p-value 

-0.452 

0.003 

** 

-0.445 

0.004 

** 

0.367 

0.018 

* 

0.415 

0.007 

** 

0.440 

0.004 

* 

-0.146 

0.362 

-0.096 

0.552 

Division
c
 χ

2
 

df 

p-value 

10.142 

5 

0.071 

10.142 

5 

0.071 

15.157 

5 

0.010* 

11.544 

5 

0.042* 

12.494 

5 

0.029* 

2.509 

5 

0.775 

5.867 

5 

0.319 

Education 

level
d
 

r 

p-value 

0.539 

<0.001 

** 

0.539 

<0.001 

** 

-0.403 

0.009 

** 

-0.420 

0.006 

** 

-0.461 

0.002 

** 

-0.131 

0.415 

0.022 

0.889 

Duration of 

work
d
 

r 

p-value 

-0.451 

0.003 

** 

-0.451 

0.003 

** 

0.199 

0.213 

0.306 

0.052 

0.305 

0.053 

-0.133 

0.406 

-0.062 

0.698 

Cigarette 

smoking
d
 

r 

p-value 

0.257 

0.105 

0.257 

0.105 

-0.087 

0.588 

-0.074 

0.646 

-0.143 

0.372 

-0.011 

0.944 

0.067 

0.678 

Quantity of 

alcohol 

consumption
d
 

r 

p-value 

-0.294 

0.062 

-0.233 

0.142 

0.479 

0.002 

** 

0.426 

0.005 

** 

0.327 

0.037 

* 

-0.149 

0.352 

-0.055 

0.731 

Frequency of 

alcohol 

consumption
d
 

r 

p-value 

-0.146 

0.363 

-0.222 

0.069 

0.233 

0.142 

0.273 

0.085 

0.172 

0.282 

-0.190 

0.234 

-0.157 

0.326 

Gloves
d
 r 

p-value 

-0.151 

0.347 

-0.151 

0.347 

0.332 

0.034* 

0.334 

0.033* 

0.351 

0.025* 

-0.252 

0.112 

-0.433 

0.005** 

Organic vapor 

respirator
d
 

r 

p-value 

0.111 

0.489 

0.111 

0.489 

-0.232 

0.144 

-0.142 

0.376 

-0.129 

0.422 

-0.136 

0.397 

-0.105 

0.515 

Hygiene 

mask
d
  

r 

p-value 

-0.221 

0.165 

-0.221 

0.165 

0.220 

0.166 

0.137 

0.395 

0.173 

0.279 

-0.187 

0.241 

-0.227 

0.153 

 
Remarks: a= Fisher’s Exact test  b= Pearson’s correlation  

 c= Kurskal Wallis test  d= Spearman rank correlation 

                *= significant at the 0.05 level ** = significant at the 0.01 level 
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 The results from table 4.9 showed personal factors and behavior of using 

PPE that affected to hippuric acid in exposed group were determined by Fisher’s 

Exactt test, correlation and Kurskal Wallis test. The results showed that they were not 

statistically significant between the personal factors and hippuric acid.  

 

Table 4.9 The association between the personal factors and hippuric acid.  

 

Factors Statistic Hippuric acid 

Sex
a
 p-value 0.456 

Age
b
 r 

p-value 

0.088 

0.605 

Divisions
c 
 χ

2
 

df 

p-value 

3.890 

5 

0.565 

Educational level
d
 r 

p-value 

-0.088 

0.605 

Duration of work
d
 r 

p-value 

-0.313 

0.059 

Cigarette smoking
d
 r 

p-value 

-0.143 

0.397 

Quantity of alcohol 

consumption
d
 

r 

p-value 

-0.094 

0.582 

Frequency of alcohol 

consumption
d
 

r 

p-value 

-0.152 

0.370 

Gloves
d
 r 

p-value 

0.137 

0.420 

Organic vapor respirator
d
 r 

p-value 

0.019 

0.912 

Hygiene mask
d
 r 

p-value 

0.251 

0.133 

 

Remarks: a= Fisher’s Exact test b= Pearson’s correlation   

 c= Kurskal Wallis test d= Spearman rank correlation  
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 The results from Table 4.10 showed conclusion of factors that affected to 

SPM, SRT and CFF in the exposed group. Factors that associated with SPM were age 

(p<0.003), the educational level (p<0.001) and the duration of work (p=0.003) 

respectively. Factors that associated with IQ were age (p=0.004), the educational level 

(p<0.001) and the duration of work (p=0.003). Factors associated with visual scores 

were age (p=0.018), the divisions (p=0.010), the educational level (p=0.009), the 

quantity of alcohol consumption (p=0.002) and using gloves (p=0.034) respectively. 

