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ABSTRACT

Investigation of the effect of flowing mud voleano lava to the aquatic life in the river using
study case of LUSI mud in Indonesia had been conducted by in-situ biomonitoring including
measurement of biological response of caged fish and river body quality. Fishes were caged in the
downstream sections of the mud effluent and control cage was placed at the upstream section.
Similar hierarchy of metal found in the effluent, water and sediment ie., Al>Fe>
Pb>Mn>Cu>Zn>Cr>Cd. Concentrations of Total Suspended Solid (T'SS), total aluminum, total iron
and lead at the downstream effluent site which showed maximum wvalues of ([TSS = 4177]
[Al = 23.70] [Fe = 6.97] [Pb = 1.27] mg L") were significantly higher than that of the upstream
control ([TSS =381] [Al =4.30] [Fe =1.38] [Pb = 0.38] mg L. Excluding lead in the doewnstream
sites (153 mg kg™, all sediment levels were found to be below the possible effect level. Metal levels
in fish bodies from the downstream sites showed higher level than control, with maximum level
observed in aluminum species, 377.9 mg kg™ Fishes which were expoesed in the dewnstream
sampling sites showed low survival rate value of 10-0% with survival period of = 21 days, gill
alteration in a level of irreparable lesion with Histopathologic Alteration Index (HAI) value of
121-233 while the fishes in the control cage had a survival rate of 93-66% for 28 days and normal
state of gills with HAI value of 0.0-0.3. Mainly by increasing colloidal aluminum LUSI mud voleano
lava into the river results in adverse effect on the downstream water quality and fish life.
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INTRODUCTION

LUSI mud voleano is a term referring to the hot mud that is being emitted from a mud voleano
at an average rate 90,000 m*day in Sidoarjo, East Java, Indonesia since 29 May 2008. The cause
of the eruption may be linked to gas exploration activities (IINDAC, 2008; Istadi et af., 2009). Since
2007, the mud flow was channeled into the Porong River to prevent problems from occurring at the
village nearby. As a consequence, the degradation of physico-chemical characters as predicted
would lead to biological system disturbance in Porong River. An urgent evaluation of the Porong
aquatic ecosystem was necessary due to the role of Porong River as the most important hydrological
system in the Sidoarjo regency. The total stream chemical potential energy contributes about
29 million US dellars per year to the regency (Karr et al., 2008},
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Mud has been flowing directly into Porong River for almost six years and there has never been
any investigation done on the effect of the mud on organism in sitw. A biomonitoring approach
could reflect on the impact of fauna habitating in the river ecosystem. I'n sifu biomonitoring has
great potential for linking biomarker data with community and ecosystem level responses
{Barbee et al., 2008). Due to the possibility to bicaccumulation, the heavy metal compounds should
be mandatory in the monitoring., While the acute effect could be analyzed by survival rate, the
chronie effects of contaminants are associated with sub lethal concentrations of the pollutants which
lead to histological alterations.

Histopathological biomarkers are a reflection of the overall health of the entire population in
an ecosystem. Histopathological techniques have the advantage of allowing investigators to
examine specific target organs and cells as they are affected by exposure to environmental
chemicals. Additienally, histopathoelogy provides a mean to detect both acute and chronic adverse
effects of exposure in the tissues and organs of individual orgamsms (USKEPA, 1987, Schlenk et al.,
2008). Fish gills are the first target of water-borne pollutants due to their direct contact with the
surrounding water (Patel and Bahadur, 2010). A previcus laboratory study of the Sidoarjo mud
effect on milkfish (Chanos chanos) indicated that liver histology alterations had taken place
{Hidayati, 2010).

The current research could provide an early warning of the risk of the uncontrolled LUSI mud
release so that steps could be taken in order to minimize the impact on the aquatic populations, as
well as subsequent economic and environmental problems. The aim of the study was to investigate
the biological response of caged Mozambique tilapia (Oreochromis mossambicus) with reference to
survival, gill histopathology and metal content in their Whole Body Compoesites (WBC) due to the
flow of mud velcano effect in the river body.

MATERIALS AND METHODS

Map in Fig. 1 illustrates that the LUSI mud voleano is located in a semi urban district of
Sidoarjo, Kast Java, Indenesia. The construction of a large pond with embankments in the LUSI
mud eruption area as well as the channeling of the excess watery mud to the adjacent river are
recent efforts to minimize the adverse impact of the mud flow on human infrastructures. In this
study, the discharge of watery mud 1s assumed to be effluent that had been directly spilling into
the Porong River (0.5 km from LUSI mud area, £12 km from the mouth river) since 2007, Porong
River itself had modified to be a flood contrel canal and for agricultural water supply (Ramu, 2004),

Water and sediment samples were collected from January 2011 to February 2012 and they
were done during the five surveys conducted and represented both dry and wet seasons. Three
sampling sites were located downstream of the discharge area, where caged fishes were exposed to
the mud effluent (Fig. 1). The sampling sites namely P1 {7°32'41.8"S; 112°42'31.67"E) which
represented the area of initial discharge of the effluent, P2 (7°32' 42.91"5; 112°43' 49.53"K) as an
intermediate site and P3 that represented a site far from the effluent (4 km) with a coordination
of 7°32' 36.57"5; 112°44' 35.068"K. A control area located at an upstream location, about 6 km above
the discharge area did not receive any LUSI mud.

