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Abstract 

Background: The process of making tofu in the home industry has the risk of exposing high heat to the environment. This heat 

comes from the process of boiling soybeans in high temperatures and for a long time. The heat that exposes workers will encourage 

excessive sweating and cause dehydration. Dehydration is a condition experienced by the body when losing fluids. The body needs 

fluids containing electrolytes to replace electrolytes lost due to dehydration. For this reason, it is necessary to supplement drinking 
water to overcome dehydration by choosing drinks that have the potential to reduce dehydration, namely those that have high 

electrolytes, including mineral water and isotonic beverage. The purpose of the study was to determine the effect of the type of 

drinking water on dehydration status in tofu industry workers. Method: Quasi-experimental with time series design. the sampling 

technique, used a total of 40 workers using inclusion and exclusion criteria. The provision of mineral water and isotonic beverage 

were given on different days with a break of one day. Drinking water was given for 3.5 hours of work, with an  intensity of 200 ml 

every 30 minutes. Measurement of dehydration status using urine color standards and subjective complaints of dehydration. 

Measurement of dehydration status was performed after administration of the intervention. Data analysis used the Friedman test. 

Results: Dehydration status on pre-treatment, 100% of workers were dehydrated, after giving mineral water as many as 97.2% of 

workers were dehydrated while after giving isotonic beverage as much as 85.8% were dehydrated. The Friedman test showed a 

value of p = 0.001. Conclusion: There is a significant effect of the type of water on dehydration status. 
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I. Introduction 

Heat stress is one of the main burdens for humans today. One of the heat stresses is generated from production processes in 

various industries. One industry that produces heat stress is the tofu industry.[1], [2]. Tofu is made from finely ground soybean 

seeds. The grinding result is then boiled. At the time of boiling soybeans, heat coming from the furnace is needed. This heat travels 
to the environment, so it is exposed to workers.[1] Due to prolonged and continuous exposure to heat in the workplace, can cause 

the risk of heat stress in workers.[3], [4] Heat stress can trigger dehydration.[5] Dehydration can cause several health problems such 

as fatigue, impaired concentration, to a decrease in the level of consciousness.[6]–[9] During long-duration heat exposure, 

continuous sweating can induce hypovolemia and hyperosmolality because of the hypotonic nature of sweat.[10] The disorders 

caused by dehydration can be prevented by consuming drinking water in sufficient quantities.[6], [11], [12]  

Dehydration is a term which, in clinical use, refers to a deficiency in total body water.[7] The body will be dehydrated when 

most of the fluid comes out greater than what enters.[13] Body fluids come out faster through urine, sweat to feces. Body fluids 

will decrease by about 5-10% without activity so body fluid balance needs to be controlled to avoid dehydration. To determine the 

status of dehydration in the body of workers, one of the parameters used is the color of urine.[14], [15] Many substances can cause 

urine color to appear abnormal. Cloudy urine may be caused by infection (pyuria), but the most common cause is phosphaturia, in 

which phosphate crystals precipitate in alkaline urine.[16] 

Dehydration can be prevented by consuming enough drinking water. Ensuring the body is hydrated is one effective way to 

increase productivity and protect occupational health and safety from hot ambient temperatures.[3], [17] To meet the fluid needs of 

workers can consume mineral water as an element of body cooling with the intensity of drinking water every 30 minutes with a 

water temperature of 10°C-21°C.[18] In addition, workers also need drinks containing electrolytes to replace lost electrolytes in the 

body.[19]  

Based on the results of preliminary studies that have been conducted in the tofu-making industry located in Jomblang Village, 

Candi Sari District, Semarang City, it showed that the high temperature in the work environment is sourced from a heating furnace 
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that produces steam in the process of boiling tofu making raw materials. Many workers sweated and complained of feeling thirsty 

quickly, weak, tired, with dry mouth, and dizzy. From the results of previous studies, heat pressure measurement using a heat stress 

meter obtained the results of the Wet and Ball Temperature Index on average 34.21° C so that it is said to exceed the Threshold 

Value (TLV= 28°C). The indoor room temperature is more influence on the performance of the workers.[20]  

The results of previous studies have also shown that less water consumption on worker who preferred to consume drinks. 