Factors associated with auditory scores were age (p=0.007), the divisions (p=0.042) 

the educational level (p=0.006), the quantity of alcohol consumption (p=0.005) and 

using gloves (p=0.033) respectively. Factors associated with tactile scores were age 

(p=0.004), the division (p=0.029), the educational level (p=0.002), the quantity of 

alcohol consumption (p=0.037) and using gloves (p=0.025) respectively. Factors 

associated with CFF values from high to low frequency was using gloves (p=0.005). 

 

Table 4.10 Conclusion of personal factors associated with psychological tests 

 

Psychological 

tests 
Factors χ

2
 df r p-value 

SPM 

 

Age 

Education level 

Duration of work 

  

 

 

 

� 

� 

� 

0.003 

<0.001 

0.003 

IQ 

 

Age 

Education level  

Duration of work  

 

 

 

 

 

� 

� 

� 

0.004 

<0.001 

0.003 

Visual 

 

Age 

Division 

Education level  

Quantity of alcohol consumption 

Gloves 

 

� 

 

 

 

 

5 

 

� 

 

� 

� 

� 

0.018 

0.010 

0.009 

0.002 

0.034 
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Table 4.10 Conclusion of personal factors associated with psychological tests 

(continued) 

 

Psychological 

tests 
Factors χ

2
 df r p-value 

Auditory 

 

Age 

Division 

Education level  

Quantity of alcohol consumption 

Gloves 

 

� 

 

 

5 

 

� 

 

� 

� 

� 

0.007 

0.042 

0.006 

0.005 

0.033 

Tactile 

 

Age 

Division 

Education level  

Quantity of alcohol consumption 

Gloves 

 

� 

 

 

 

5 

 

� 

 

� 

� 

� 

0.004 

0.029 

0.002 

0.037 

0.025 

High to low 

frequency 

Gloves 

 

  
 

� 0.005 

  

 The multiple regression analysis was performed in order to determine the 

high influencing factors associated with psychological scores after the adjustment of 

other variables then analyzed by stepwise method. Table 4.11 showed results between 

the factors which had association with the psychological scores. The association was 

done by using multiple regression after limiting the influence of other variables.  

 After controlling the effect of other factors, the most powerful factor 

associated with SPM scores was education level (34.6%). 

 After controlling the effect of other factors, the most powerful factor 

associated with IQ scores was education level (34.7%). 

 After controlling the effect of other factors, the most powerful factor 

associated with visual scores was quantity of alcohol consumption (21.2%). For 

auditory scores, the most powerful factor associated with auditory scores was alcohol 

consumption (19.9%), followed by age (6.8%). For tactile scores, the most powerful 
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factor associated with tactile scores was age (18.6%), followed by alcohol 

consumption (7.8%). The least powerful associated factors was hippuric acid (7.0%). 

  Gloves were associated with CFF value from high to low frequency after 

analyzing by stepwise method. Gloves were the most powerful factor with CFF values 

(13.8%). 

 

Table 4.11 Comparison between the influenced factors and adjusted r square. 

 

Psychological 

tests 
Order Influenced factors r

2
 % difference of r

2
 

SPM 1 Education level 0.346 34.6 

IQ 1 Education level 0.347 34.7 

Visual stimulus 1 

 

Quantity of alcohol 

consumption 

0.207 

 

20.7 

Auditory stimulus 1 

 

2 

Quantity of alcohol 

consumption 

Age 

0.199 

 

0.267 

19.9 

 

6.8 

Tactile stimulus 1 

3 

2 

Age 

Hippuric acid 

Alcohol consumption 

0.186 

0.256 

0.334 

18.6 

7.0 

7.8 

High to Low freq. 1 Gloves 0.138 13.8 

 

 