The experimental fish, namely the Mozambique tilapia, Oreochromis mossambicus was selected
because it was considered relatively tolerant to a wide range of levels of water temperature,
Dissolved Oxygen (D), salinity, pH, light. intensity and photoperiod. Tilapia can persist in a highly
polluted habitat and have potential for biclogical monitoring of environmental pollution
{Baleazar et al., 2004; Ueng et al., 1996). Hence, it was expected to survive in the polluted water
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Fig. 1. Map of sampling sites. Triangle: Control sampling site Ct; Stars: Sampling sites P1, P2 and
P3 (satellite image of LUSI mud volecano was modified from (CRISP, 2010)

for the particular treatment time of exposure as was needed in the study. The juvenile fish with
body standard length of 5+0.4 ecm and weight of 4.520.9 g were used in the study and they were
obtained from commercial aquaculture ponds.

Rectangular-shaped cages were made from materials that did not contain any metal
elements i.e., the nets, plastic strings and frame stabilizers are made from plastic pipes
(Lengthxwidthxheight = 40x30x30 cm). A preliminary study revealed that the fish cages were
properly and safely immersed during the dry season. A duplicate fish cage with 40 fishes each was
immersed at each sampling site and anchored to the river bed with 10 m plastic string coiled around
concrete blocks. Daily fish mortality was observed and recorded as Survival Rate (SR) and prior to
the analysis of trace metal and histology. The fish samples were stored in a 4°C cool box. An extra
fish cage was provided at each sampling site as fish stock that will provide the needed properly sized
fish samples for the trace metal analysis. The tissue sample of each individual fish was obtained
by grinded the entire body, including the head, skin, gill, muscle and bones. The trace metal
analysis was conducted using the whole body composite where the body tissue samples from several
fishes are combined, thoroughly homogenized and treated as a single sample (USEPA, 2000,
USEPA, 2009b).

Water samples were collected prior to collection of sediment samples at the fish cage sampling
sites. Measurements of pH, Dissolved Oxygen (DO) were carried out on site using the water quality
meter TROLL® 9500 while Total Suspended Solids (TSS) were analyzed in the laboratory using
gravimetric method according to US EPA Method 160.2 (UUSKEPA, 1971).

Water samples for metal analysis were filtered using 0.45 um membrane filter and then
preserved in HNO,, with the pH adjusted to 2. The sediment samples were taken using the AMS



Fes. J. Environ. Toxicol., 8(1): 1-24, 2014

51b. sand/silt dredge and placed into polyethylene containers. Samples of sediment and fish from
treatment cages were stored immediately at 4°C prior to metal analysis. Furthermore, acid digestion
of water samples, bulk of sediment. and WBC of caged fishes were prepared prior to metal analysis
which include Al, Cu, Pb, Mn, Cr, Fe, Zn and Cd using Inductively Coupled Plasma-Atomic
Emission Spectrometry (ICP-AKS) following the KPA method 200.7 (USKEPA, 1994). Moreover,
sediment composition was also classified referring to particle size according to Wentworth Grade
Scale. Particle size is determined by passing a sample of sediment through a series of sieves from
1.25 mm to 63 pm. The cumulative percentage of materials retained on the sieves is calculated
(UNEP/AWHO, 1996).

Referring to the survived fish samples, about three to six replications of gill samples that were
fixed using 10% buffered formalin were dehydrated using a progressive series of ethanol dilutions
and then embedded in paraffin (xylene was used for intermediate impregnation). This was followed
by sectioning (2-3 um thick) using a rotary microtome, followed by staiming with Haematoxylin and
Eosin (Lillie, 1965). The histological images were obtained using a Microscope (Olympus BX 41)
that was connected to an Evolution LC Camera.

The gill histelogical alteration data were analyzed using a semi-quantitative method, namely
the Histopathologic Alteration Index (HAI), adopted from Flores-Lopes and Thomaz (2011) with
modifications. The pattern of alterations and severity of stages were observed to determine the
value of HAT as follows: Stage (1) epithelial hypertrophy, hyperplasia and lifting of gill epithelium,
disorganization, fusion and shortening of secondary gill lamellae, stage (2) hemorrhaging and
rupture of lamellar epithelium, hypertrophy and hyperplasia of chloride cells, stage (3)
telangiectasis, cell degeneration and necrosis. The HAI value was calculated for each observed
stage using the formula:

HAT = (1X STH{10X S2)+(100X $3)

where, S represents the sum of the number of alterations at each particular stage. Then the HAI
value was interpreted as having organ funection status which was determined according to Poleksic
and Mitrovie-Tutundzic (1994) and Flores-Lopes and Thomaz (2011). HAI values from O to 10
indicate normal gills; 11-20: slight damage; 21-50: moderate changes; 50-100: severe lesions
and wvalues ahbove 100 indicate irreparable lesions (Foleksic and Mitrovic-Tutundziec, 1994;
Flores-Lopes and Thomaz, 2011).