They prefered to consume drinks other than water such as tea, coffee, and syrup which are classified as diuretic drinks. Diuretic 

drinks are drinks that can accelerate the occurrence of excretion through urine.[21], [22] 

To reduce dehydration status in workers are by providing drinking water, both mineral water and isotonic beverage. Mineral 

water has an important role in the body's needs in everyday life. The price of mineral water is very easy to reach for all people 

besides mineral water can reduce the risk of dehydration. On the other hand, isotonic beverage can help to replace fluids and 

electrolytes lost because it contains sodium chloride, potassium chloride, calcium lactate, magnesium, and anti-oxidants ascorbic 

acid. The most effective drinks in maintaining fluid balance are those that contain macronutrients and electrolytes.[23], [24] 

Mineral water and isotonic beverage are used in lowering the level of dehydration because they can replace fluids lost in the 

body when working in hot environments. Previous studies have shown that the administration of mineral water can improve 

hydration status better, which is indicated by changes in the hydration status of subjects in conditions before and after the 

intervention which can be seen directly from changes in urine color levels for the better.[25] In this study, dehydration status will 

be compared in workers who will be given mineral water and isotonic beverage. The results of this study are expected to help 
workers to choose fluids that are better at preventing the emergence of occupational diseases caused by dehydration due to heat 

exposure 

II. Methods 

This type of research is quasi-experimental, with a  time series approach using only one group. The population is all workers 

in the tofu-making industry in Jomblang Village, Semarang City, with as many as 40 people. The sample was the entire population 

selected with inclusion criteria (willing to be respondents, physically and spiritually healthy, did not have diabetes, ulcer, diarrhea, 

and kidney disorders), and exclusion criteria (sick or absent from the study).   The independent variables of the study were the type 

of beverage (mineral water and isotonic beverage), while the dependent variables were dehydration status and subjective risk of 

dehydration. The independent variable is given by giving drinks on the second and fourth days. The first-day respondents were 

allowed to drink activities such as days while working daily, the third-day subjects were given mineral water, and the fifth-day 

subjects were given isotonic beverage.  On the second and fourth days, the study subjects were left to work as usual (no treatment) 

to give pause.  Air mineral and isotonic are given to workers from the time they start working at  08.00 to 11.00, with an intensity 

of giving 30 minutes once as much as 200 ml.  We ensure that the water given is drunk out before the water is given at a later stage.  

On the first, third, and fifth days, urine samples were collected at 12:00 (in the break time) by accommodating the urine of 

the study subjects in a urine container. Furthermore, urine colour was observed by comparing with the urine colour chart.  Subjective 

complaints of dehydration were identified through a questionnaire consisting of 11 signs of subjective complaints of 

dehydration.[26]. The research data were analyzed by looking at the distribution of data and tested with the Friedman test with 95% 

meaningfulness. 

III. Results and Discussion 

1. Characteristics of Research Subjects 

Table 1.  Characteristics of Research Subjects 

Variable Categories Frequency % 

Age -    < 40 years 

- ≥ 40 years 

17 

18 

48.6 

51.4 

Gender - Man 

- Woman 

29 

6 

82.9 

17.1 

Types of clothing -   Cotton 
- Non cotton 

16 
19 

45.7 
54.3 

Amount of drinking 

water consumption 

- < 8 cups/day 

- ≥ 8 cups/day 

19 

16 

54.3 

45.7 

Years of service - < 6 years 

- ≥ 6 years 

16 

19 

45.7 

54.3 

Total  35 100 
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Tabel 1 illustrates that the age of workers  were almost equal, but greater than 40 years (51.4%) with the majority male 

sex (82.9%). The type of clothing used was mostly non-cotton (54.3%). The amount of drinking water consumption was 

mostly less than 8 cups/day (54.3%), and most have a working life of more than 6 years (54.3%). 

