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ABSTRACT 
 

Wastewater from fishery industries in Muncar, Banyuwangi, was assessed to find the adverse effect level to 
brine organism. This study used wastewater from oil and filleting industries. Toxicity level of wastewater was 
determined with acute toxicity test using Artemia. Static flow exposure tests were arranged for five wastewater 
concentrations and repeated three times. The lethal concentration of wastewater towards the 50% numbers of 
Artemia for twenty four hours was at the level of 7.2%.The result was valuable to determine fishery wastewater 
treatment in short term action plan and to set quality criteria of receiving water bodies in long term plan. 
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INTRODUCTION 
 

Subdistrict Muncarin Banyuwangi of East Java is one of the largest fishery industries in Indonesia. 
Fishery industries consist of cold storage and canning industries, oil and filleting industries, and fish salting 
industries. Based on data of Dinas Kelautandan Perikanan, there are 72 big scale industries and 96 small scale 
industries [1]. Beside give contribute in national income, that industries also cause degradation of water quality. 
It happen because insufficient of wastewater treatment or fishery wastewater was lost upon directly in water 
area. Wastewater from big scale industries, amounted approximately 1,300 m3/day,were lost upon directly in 
water area [1], and all of fishery industries produced wastewater 14,300 m3/day [2]. Based on result of fishery 
wastewater quality in Muncar, parameters such as TSS, ammonia (NH3-N), BOD5, COD, and oil and grease 
were higher than local stream standard[2]. It is indicated that quantity of fishery wastewater was over the 
support capability of environment, as a result it can caused contamination. In addition, community in Muncar 
has complained about bad smell, degradation of water quality, and raising of fish mortality rate.  

The aim of this study is determined toxicity level of fishery industries was using ecotoxicology test. 
Ecotoxicology is study about effect of contaminant in environment in molecule, physiological, individual, and 
ecological level. The purpose of ecotoxicology is to determine and predict the effect of contaminant [3]. 
Ecotoxicity parameters which used in ecotoxicology test exposure consisting oflethality, growth ability, 
respiration rate, etc [4]. Ecotoxicity can be classified such as the agents (elements and compounds), the level of 
biological organization (organism, population, or ecosystem), the duration of exposure (acute, subacute, or 
chronic), and the consequence (lethal or sub-lethal) [5]. Toxicity test is used to predict the effect of chemical on 
organism and to compare sensitivity of one or more species. Institutional set for toxicity test methods have been 
recommended by EPA, ISO, and OECD [6]. Toxicity test is need to do as a implementation of regulation. 
Toxicity test also acceptable based on ease and cost [7]. According EPA, classification of toxicity test are static 
tests (static non-renewal tests or static renewal tests) or flow through tests (sample is pumped continuously or 
grab/composite sample) [8]. 

Organisms have different manner to response the stressors in environment. It can be seen from the fitness 
of organisms in natural ecosystem is depend on interaction with other species, and failure to consider 
environment stress. In ecological risk assessment requires an appreciation for complexity of natural ecosystem, 
an understanding about ecosystem structure and function of subunit within structure [9]. Zooplanktons are 
usually used in ecotoxicology assessment. Zooplanktons are organisms that have high sensitivity to contaminant 
[10]. Organisms test which used in this study was Artemia because used frequently in ecotoxicology study [11]. 
Beside that Artemia  is an invertebrate component of the organism of saline aquatic and marine ecosystems [12], 
they representatively brine organism where wastewater of fishery industries was thrown. 
 

MATERIALS AND METHODS 
 

Before the test began with critical range test, determined validity of toxicity testsis needed in order to 
examine the concentration. Validity of toxicity tests used exposured of Artemia in 50 ml of sea water (control) 
during 24h. Parameter which observed was lethal of Artemia. Validity of toxicity test also can be valued 
according result of control positive tests. Toxicity tests to Artemia was used toxicity tests with Sodium 
laurylsulphate (SLS). 
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Critical range concentration is determined as a basic of concentration then used in continuation test.The 
concentration is called ashighest lethal and lowest lethal which of 50% organisms is dead. To obtained the 
concentration in toxicity test was implemented by determination of critical range with dilution sample in a 
logarithmic series, such as 100%, 10%, 1%, and 0,1%, and a control [8]. Acute toxicity test is used with 
exposure of Artemiathat cultivated beforehand to produce a new generation. Test was using Artemia that have 
under-aged 24h, each of reactors was contained 10 organisms, with solution volume 50 ml during 24h.  

After known critical range concentration, test was continued with using beaker glass 250 ml and included 
10 organisms each of beaker glass. Testswere repeated three times and have five variation of concentration, 
include control. Parameter which observed was lethal of Artemia during 24h. 