RESULTS

Reports of previous geochemical studies of bulk mud from LUSI pond by United Nation Dhisaster
Assessment and Coordination (UNDAC, 2006) and United States Geological Survey (USGS, 2008)
as well as results of current analysis of effluent composition which is shown in Fig. 2, indicated that
aluminum and iron were found to be the major metals both in water and mud portion. Based on
USGS (2008) survey, the mean level of metal composition (unit mg kg™) in the mud pond
showed the following hierarchical order i.e., [Al = 83550]>[Fe = 49000]>[Mn = 924]>[Zn = 95.3]>
[Cr = 90.8]>[Cu = 24.7]>[Pb = 18.7]>[Cd = 0.09] was greater than that measured in mud of the
effluent, excluding lead.

Figure 2, the hierarchical of metal concentrations (mg LY in the water effluent demonstrated
the following order Al (8.1)>Pb (6.95)>Fe (2.76)>Cu (0.64)>Mn (0.35)>7Zn (0.09)>Cd (0.02)>Cr
(not detected) for the wet season 2011 while in dry season 2011 observed that Al (7.8).>FPb
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Fig. 2: Comparisen of chemical composition of LUSI mud in the collecting pond and as effluent. The
metal composition of mud and water from LUSI mud pond was adopted from UNDAC (2006)
and USGS (2008). The seasonal chemical composition of mud constituents in the effluent
is coded as ws_efmud and ds_efmud and while the separated water is termed ws_efwtr and
ds_efwtr. The label of 2006, 2008, 2011 and 2012 indicate the year of the surveys. ds: Dry
season; ws: Wet season

Table 1: Water physico-chemical quality of sampling sites. Unit of TSS and DO = mg 1.7

Sampling time Control Site P1 Site P2 Site P3

SEABOIY e e e e e
month_year TSS DO pH T8S DO pH T8S DO pH T8S DO pH
Wet/Jan_11 122425 5.0£0.60 7.040.1 943£1756  3.4£0.10 8.2+0.03 4224140  3.3H0.1 8.440.0 493+165 4.340.2  8.240.1

Dry/June_11 132463  4.7£0.00 75405 4177+1233  3.5+0.01 T.0+£0.03 1147328  4.8+0.0 6.0+0.0 927482 52402 7.0+0.0
Dry/July_11 381458  4.440.00 75405 11634169  3.9+0.03 T.0+0.03  459+105 40402 6.0+0.0 7094189 3.040.0  7.040.0
Wet/Jan_12 122448  7.040.30 7000 672+116  6.8+0.10 7.3+0.26 124160 7.1£0.0 7.1+0.1 1013+179 7.0+0.1 7.040.1
Wet/Feb_12 40412 6.8+0.05  6.9+0.2 676+81  6.7+0.10 6.8£0.10 582495 6.1+0.6  7.3+0.1 245 61406 T.0+0.0

{1.73)>Fe (1.34)>Mn (0.48)>Cu (0.29)>Zn (0.09)>Cr (0.02)>Cd (not detected). Furthermore, in wet
season 2012 showed trend that Pb (6.95)>Fe (3.43)>Al (1.56)>Cu (0.91)>Mn (0.48)>7%n (0.24)>Cr
{0.02)>Cd (not detected).

Table 1, showed that the water samples exhibited average temperatures of 28-30°C and
Dissclved Oxygen (DO) in the level of 53.3-7.1 mg mL™'. Almost all ocbserved pH levels in all the
sampling sites were in the safe level according to National Recommended Water Quality Criteria
(USEPA, 2009a) that stipulated a range of 6.5-9.0. Meanwhile, the pH level in dry season at site
P2 was observed to be acidic (pH = 6.0) which 1s out of the range. Water salinity at the control and
downstream sites i.e P1 and P2 were in values of (0.0%q) while the site at P3 (that is closer to the
river mouth) was in a range level of 0.0-1.0%0. The highest TSS value was 4176.8 mg L found
during the dry season at site P1 which is nearest to the LUSI mud effluent and the lowest was
found in the control site during the wet season in the level of 40 mg L7,
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Figure 3 exhibits the spatial and seasonal metal concentration in water of Porong River. In
general, the trend of metal composition that was found in the water of Porong downstream sites

(P1;P2 and P3) was similar to the compoesition found in the effluent with the hierarchical orderi.e.,
Al »Fe>Pb>Mn>%n or Cu>Cr>Cd.
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The trend of aluminum indicated the seasonal fluctuation, primarily at locations that are near
to the effluent 1.e., P1 and P2. Maximum concentration of aluminum was found in the dry season
ie., 2370 mg L7 at P1 and 23.41 mg L ! at P2 which was significantly greater (p<0.05) than in
the wet season which exhibited range levels of 12.09-13.30 mg L™' in year 2011 and
6.61-13.53 mg L in year 2012. Moreover, aluminum concentrations at sites P1 and P2 in the dry
season demonstrated either spatial or temporal differences with that observed at site F3 which
represented the downstream section far from the effluent (3.68-3.70 mg L), They also showed
differences with the control site in upstream where aluminum conecentration ranged from
0.37-3.40 mg L' Meanwhile, there were no significant differences between aluminum
conecentration in the control and P3 sites.