4.7 Toluene and xylene concentrations in air 

 The results from Table 4.12 showed concentration of toluene and xylene 

of each division. For printing ink the worker exposed to toluene and xylene at 0.260 

ppm and 0.577 ppm respectively. Spraying paint for motorcycle division, the worker 

exposed to toluene and xylene at 1.358 ppm and 2.332 ppm respectively. In coating 

paint division, the vapor of toluene and xylene in ambient air were 1.060 ppm and 

1.070 ppm respectively and the vapor of toluene and xylene in spraying paint for 

plastic division were 10.279 ppm and 2.490 ppm respectively. Consideration of the 
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concentrations of toluene and xylene which collected by area sampling and personal 

sampling when compare to the ACGIH standards these concentrations were below the 

limits.  

 

Table 4.12 Toluene and xylene concentrations in air 

 

Division/Person Toluene (ppm) Xylene (ppm) Sampling 

Printing ink  0.260 0.577 Area 

Spraying paint for motorcycle 1.358 2.332 Area 

Coating paint  1.060 1.070 Area 

Spraying paint for plastic 1.925 0.301 Area 

Person worked in printing ink  0.279 0.479 Personal 

Person worked in coating paint  1.64 0.458 Personal 

Person worked in spraying paint 

for plastic  

10.279 2.490 Personal 
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CHAPTER V 

DISCUSSION 

 

 

 In this chapter was divided into two parts of discussion. Part 1 was the 

discussion of study design. Part 2 was the discussion of the results. 

 

 

5.1 Discussion of study design 

 

 5.1.1 Systematic errors 

 a) Personal error: In this research had small sample of exposed group 

because the factory was intermediate plant and for this experiment the subjects had to 

examined on several psychological tests. Each test was taken for a long times, this test 

might be interrupted to the duty of work of the workers. Also the worker did not know 

about psychological tests before. The errors may occur from unfamiliarize with the  

tests.  

 b) Method error: The error can be occurred from collection samples. In 

procedure of urine samples collecting, some subjects did not excreted urine before 

starting the work because he forgot or it was not a time to excrete. Some subjects sent 

the urine specimen lately. These may affected to the results of hippuric acid and when 

urine samples had been collected they were not analyzed immediately. However, those 

samples were storaged at -20°c for 1 month before analysis.  

 c) Instrument error: The subjects had never used psychological tests 

before. This reason may be lead to did not understand about the tests. However, the 

researcher explained these clearly before the experiment. The error can be occurred 

from Critical Flicker Fusion that used in this experiment because the instrument was 

rather old. The instrument for air sampling--personal sampling pump had problem 

during air sampling. The flow rate dropped for a long time and many times. However, 

the researcher tried to check and correct them during the sampling time. A 
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questionnaire that was used in this experiment established by the researcher may be 

complicated and the subjects did not understand clearly. However, the researcher 

attempted or reviewed and approved from advisor and during the data collection the 

researcher explained clearly to the workers.  

 

 

5.2 Discussion of the results 

 

 5.2.1 Discussion on psychological tests 

 On average scores of SPM, the exposed group performed poorly when 

compared with the non-exposed group. This related to Kumar et al (64) reported in 

1988 that were found intellectual capacity and psychomotor ability were also 

significantly affected P<0.01. 

 On average scores of reaction time, the exposed workers performed  

slower than the non-exposed group on reaction time of visual, auditory and tactile 

stimului. Consideration of reaction time testing, it was found that the tactile reaction 

time was the shortest follow by auditory and visual reaction time. This related to 

Bergitta (42, 66) who reported that the results of both groups showed reaction times to 

the auditory stimulus were shorter than the reaction times to the visual stimulus and 

reaction time to the tactile stimulus was the shortest because tactile stimulus was 

pressed at cervical segment 7 which nearly located of the brain thus the response from 

this stimulus might be shorter than auditory and visual stimuli.  

 In the results of RT showed that the exposed group had slower times than 

the non-exposed group on visual, auditory and tactile stimuli and the results showed 

significant differences at p<0.001. This finding was related to Linstrom et al (67) who 

studied maintenance house painters who were characterized by defects in short-term 

visual memory and prolonged simple reaction times. This finding was related with two 

similar studies by Escalona et al. and Ihrig et al (68, 69) who reported significantly 

poorer performance of tension-anxiety and the mean simple reaction time was longer 

in the exposed workers but this finding was not related to Deschamps et al (70) who 

reported that no differences were found for simple reaction time. 
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 For measuring of fatigue, in this research there was no differences found 

between the groups on measured of CFF from low to high frequency and CFF from 

high to low frequency. However, the results showed that no significant correlations 

between neurobehavioral performance and hippuric acid at the work shift. 