 
RESULTS AND DISCUSSION 

 
Characteristic of wastewater 

Characterization of fishery wastewater was important, not only for protection of ecosystem but also for 
sustainability of fishery industries [13]. Processing of fishery industries were produced wastewater such as 
organic contaminant, colloid, and particulate form. According particular operation, level of contaminant was 
small in washing process, mild in fish filleting, and heavy in blood water drained from fish storage tanks [14]. 
Volume and concentration of wastewater was depend on composition of fish, additive used, water processing 
and unit process. The main components of wastewater from fishery industries are lipids and protein [15]. In high 
organic loading, there are high nitrogen compound that soluble protein after leaching during washing, defrost, 
and cooking process [16] [17]. 

In this study was used wastewater from oil and filleting industry in Muncar. Table 1 shown the 
characteristic of wastewater and local stream standard for each parameter. 

 
Table 1.Characteristic of wastewater from oil and filleting industry in Muncar 

No. Parameter Unit Wastewater from oil and 
filleting industry 

Local stream 
standard 

1 Temperature 0C 50 - 
2 Total Suspended Solids (TSS) mg/L 2,900 100 
3 pH - 6.6 6-9 
4 Sulfide (H2S) mg/L 9.6 - 
5 Ammonia (NH3-N) mg/L 1,051.08 10 
6 Biochemical Oxygen Demand (BOD5) mg/L 4,160 100 
7 Chemical Oxygen Demand (COD) mg/L 6,720 200 
8 Nitrate (NO3-N) mg/L 3.57 - 
9 Detergent mg/L 0 - 
10 Phosphate (PO4) mg/L 62 - 
11 Oil and grease mg/L 9,335 15 

 
Each of parameters have different effect to environment and marine organisms life. For example TSS can 

influence marine organisms life with reduce the luminous intensity in water [14].Wastewater from oil and 
filleting industry in Muncar have concentration of effluent TSS was high (2,900mg/L). In fishery wastewater 
process, initial of Biochemical Oxygen Demand (BOD5)were carbonate and nitrogene (protein, peptide, and 
volatile amina), whereas COD usually higher than BOD5. Oil and grease were important parameters from 
wastewater of fishery industries. oil and grease are usually flooding on water surface and influence transfer of 
oxygen into water [14]. 

There were several of parameters that higher than local stream standard in Table 1 such as Total 
Suspended Solids (TSS), ammonia (NH3-N), Biochemical Oxygen Demand (BOD5),Chemical Oxygen Demand 
(COD), and oil and grease. It was shown that Muncar area was contaminated by the wastewater that was 
confirmed by Kementerian Negara Lingkungan Hidup [1]. It happens because industries were thrown directly to 
water area without treatment. Wastewater that produced would contaminated water area around of industries and 
caused degradation of water quality. This problem could be solved with application of off-site detoxification 
system [2]. 

 
Hatching of Artemia 

Artemiais usually used in ecotoxicology test because have ability to adaptation with salinity (5-250 g/L) 
and temperature 6-350C, have short life cycle, ability of adaptation is high to not good environment condition, 
high of fertility, reproduction with bisexual/parthogenesis (with naupli or cyst), size of body is small, and ability 
of adaptation to variation nutrition source [18].Beside that, the continuous availability of Artemia in the form of 
dormant eggs (cyst), it makes easy to used in toxicity test. Artemia was used in toxicity test of wastewater from 
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oil and filleting industry, they representative of marine organisms because area of work in this study was water 
area [8]. 

Artemia that used in toxicity test have 24h age or called naupli. The color of naupli  is orange, with 
length 400 micron, width 170 micron, and weight 0.002 mg. Before toxicity test began, need to hatch the cyst to 
naupli with used reactor 5 L. One tea spoon of cyst was hatched in 1 L of salt water and need to aeration to 
oxygen availability and accelerate the hatching. Temperature of hatching was 270C, pH 8-9, and salinity 25-35 
ppm. About 24-30h cyst of Artemia will be hatch become nauplii [8]. 
 

Validity test 
Validity test used to give information about validity of toxicity test to concentration of substance that 

would be exposure. Validity test was done with exposure 50 ml of solution (salt water) to 10 Artemiain each of 
reactors, there are consist of three series, with pH 7 and temperature was 33 0C. Extrapolation of lethal could be 
done after 24h. Table 2 shown the result of validity test to Artemia after 24h. 

 
Table 2. Result of validity test to Artemia 

Series Solution volume Number ofArtemiaeach series Lethal ofArtemia 
1 50 ml 10 animals 1 
2 50 ml 10 animals 0 
3 50 ml 10 animals 0 

 
The result of validity test shown lethal of Artemiain series 1. It mean that toxicity test was valid because 

response of lethal not over 10% number of Artemia in each of series. 
 

Toxicity test using Sodium Laurylsulphate 
Toxicity test using Sodium Laurylsulphate (SLS) was done before acute toxicity test. In toxicity test, 

concentration of SLS were 8 mg/l, 12 mg/l, 16 mg/l, 20 mg/l, and control. Result of SLS toxicity test after 24h is 
shown on Table 3. 