Unlike with aluminum behavior, the maximum iron concentration ((P1 = 8.97 mg L7,
[P2 =6.60 mg L™']) was observed in the wet season. There were statistically temporal differences
of iron concentration but not for seasonal pattern. Spatially, iron concentration at the control site
(0.29-1.38 mg LY was significantly lower than iron concentrations in the downstream sites of P1
(3.56-6.60 mg L™ and P2 (1.97-6.97 mg L. Morecver, the differences in iron cencentrations
between control and P3 sites were only observed in the wet season of 2012 (4.38 mg L"),

By comparing with the water quality criteria that is presented in Table 2, the average
aluminum (as total aluminum) and iron (as total iron) concentrations from all the surveys done
were at sites P1(15.55 mg L1 4.99 mg L™ and P2 ([12.83 mg L ! and 4.40 mg L)) which were
much higher than the standard for total aluminum that is stipulated in the Guidelines for
Interpreting Water Quality Data, Province of British Columbia (Anonymous, 1998) where the
recommended level for total aluminum is 5 mg L' while that for total iron is 1.7 mg L'
(Randall et al., 1999). The average concentration of aluminum in site P3 (4.39 mg L™!) was below
the standard but the iron concentration was in a level above the limit (2.57 mg L™!). Meanwhile,
the mean concentrations of aluminum and iron in the control site (2.43 mg L, 0.68 mg of Fe L)
were in the safe limit.

Similar to the pattern of the water effluent, the range of lead concentration in the water of the
downstream site of Porong River was found to be in a higher level than manganese coneentration
(Fig. 2, 3 and Table 2). The highest lead concentration (P1 = 1.21 mg L P2=127TmgL™)
was demonstrated in the wet season. Significant seasconal differences were cbserved in P2 and P3

Tahle 2: Comparison of the observed metal concentration with water quality standard (WQC)

Range concentration of observed USEPA WQC for
metal between Jan 2011-Feb 2012 freshwater aquatic life Indonesian
zovernment WQC for wild

Metal MDL P1 P2 P3 Control Acute Chronic Reg. for class III  lifeandlivestock
Al (total)  0.0250 6.61-23.70 2.31-23.41 2.86-7.24 0.37-4.30 NA NA NA 5*
Fe (total) 0.0100 3.56-6.60 1.97-6.97 1.09-4.38 0.29-1.38 NA NA NA 1.7+
Mn 0.0010 0.11-0.50 0.06-0.59 0.31-0.80 0.21-0.54 0.50 0.10 0.10 NA
Zn 0.0050 0.06-0.39 0.01-0.28 0.04-0.24 0.03-0.35 0.12 0.12 0.05 NA
Cu 0.0050 0.14-0.42 0.16-0.44 0.23-0.41 0.028-0.38 NA NA 0.02 0.3*%
Pb 0.0050 0.72-1.21 0.47-1.27 0.10-1.11 0.051-0.38 0.065 0.0025 0.03 NA
Cr 11T 0.0050 ND-0.035 ND-0.001 ND-0.011 ND 0.57 0.07 NA NA
Cd 0.0050 ND-0.067 ND-0.059 ND-0.072 ND 0.002 0.00025 0.01 0.08*

ND: Not detected, NA: No available data
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with the trend that the wet season is higher than the dry season. Like the spatial trends of
aluminum and iron, the lead concentration at the control site (0.051-0.38 mg L") is significantly
lower than that found at sites along downstream P1 and P2. The lead concentrations in all
sampling sites were above the standard reference, 0.07 mg L™ (USEPA, 2009a).

The peak of zinc concentration chserved in the dry season at site P1 was detected to
range from 0.29-0.39 mg L' and for site P2 (0.27 mg L") which exceeded the standard reference
(0.12 mg L. These concentrations were significantly greater than that measured in the control
site (0.08-17 mg L™"). Whereas during the wet season, it was cbserved that the similarity of zine
concentration between control and the downstream sites were due to the declining zine
concentration.