2. Subjective complaints of dehydration 

The subjective complaints of dehydration felt by workers were as follows: 

Table 2.  The Subjective Complaints of Dehydration 

Subjective complaints Frequency % 

Dizzy: 

- Yes  
- No 

 

7 
28 

 

20 
80 

Nauseous: 

- Yes  

- No 

 

0 

35 

 

0 

100 

Get tired quickly: 

- Yes 

- No 

 

29 

6 

 

82.9 

17.1 

Dry skin: 

- Yes 

- No 

 

0 

35 

 

0 

100 

Reddish skin: 

- Yes 

- No 

 

0 

35 

 

0 

100 

Stinging itching: 

- Yes 

- No 

 

0 

35 

 

0 

100 

Muscle cramps: 
- Yes 

- No 

 
3 

32 

 
8.6 

91.4 

The body feels hot: 

- Yes 

- No 

 

8 

27 

 

22.9 

77.1 

Loss of consciousness: 

- Yes 

- No 

 

1 

34 

 

2.9 

97.1 

Sweating : 

- Yes 

- No 

 

34 

1 

 

97.1 

2.9 

Quickly  thirsty: 

- Yes 

- No 

 

34 

1 

 

97.1 

2.9 

 

The dominant subjective complaints of dehydration experienced by workers were fatigue (82.9%), sweating a lot 

(97.1%), and quickly  thirsty (97.1%). 

3. Dehydrated Status 

 Dehydrated status based on the type of drinking water consumed in workers obtained results in graph 1:  
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Figure 1.  Dehydrated Status of Workers 

Status dehydration based on urine color shows before treatment and after administration of mineral water is dominated by 

dehydration category, while isotonic beverage administration was dominated by mild dehydration status. Severe dehydration 
before treatment decreased significantly after the administration of mineral water from 42.9% to 11.4% (a decrease of 31.5%) 

and after the administration of isotonic beverage, no one was severely dehydrated. Test normality data shows the following 

results: 

Table 3.  Normality of Dehydration Status 

Dehydrated Status p value Meaning 

Dehydrated status before treatment 

Dehydrated status after mineral water 

Dehydrated status after isotonic administration 

0.007 

0.000 

0.003 

Abnormal distribution 

Abnormal distribution 

Abnormal distribution 

Based on data analysis showed that all data were abnormally distributed, so further tests were carried out with the Friedman test 

 

4. Differences In Dehydration Status Between Before Treatment, After Administration Of Mineral Water, And After 

Administration Of Isotonic beverage.  

Table 3 shows the distribution of the average of dehydration score pre-treatment, after administration of mineral water, 

and after administration of isotonic beverage. Based on the results of the Friedman test,  p-value of 0.001 was obtained, which 
means that there was a significant differences in dehydration status in 3 treatment groups. Based on the average value of the 

dehydration score, it shows a decrease in dehydration score after the administration of mineral water and isotonic beverage 

compared to pre-treatment. The lowest urine color score was in the group that received isotonic beverage until it was concluded 

that the best dehydration status was in the group given isotonic beverage 

.  Table 4.  Differences in dehydration status based on urine color scores 

Dehydrated Status Average dehydration 

score 

p value 

Dehydrated status before treatment 

Dehydrated status after mineral water 

Dehydrated status after isotonic administration 

2.71 

2.04 

1.26 

0.001 
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Dehydrated status based on the type of 
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5. Differences in dehydration status between treatments.  