Consideration of direction of correlation it was found that hippuric acid and CFF had 

correlation in the reverse direction may due to the fact that the workers had exposed to 

organic solvents at high level they would have decreased in CFF values.    

 Neurobehavioral impairments in workers with exposure to organic 

solvents in a paint manufacturing plant were examined on psychological tests. The 

results implied that occupational exposure of organic solvents could induce 

neurobehavioral changes in psychomotor speed, intellectual, clear thinking and lead to 

occur fatigue. Even though the exposure level was much lower than the hygienic 

standard applied for organic solvents but exposure for a long term may cause adverse 

effects to the nervous system. 

 

 5.2.2 The levels of hippuric acid in the exposed group and non-

exposed group 

 In table 4.5 showed the results of hippuric acid that were collected before 

starting the work were different from hippuric acid at the end of shift in exposed group 

that were statistically significant difference at p=0.049. When compare the hippuric 

levels between the exposed group and non-exposed group they were not statistically 

significant difference. These results can be explained by the excretion rate of the 

workers. When human inhaled solvents to the body. These solvents distributed into 

rich-lipid tissues. Some metabolites might be eliminated with exhaled air. The remain 

amounts might be taken into biotransformation metabolism. The changes of 

metabolites might be influenced by these factors genetic, phenotype, body mass, age, 

gender and exogenous such as workload, dietary habits and smoking. There are two 

mechanisms in elimination of organic solvents from the body in the metabolism and 

the excretion. For metabolism mechanism, a substance was eliminated by converting it 

into a different chemical or call “metabolite”. Metabolites may undergo further 

metabolism or are eliminated by an excretory process. For excretion mechanism, 

metabolites can occur via body fluids mainly urine, faces and expired air. Hippuric 
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acid of human was different it can be explained from the rate of elimination that 

depended on endogenous and exogenous of each person and Akgur et al (71) reported 

that among the metabolites, hippuric acid is a traditional biomarker in the biological 

monitoring of occupational exposure to toluene, but it is known that p-cresol and 

hippuric acid rates are obscured by endogeneous and dietary sources. Consideration of 

the mean of hippuric acid levels with ACGIH standard, it was found that they were 

below the standard. In this study, it was found that the mean of hippuric acid at the end 

of woking shift in the exposed group was 0.2503±0.1245 g/g creatinine. This finding 

was related to Srisupab (72) reported the mean of hippuric acid levels of the workers 

exposed to toluene in a synthetic leather factory was 0.450 g/g creatinine which was 

below the standard. Moreover, Supapong et al (73) reported in 1997 that hippuric acid 

levels of the workers in a paint manufactures were approximately 0.39±0.20 g/g 

creatinine and were not exceed 0.5 g/g creatinine for Kamolrattanokul et al (74) who 

reported in 1998 which was related to this study. 

 

 5.2.3 Factors that associated with neuropsychological tests 

 a) Age 

 After controlling for the affect of other factors by stepwise method, this 

study confirmed age had associated with visual, auditory and tactile response. This 

related to Nyberg et al. (75) reported in 2008 that reaction time variability in older 

adults who were usually associated with slower reaction times and worse recognition 

of stimuli, and suggested that variability might be a useful measure of general neural 

integrity. An early study reported that for teenagers (age 15-19 years) had mean 

reaction times of 187 ms for light stimuli and 158 ms for sound stimuli and this 

finding was related to Lord (76) who reported in 2001 that simple reaction time (SRT) 

increases with
 
age.  

 b) Education level 

 The Educational level showed significantly association with Standard 

Progressive Matrices and IQ. This result agreed with Pusapukdepob (48) who reported 

that the SPM and IQ scores of workers who had high education level had the higher in 

scores than the workers who had low level of education. 
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 c) Quantity of alcohol consumption 

 Alcohol had adverse health impacts to body organ and system. Alcohol 

might depress the functioning of the organs and it might cause impairment on 

psychological and psychomotor performances. This experimental after controlling the 

affect of other factors, it was found that quantity of alcohol consumption had 

association with visual auditory and tactile stimuli. The slowing of reaction time by 

alcohol was due to a slow of movement of muscle activation (77, 78). 