The downstream sites exhibited a range value of manganese concentration ([P1 = 0.21-0.50;
P2 = 0.07-0.59; P3 = 0.31-0.80] mg L7']) that is generally not different with the control
(0.21-0.54 mg LY. Mean of manganese concentration of samples from sites P2 and P3 in the wet
season were detected to be above the stipulated standard according to USEPA (2009a) ie.,
0.5 mg L' The copper species concentration in water seems to have similar behavior with
manganese which did not exhibit spatial and seasonal differences. The copper concentrations were
in the range of P1 (0.14-0. 42 mg L™; P2 (0.18-0.44 mg L™4; P3 (0.23-0.41 mg L™} and control
(0.03-0.38 mg L") with the highest detected in site P2 during the wet season of 2011, According
to the Indonesian government regulations (Anonymous, 2001), copper concentration was in a level
above the standard quality which stipulated a level of only 0.02 mg L%

Chromium was only detected at the downstream sites in the wet season 1.e., ([P1 =0.035; P2
= 0.001; P3 =0.011] mg L™Y); with those at P1 and P3 found to be below the safe level for Cr III
{(USEPA, 2009a). Similar to chromium, cadmium was only detected in the downstream sites 1.e., P1
(0.005-0.067 mg L™, P2 (0.016-0.059 mg L™, P3 = (Not detected-0.072 mg L) while it was not.
detected in the control site. In general, cadmium concentrations that were detected at the
downstream sites exceeded the WQUC according to USEPA (2009a) that stipulated a level of only
0.002 mg L' However, they were in a safe level to wildlife and livestock water supply
(0.08 mg L),

Results of sediment composition analysis (Fig. 4) exhibited that the site nearest to the effluent
pipei.e., P1, contained the highest mud portion (77.1%) while levels at the other sites were below
12%. The rest of the sediment composition at site P1 consisted of 22.9% very fine sand.
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Fig. 4: Sediment composition in Porong River. A number in each bar represents the mud portion
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Tahble 3: Summary of metal levels in sediments at the sampling sites of Porong River
Algkg™  Fe(gkgl) Mn(gks™ Pbmgks™ Cumgke™ Znmgks™ Crimgkes™ Cdmgke™

Site and time Mean SD  Mean SD Mean 8D Mean 8D Mean SD Mean 8D Mean 8D Mean 8D

Control

Wet s1 2893 1.87 1812 166 0.50 0.20 8816 399 23.05 3.78 3782 156 ND ND 0.077 0.003
Dry s2 2649 150 1934 539 047 013 8500 13.23 3060 122 3343 021 ND ND ND ND
Dry s3 25092 302 1880 169 054 006 9000 1000 2959 072 3133 115 ND ND ND ND
Wet s4 1494 019 1751 085 055 002 4757 13.22 4072 3.11 2505 278 013 003 ND ND
Wet s5 1351 065 1517 036 068 003 2852 39.09 41.56 350 2283 098 ND ND ND ND
P1

Wet s1 3689 275 1764 245 074 006 101.0 1063 27.09 179 3777 225 767 074 0203 0.049
Dry s2 1020 008 1772 032 050 001 1199 3.70 1332 236 5211 025 045 005 ND ND
Dry s3 1746 001 21.08 233 057 000 1534 205 3251 301 6155 065 ND ND ND ND
Wet s4 1002 141 1894 330 061 002 9134 1890 9360 172 3759 201 233 031 ND ND
Wet sb 1281 139 1878 286 046 009 8860 247 5832 3.07 4657 098 1090 146 ND ND
P2

Wet s1 2682 669 2419 189 060 005 1007 3007 1908 403 4901 052 1634 265 0310 0.080
Dry s2 1440 293 1894 268 048 003 1073 575 1359 234 4438 025 1094 005 ND ND
Dry s3 1314 003 1705 079 047 001 1083 bH51 23.88 331 4322 107 ND ND ND ND
Wet g4 11.20 258 1732 157 107 015 5627 448 5068 11.99 3838 274 3609 369 ND ND
Wet sb 1077 015 1856 047 045 001 9145 1750 70.27 1299 4237 373 661 064 ND ND
P3

Wet s1 3207 057 2292 437 062 002 5629 993 1957 044 4949 047 1917 4.23 0413 0.075
Dry s2 2324 3.07 2256 461 058 006 1252 789 2192 015 3929 19 ND ND ND ND
Dry s3 3463 015 2235 098 063 001 1324 152 3191 059 3879 432 ND ND ND ND
Wet s4 1136 115 2001 256 044 003 4492 1296 3772 3.05 33.08 6.83 2826 846 ND ND
Wet s 1483 039 1743 132 050 001 3778 283 73.12 157 3392 249 002 ND ND ND
PELs* NA NA NA 112 108 27 160 4.2

Sail** 69.68 45.10 0.77 109 37.0 70 11.00 0.08

Clay** NA 47.00 0.85 25.00 42.00 100 NA 6.1

Code of sampling times, s1: January 2011; s2: June 2011; s3: July 2011; s4: Jarmary 2012; s5: February = 2012*) PELs (possible effect
level) according Canadian Sediment Quality Guidelines (CSQG, 2002);**) major elements that are found in reference to soil and clay
standards (UNDAC, 2006; Suprapto et al., 2007). ND: Not detected, NA: No available data, sd: Standard deviation. Bold font means
higher than the standard reference

The metal levels in Porong River sediments that are listed in Table 3 exhibit a general trend
in the following order 1.e. Al>Fe>Mn>Pb>Cu>/n>Cr>Cd. Statistically, there were no spatial and
seasonal differences of iron level between the sediment samples. Overall, the major metal species
i.e., aluminum, ircn and manganese in all sediment samples did not exceed the level that was found
in reference to soil and clay (UNDAC, 2008},