The results of the Wilcoxon test to determine the difference in dehydration status between treatment groups are presented 

in tabel 5 as follows: 

Table 5.  Differences in dehydration status between treatment groups 

Dehydrated Status p value Meaning 

Pre-treatment –mineral water  

Pre-treatment - isotonic beverage  

Mineral water - isotonic beverage 

0.000 

0.000 

0.000 

There is a significant difference 

There is a significant difference 

There is a significant difference 

 

 It was concluded that the dehydration status  of all treatment partners  showed significant differences 

Subjective complaints of dehydration  

The most complaints felt by workers in this industry are quickly thirsty, sweating a lot, and getting tired quickly. The 

complaint was thought to result from heat stress at work. High heat stress will encourage the body to release heat to adapt to the 

environment[27], [28] When the ambient temperature increases, the body temperature will increase. This efferent impulse drive in 

the hypothalamus will stimulate the sweat glands to work, allowing sweat to come out.[29] Sweat that comes out causes body fluids 

to be unbalanced, causing thirst. [30] In a state of lack of fluid, the body also undergoes anaerobic metabolism. Anaerobic 

metabolism occurs from the breakdown of glycogen stores in muscles as energy materials which causes the concentration of 

glycogen in muscles to decrease to form lactic acid.[31] Lactic acid can inhibit the process of muscle work because lactic acid 

accumulates in muscle tissue it affects fatigue.[32] Each person's body fluid needs vary depending on their activities. 

Differences in Dehydration Status Based On The Type Of Drink 

In this study, it was concluded that there were differences in dehydration status between before treatment, after administration 

of mineral water, and after administration of isotonic beverage. Dehydrated status was worst in the group before treatment, and best 

in the group given isotonic beverage.  

In the pre-treatment group, workers were allowed to consume drinking water as per daily habit, with an unspecified amount. 

The amount of water consumed varies from 1.5 to 2 liters/day. Some workers also consume tea, coffee, fruit juice with sugar or 

energy drinks. In the group given mineral water, dehydration status showed a decrease better than the pre-treatment group. This is 

possible because the amount of mineral water was regulated according to NIOSH, which is 200 ml every 30 minutes or 1.4 liters 

for 3.5 hours for workers in hot places. Mineral water is effective in reducing thirst because it can replace fluids that come out of 

the body in the form of sweat and urine, resulting in a rehydration process. Deep mineral water with moderate mineralization was 

more effective in inducing recovery of aerobic capacity and leg muscle power compared with plain water following prolonged 

dehydrating aerobic running exercise.[33] Mineral water contains magnesium sulfate, potassium, calcium, sodium chloride, and 
sulfate ions that the body needs to restore the fluid that comes out. Potassium was an essential mineral needed by the body in 

regulating body fluid balance and maintaining a healthy nervous system. Several minerals were key to regulating water balance in 

different compartments of the body; the most important of these are sodium, potassium, and chloride. [34] Mineral water can restore 

potassium lost through urine and sweat.[35] From previous studies, the water intervention improved urinary markers of hydration 

and children's cognitive flexibility selectively benefits from greater habitual hydration and water intake.[36] Hydration in health in 

the general population, specifically in skin health, neurological function (cognition, mood, and headache), gastrointestinal and renal 

functions, and body weight and composition.[37] 

The group given isotonic beverage showed the best dehydration status compared to the pre-treatment group and the group 

given mineral water. It is assumed, isotonic can reduce dehydration status because it contains minerals that are needed by the body, 

such as water, carbohydrates and electrolytes are high.[24] The high presence of carbohydrates and electrolytes helps replace lost 

body fluids more quickly. The electrolyte content in isotonic beverage has a composition similar to human body fluids, making it 

easier to absorb and quickly replace lost fluids and electrolytes. Hypotonic carbohydrate–electrolyte drinks ingested continuously 

during exercise provide the greatest benefit to hydration.[38] 

The results of this study were in line with previous research conducted on healthy male subjects either consumed isotonic 

beverage over a period of 8 hours in a controlled air-conditioned environment and sports science students who were given 5000 m 

of physical activity, where the administration of isotonic drinking water affected dehydration status.[24] [23].  
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IV. Limitation the Study 

In this study,  there was no recording of the frequency of urination while working so that  the amount of fluid that came out 

(excretion) during  the intervention was not known.  

V. Conclusion 

The dominant subjective complaints of dehydration experienced by workers were fatigue, sweating a lot, and quickly  thirsty. 

Isotonic water administration results in better dehydration status compared to mineral water. 
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