 

 5.2.4 The suitable of the evaluated indices 

 a) The hippuric acid in urine 

  The results in Table 4.7 showed the correlation between hippuric acid and 

psychological tests. It was found that, only tactile response that had correlated with 

hippuric acid and its correlation revealed into the positive direction. This means the 

workers exposed organic solvents at high level may lead to increase in tactile reaction 

time. Consideration of hippuric acid at the end of shift of both groups, they were 

different and hippuric acid of all worker were lower than the standard. When regard to 

hippuric acid at morning before starting the process, it was found that hippuric acid of 

exposed workers were lower than the non-exposed workers. This can be explained by 

the reason of excretion rate of each person that have mentioned above. In this study 

was found that hippuric acid in urine is not appropriate biomarker because the workers 

exposed to toluene and xylene at low levels. This related to Ikeda (89) who reported 

that solvent in urine correlates less closer to the solvent vapor exposure, especially 

when the vapor concentration is low, e.g. < 10 ppm toluene (93, 94). 

 b) The concentrations of Toluene and Xylene 

 From the results as presented in Table 4.12 showed that mean of toluene 

and xylene concentration in workplace were lower than TLV-TWA and mean of the 

toluene and xylene of each division showed that spraying paint for plastic division and 

coating paint division had higher concentration of toluene and xylene than other 

divisions. Although the worker exposed to low-level organic solvents in workplace but 

for the exposure of a long time period this may caused adverse effects to health.  

 c) The Standard Progressive Matrices test 
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 According to the primary health effect of inhaled organic solvents is 

neurological damage, inhaled organic solvents can also adversely affect other organ 

system, so psychological tests was important to use for evaluated the neurological 

damage in workers who exposed to organic solvents. From the results as presented in 

Table 4.8 showed the correlation between hippuric acid and the Standard Progressive 

Matrices (SPM) were not statistically significant difference. This finding can be 

explained by Eller and Heinrich-Ramm et al (80, 81) who reported in 1999 that 

neurobehavioural effects were found in association with long term exposure to time 

weighted average (TWA) toluene exceeding 100 ppm, with impaired performances on 

tests of visuospatial function, number learning, and word recognition. When consider 

to the direction of correlation of SPM and IQ, both tests had the reverse direction. This 

means if the workers exposed to organic solvents at high level. They would have 

decreased in SPM and IQ scores. 

 d) The Critical Flicker Fusion frequency 

 From table 4.7 it was showed that the level of hippuric acid had not related 

with the CFF and from Table 4.8 showed the factors affected to neuropsychological 

tests, it was found that there were no factors that affect to the CFF values. This 

indicated that the CFF was not suitable in this experiment because it had not related 

with the hippuric acid levels. 

 e) The Simple Reaction Time 

 From table 4.7 it was showed that the level of hippuric acid had related 

with the tactile response but had not related with visual and auditory response. The 

direction of correlation of all type of reaction time were revealed into the positive 

direction. This means that the workers exposed to toluene and xylene might cause the 

prolonged reaction time. From Table 4.8 showed that the factors affecting to 

neuropsychological tests, it was found that the factors that affected to the visual was 

quantity of alcohol consumption (20.7%) affected to the auditory were quantity of 

alcohol consumption (19.9%), age (6.8%) and factors that affected to the tactile were 

age (18.6%), alcohol consumption (7.8%) and hippuric acid (7.0%). Although there 

were various factors that affected to tactile response but the values of the reaction time 

were statistically significant with the hippuric acid. This may conclude that the simple 

reaction time was the suitable index for evaluation of behavioral changes.  
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CHAPTER VI 

CONCLUSION AND RECOMMENDATION 

 

 

6.1 Conclusion 

 A cross sectional study of behavioral performance was conducted among 

workers exposed to mixtures of organic solvents. The purpose of this study was to 

investigate the effects on nervous system of workers who had daily exposure daily to 

the mixture of organic solvents in a paint industry. Forty one solvent-exposed workers 

and twenty seven non-exposed workers were selected with the same age as the 

exposed group were examined with psychological tests including Standard Progressive 

Matrices (SPM), Critical Flicker Fusion (CFF) and Simple Reaction Time (SRT). A 

questionnaire was used to assess subjective symptoms, detail of medical history and 

profile of cigarette smoking and alcohol consumption were also included. Air 

concentrations of organic solvents were measured by the  personal and area sampling. 