Moreover, the most observed metals in the sediments were in levels that are lower than the
Possible Effect Level (PELs) according to Canadian Sediment, Quality Guidelines for aquatic life
(C5QG, 2002), excluding the lead level in downstream sites during the dry season 1.e,
P1 (119-153 mg kg™ and P3 (125-132 mg kg™!) which were found to exceed the PELs of lead
(112 mg kg™,

Table 4 gives that the hierarchical aluminum in WBC of caged fishes was in the following order
ie., P2(377.92 mg kg™")>P1 (69.6 mg kg™ )>P3 (63.52 mg kg ">control (36.70 mg Al kg™"). The
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Tahle 4: Metal level in fish whole body composite (WBC)
Metal level at 7 days of the whole body composites of caged fish (mg kg™ dry weight body)

Sampling

Sites Al Fe Mn Pb Cu n Cr cd
Control 36.70+0.57 26.42+2.72 15.18+0.8 ND 9.70+0.47 13.98+64 <NDL =NMDL
P1 69.55:26.01 78.46+£21.0 44.2348.2 2.09+0.76 27.7540.3 30.80£8.4 <MDL <MDL
P2 377.92430.1 96.12+6.61 54.03£0.3 6.24:+0.46 30.13:0.6 28.19+2.2 <MDL <MDL
P3 63.52+19.22 29.93+0.44 36.85:0.6 1.42+0.01 30.17+0.1 11.93+1.9 5304010 0.62£0.01
MTL in feed of fish NA NA NA 10 100 250 NA 10

MTL in feed of rodent 200 500 2000 10 500 500 100 10

MTL: Maximum tolerable level in animal feed according the NRC, 2005, MDL: Method detection limit ND: Not detected; NA: No available
data

aluminum level in WBC of caged fishes at site P2 exceeded the Maximum Tolerable Level (MTL)
in animal feed (rodent and fish) according to the National Research Council (NRC, 2005)
that stipulated a level of 200 mg kg™ and was also significantly higher (p<0.05) than sites P1, P3
and control. For comparison, a whole body channel catfish sample collected from the Guadalupe
River in Texas and the Gila River in Arizona contained 56.1 mg Al kg™' wet weight and 67 mg kg™
wet weight respectively (Lee and Schultz, 1994; Baker and King, 1994). Similar to aluminum, the
trend of iron and lead in caged fish WBC was in the following sequences i.e. P2 (96.12 mg kg™ )>P1
(78.46 mg kg 1=>P3 (29.93 mg kg D=control (26.4 mg ke while the trend of lead was
P2 (6.24 mg kg 1>=P1 (2.09 mg ke H>P3 (1.42 mg kg H>control (not detected). The iron and lead
levels in WBC of caged fishes in all sampling sites were below the Maximum Tolerable Level (MTL)
in animal feed according to the (NRC, 2005) that stipulated a level of 500 and 10 mg kg™,
respectively. In all the sampling sites, manganese level in WBC of caged fishes were detected in a
range of 15.18 mg kg™'-54.03 mg Mn kg™ which is within the safe limit (>2000 mg kg™") according
MLT in animal feed (NRC, 2005).

The level of copper in WBC of caged fishes from all the sampling sites was in a range of
9.70-30.17 mg kg~ which was below the MLT in animal feed for copper that stipulated a level of
100 mg kg ! for fish and 500 mg kg™ for rodent. Zinc level in caged fish WBC from the control
(upstream) site (13.98 mg kg™!) did not show statistically any difference with zinc level that are
observed in the upstream sites (range of average 11.93-30.80 mg kg™"). As observed with other
essential metals, zinc level were found to be below the MLT in fish feed (250 mg kg™). Meanwhile,
chromium and cadmium that are detected in WBC of caged fishes at site PP3 (5.30, 0.82 mg kg™)
were also found to be below the MTL for animal feed (100, 10 mg kg™ (NRC, 2005).

The normal gills were observed in caged fishes from the control site. The secondary lamellae are
covered by a thin epithelial (Fig. 5) which allows for short diffusion distances and promotes efficient
exchange of oxygen and soluble metabolic wastes. Chloride cells that provide the primary means
for maintaining internal ionic homeostasis were located between the secondary lamellae on gill
filaments called primary lamellae (Yonkos et al., 2000).

Based on semiquantitive analysis cbtained, caged fish gills which are exposed for 7-28 days in
the control site exhibit low wvalue of Histological Alteration Index (HAI) of between 0.0-0.3
{(Table 5) which could be considered that the gills were in normal functioning of the crgan
(Flores-Lopes and Thomaz, 2011). Contrary to the control, the gills of caged fishes that are exposed

10



Fes. J. Environ. Toxicol., 8(1): 1-24, 2014

in the downstream sites exhibited symptoms of severe gill alterations such as hyperplasia chloride
cells and focal necrotic cells (Fig. 6 and 7) as well as showed higher value of HAI (>100) as listed
in Table 5.