 

Table 3. Result of SLS toxicity test to Artemia 
Concentration Series Lethal of Artemia Mean of lethal 

Control 1 0 0.67 
2 1 
3 1 

8 mg/L 1 2 3 
2 4 
3 3 

12 mg/L 1 3 4.67 
2 5 
3 6 

16 mg/L 1 5 5.67 
2 6 
3 6 

20 mg/L 1 4 6 
2 6 
3 8 

 
Based on Table 3, range of 50% Artemia lethal was 12-16 mg/l concentration. The result of SLS toxicity 

test to Artemia was processed used Probit analysis to get SLS concentration that caused 50% lethal of 
Artemiaduring 24h (LC50-24h). Figure 1 shows the graph of Probit analysis SLS toxicity test to Artemia. 
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Figure 1: Probit Analysis of SLS toxicity tests 
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Based on result of Probit analysis in Figure 1, mean of SLS toxicity test was 13,8 mg/l. It mean that 
LC50-24h of SLS in concentration 13.8 mg/l.  

 
Range finding test 

The purpose of range finding test was determined range of concentration that caused 50% lethal of 
Artemia. Range finding test was done during 24h with 50 ml solution and variation of concentration were 100%, 
10%, 1%, 0.1%, and control [8]. It was repeated three times. Table 4 shows the result of range finding test of 
wastewater from oil and filleting industry. 

 
Table 4. Range finding test wastewater from oil and filleting industry 

Concentration Series Lethal of Artemia Mean of lethal pH Temperature 
100% 1 10 10 5 320C 

2 10 
3 10 

10% 1 3 6 6 320C 
2 5 
3 5 

1% 1 2 0.67 7-8 320C 
2 2 
3 2 

0.1% 1 0 0 8 32.50C 
2 2 
3 1 

Control 1 1 0.33 7-8 330C 
2 0 
3 0 

 
Result of range test to wastewater from oil and filleting industry shown range concentration that caused 

50% lethal of Artemiabetween 1-10% from50 ml solution concentration.Concentrations would be used in acute 
toxicity test were 5%, 7.5%, 10%, 15%, and 20%. 

 
Acute toxicity test 

Acute toxicity test of wastewater from oil and filleting industry can be done with exposure of 10 
Artemiathat have 24h age to variation of concentration based on result of range finding test. In toxicity test, 
Artemiawas unaerated, with normal laboratory illumination intensity [8]. There were five concentration of 
wastewater that would been added in salt water until volume reached 50 ml. Variation of concentration were 
5%, 7.5%, 10%, 15%, 20%, and control. Each of testhave a control as a comparator between condition with 
wastewater and without wastewater. The comparation could give explanation about the effect of wastewater to 
Artemia life. The exposure during 24h with parameter was the lethal of Artemia. 

The series of reactors in acute toxicity tests of fishery wastewaterfrom oil and filleting industries using 
Artemiawere shown at Figure 2. 
 

 Series 1 
 

 Series 2 
 

 Series 3 
 

Figure 2: Series of reactors 
 

Figure 2 shown reactors arrangement in the acute toxicity test of fishery wastewater. Test was carried out 
using five concentrations and with a control. The variations were fishery wastewater from oil and filleting 
industries in Muncar (FWO). 

Table 5 shows the result of acute toxicity of wastewater from oil and filleting industry. 
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Table 5. Acute toxicity test wastewater from oil and filleting industry 
Concentration Series Lethal of Artemia Mean of lethal pH Temperature 

5% 1 2 2 8 320C 
2 1 
3 3 

7.5% 1 6 6.33 8 320C 
2 7 
3 6 

10% 1 7 8 7 320C 
2 8 
3 9 

15% 1 8 8.67 6-7 320C 
2 9 
3 9 

20% 1 9 9.67 7 320C 
2 10 
3 10 

Control 1 0 0 7-8 330C 
2 0 
3 0 

 
Concentration that caused 50% lethal of Artemia was between 5-7.5%. Data of observation was 

processed using Probit analysis in Figure 3 
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Figure 3: Probit Analysis of acute toxicity tests using fishery wastewater from oil and filleting industries 
 

Figure 3shown LC50-24h of wastewater from oil and filleting industries was 7.2%. That toxicity was 
caused by composition of wastewater that over from standard quality of fishery industries as already in Table 
1.Oil and grease in wastewater could be impede of air circulation. Wastewater from oil and filleting industries 
have 9,335 mg/l of oil and grease, if converted using 7.2% from acute toxicity would be found the concentration 
of oil and grease was 672.12 mg/l. 

 
CONCLUSION 

 
The wastewater of oil and filleting industries in Muncar at the level of 7.2% caused the half numbers of 

Artemia to die off during 24hours. The level, stated as LC-50-24h for Artemia, was in brine environment 
conditions at normal pH range and tropical temperature. 
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