All urine samples were collected at the end of shift and were analyzed for hippuric 

acid. 

 In this results, the exposed group had shown worse performance on tests 

when compare with the non-exposed group as following: 

 1. The exposed group had SPM scores 37.3±9.6 points and the non-

exposed group had SPM scores 43.1±6.8 points. The mean scores of SPM in the 

exposed group were lower than the non-exposed group. 

 2. The average scores on visual, auditory and tactile reaction time of the 

exposed group were 211.6±37.3 ms, 198.9±40.4 ms and 159.9±37.4 ms respectively. 

The average scores on visual, auditory and tactile reaction time of the non-exposed 

group was 177.0±20.9 ms, 169.6±16.2 ms and 123.3±13.8 ms respectively. The 

exposed group had longer reaction time in visual, auditory and tactile stimuli.  

 3. The average values of CFF from low to high frequency of the exposed 

group was 38.7±3.3 Hz and non-exposed was 37.9±2.4 Hz. The average values of CFF 
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from high to low frequency of the exposed group was 38.3±2.6 Hz and non-exposed 

was 38.0±2.3 Hz. 

 4. The relationships between the hippuric acid and the psychological tests 

were not statistically significant difference that means the metabolite might not be a 

good represent.  

 5. Personal factors that affected to psychological test were as follows: 

 5.1 Factors affected to SPM and IQ were education level. 

 5.2 Factors affected to the visual reaction time was quantity of alcohol 

consumption. 

 5.3 Factors affected to the auditory reaction time was quantity of alcohol 

consumption and age. 

 5.4 Factors affected to the tactile reaction time were age, quantity of 

alcohol consumption and hippuric acid respectively. 

 5.5 Factors associated with the CFF values from high to low frequency 

was using the gloves. 

 6. The tactile reaction time was the suitable index for evaluation behavioral 

changes in workers who exposed to organic solvents. 

 It was concluded that this finding may be the earliest neurotoxic signs of 

occupational exposure to low-level organic solvents in a paint manufacturing workers.  

Results of this study showed possible neurotoxic effects on nervous system which 

detected of working conditions and working environment of examined workers. 

 

 

6.2 Recommendations 

 Base on the results from this study, the researcher would like to 

recommend that; 

 a) Engineering methods to control hazardous conditions are preferred. The 

ventilation system was not appropriated. The local exhausted ventilation systems were 

required. The appropriated personal protective equipment, i.e. respirator and gloves 

were provided in order to reduce skin and respiratory absorption. 

Copyright by Mahidol University



Chiraporn Kaewnam                        Conclusion and Recommendation / 60

   

 

 b) The workers should be washed their hands after using solvents or before 

drinking, eating and to avoid skin contact with the chemical and any contaminated 

equipment including the contaminated clothing was removed before reuse.  

 c) Health monitoring every year, neurophysiological examination should 

be provided to the workers and preventing the hazards of exposure to other recognized 

neurotoxic agents. 

 

 

6.3 Recommendations for further study 

 a) For the further study should be increased the many psychological tests 

such as digit span, digit symbol, block design, finger tapping test in order to get more 

informations. 

 b) The further study should be studied on various organic solvents and 

should be collected the other biological samples i.e. toluene, xylene or others solvents 

in blood. 

 c) The further study should be examined the liver function, hemoglobin 

values, red cell counts, white cell counts and platelet counts. 
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APPENDIX B 

INSTRUMENTS USED IN THIS STUDY 
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Figure B.1 Standard Progressive Matrices 
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Critical Flicker Fusion 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.2 Critical Flicker Fusion 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.3 Testing Critical Flicker Fusion (CFF) 
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Reaction Time 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.4 Simple Reaction Time 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.5 Testing visual and auditory reaction time 
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Figure B.6 Testing tactile reaction time 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.7 Urine samples 
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APPENDIX C 

DOCUMENTARY PROOF OF ETHICAL CLEARANCE 
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