Tahble 5: Histological alteration index of caged fish gills

Location Exposure period (days) Means of HAI Histological alteration status
CP 7 0.0 Normal

CP 14 0.0 Normal

CP 21 0.0 Normal

CP 28 0.3 Normal

P1 7 119.5 irreparable lesion
P1 14 200.3 irreparable lesion
P1 21 233.0 irreparable lesion
P1 28 NS NS

P2 7 121.0 irreparable lesion
P2 14 NS NS

P2 21 NS NS

P2 28 NS NS

P3 7 11.7 slight damage

P3 14 112 irreparable lesion
P3 21 167.0 irreparable lesion
P3 28 NS NS

NS: No sample anymare

LS |
s

Fig. 5: Histopathology of the caged fish gills from the control site. Gill exhibits normal of PL
(primary lamellae); SL (secondary lamellae). The chloride cells (CC) were located 1in the
primary lamellae
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14 days

Fig. 6. Histopathology of the caged fish gills from site P1 at 7 and 14 days exposure period
indicatedalteration of epithelial hypertrophy (EH); epithelial lifting (KL); epithelial rupture
(ER) and foeal necrotic cells (*). 14 days exposure period showed LEF (lamellae fusion);
extensive fusion lamellae (EFL), extention of the hyperplasia chloride cells (HCC) and

increased area of foeal necrotic cells (%)
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1a

Fig. 7. Histopathology of the caged fish gills from site P3 at 14 days exposure period. Gill shows
alteration symptoms: T (Telangiectasis), HCC (Hyperplasia of the chloride cells)

DISCUSSION

It is important to describe the chemical composition of mud in the LUSI pond as the origin of
the mud effluent, however, the chemical composition in the effluent pipe is highlighted as a point
source of pollution in Porong River. Refer to Fig. 2 exhibited that the aluminum, iron and lead were
found as the major metal in LUSI mud pond and effluent. The high level of aluminum and iren
was possibly related the abundance of aluminum (16%) and iron (9%) in the earth crust
{Taylor and McLennan, 1985). Meanwhile, the lead source is probably from earth crust, windblown
dust (Taylor and McLennan, 1985; ATSDR, 2007) and might also come from traffic near the LUSI
location as well as human activities in the LUSI pond (digging and pumping of mud) that allowed
concentrations of these substances in this spectrum to oceur (UNDAC, 2006) The mean level of
metal composition in the mud pond was greater than that measured in mud of the effluent,
excluding lead. Lead that observed at mud pond was 19 mg kg™ while in effluent was found in
range of 35-139 mg L. The high of lead level is possibly related with the digging and pumping
of mud activity prior to be channeled in effluent pipe.

Moreover, the metal species that were found in water of the effluent exhibited higher
concentrations than that found in the pond, for instance aluminum concentration level in the
effluent ranged from 1.8-8.1 mg L while the water samples from the pond was 0.28 mg L. These
findings might indicate that the excess water from the pond that was channeled to the effluent pipe
had become concentrated due to the accumulation process.

In general, the physicochemical quality in all sampling sites included temperature, DO, pH and
salinity was good for fish activities. Tilapia can still maintain swimming activities at an O, lavel of
1-2 mg L' while most warm water fishes can tolerate and fare well in the temperature range of
nearly 30-35°C (Kutty, 1968; Kutty and Saunders, 1973; Kutty, 1987; Uchida et al., 2000).
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Since the mud effluent was released without any special process, the Total Suspended Solid
(TSS) is the most suspected pellutant that could have occurred in the receiving water body.
Results of TSS concentration in all downstream sites (P1, P2 and P3) that observed in range of
672-4177 mg L' were exceeded the standard reference of water supply for Class III that is
regulated by the Indonesian government (Anonymous, 2001) and Water Quality Criteria for
Furopean Freshwater Fish in APIEM (2007) that stipulated a level of 400 mg L. More strictly,
USEPA (2008) stipulates suspended solids criteria for aquatic life in vary from 30 mg L™ up to
263 mg L' However, Alabaster and Lloyd (1980) reported that the probable suspended solid
conecentration would need to exceed 100,000 mg L™ to result in mortality over a short time frame
while no deaths have been recorded in concentrations of between 200 and 1,000 mg L%

The high concentration of TS5 at site P1 was possibly contributed by input of clay from
effluent. United States Geological Surveys or USGE (2008) reported that clay was found as
dominant material in Sidoarjo mud (73.6%). The differences of seasonal pattern of TSS was
observed among the sampling sites, where the peak of TSS concentration at site that near the
effluent discharge, P1, was found during the dry season and declined at wet season. Contrary,
concentration of TSS in the early part of the wet season at sites P2 and P32 was higher than that
of the dry season. It probably occurred due to the flushing of the diluted mud from site P1 to sites
P2 and P3 during the wet season.

USGS (2008) reported that the metal composition in the water of LUSI pond might be
represented substantially by colleidal contributions, as the samples were filtered only to 0.45 um
prior to analysis (Kharaka and Hanor, 2007; Kimball ef «l., 1995; USGS, 2008). Colloids are very
fine solid particles (0.001-10 pm in diameter) which are suspended in selution (USEPA, 1999). The
collaidal iron concentrations in surface water were found to be in the range size of 0.025-0.45 pym
{(Kuma et al., 1998). Due to the similar water sampling methods that were conducted by USGS, the
aluminum and 1ron concentrations in the current study was possibly dominated by the colloidal
stage. In nature, dissolved aluminum concentrations in water with near-neutral pH values usually
ranged from 0.001 te 0.06 mg L™ (WHO, 1998). However, aluminum concentrations that are
measured in all samples were found to be in the range level of 0.37-23.70 mg L' which means that
they had exceeded the natural value. As explained previocusly, it possibly occurred due to the
samples consisting of either dissolved or in colleidal form. For reference, Church ef al. (1999)
reported that the concentration of dissclved aluminum and colleidal aluminum at pH of 6.35 was
0.09 and 3.6 mg L ! respectively while colloidal iron exceeded 1 mg L.

Refer to the concentration of aluminum, iron and cadmium revealed that the water quality at
all downstream sites were not good for aquatic life and even for wild life and livestock. Meanwhile,
the maximum concentration of manganese, zine, copper and lead in all sampling sites were naot, safe
for aquatic life (USKPA, 2009a; Anonymous, 1998; Randall ef «l., 1999). The similarity of
hierarchical order of metal composition between water of Porong downstream sites and that was
found in the water effluent reflected the possibility contribution of effluent to the Porong
downstream quality. The Pearson correlation indicated that the metal composition in LUST effluent
has strong contribution to several metal concentrations at the downstream sites which included
aluminum (r = 0.64), copper (r = 0.55), zinc (r = 0.82) and cadmium (r = 0.72). Meanwhile, other
observed downstream metal concentrations such as iron, manganese and lead were possibly
contributed by any source of discharge streams which included the LUSI effluent.

The high mud portion at sampling site that nearest the effluent pipe, i.e., P1 (Fig. 4), possibly
affected by the mud effluent. Therefore, contribution the mud effluent to the chemical composition
of downstream sediment is might be occurred. As previously described, lead in mud and water of
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effluent was found higher than that found in mud pond. Moreover, lead was the only metal found
in the sediment that exceeded the permissible level. According to the Pearson correlation, lead in
downstream sediments might have been contributed by the water of the effluent (r = 0.82) and
enhanced by the runoff from upstream (r = 0.52). In addition, ATSDER, 2007 reported that a
significant fraction of lead carried by river water is from surface particulate matters from runoff.
In this study, lead concentration in water effluent ranged from 1.73-6.95 mg L™ while at the
upstream it was detected in a range of 0.051-0.38 mg L7! (Table 3). The source of lead at the
upstream section was probably from the industrial and anthropogenic activities in the surrounding
area (Hejah et al.,, 2010; Ajibola and Ladipo, 2011; Conceicao ef al., 2013). The upstream of Porong
River is part of the longest river in East Java namely the Brantas River that receives the
intermixing of urban and industrial pollution (Ramu, 2004),

Although the sites of P1 and P2 were located near the initial stage of the effluent, however, in
the dry season the aluminum level in sediments at sites P1 and P2 were lower than that of P3 and
the control site. It possibly occurred because sites P1 and P2 were near the effluent which was
located in the muxing zone between the effluent and surface water, hence, aluminum probably
dominated in the colloidal form. As a comparison, nearly half of the colloidal aluminum in the
Animas River was formed in the. mixing zone (Schemel ef al., 1999) whereas, in the site that was
far from the mixing zone, the colloid form would be aggregated and tend to precipitated then
accumulated in the bed sediment.

The most of the trace metals in Whole Body Composite (WBC) of caged fishes that are exposed
at the downstream sites showed higher levels than that found in the upstream site (control}. It
possibly occurred due to the metal conecentration in water of downstream sites generally higher
than that found in upstream which increasing opportunity to be taken up and accumulated in fish
(Jezierska and Witeska, 2006). The hierarchical of metal level in WBC of caged fishes which
showed following order 1.e., Al>Fe>Mn>Cu>Yn>Ph>Cr>Cd could be reflected in the species metal
bioavailability in the fish body. Similar with water metal concentration, aluminum and iron were
observed as the major metals in caged WBC.,

As the mixing zone of the effluent that was dominated by aluminum and iron, sites P1 and P2
could potentially be deominated by colloidal aluminum and colloidal iron (Witters et al., 1998)
(Table 2 and Fig. 3). Effect of these major metals to the experiment caged fishes is adjusted by
ambient water quality i.e. pH and TSS (LaZerte, 1984; Burrows and Hem, 1977; Pagenkopf, 1983;
Moiseenko ef al., 1995; Jezierska and Witeska, 2006; Wiggins-Lewis et al., 2002). Although there
were no significant differences of total aluminum concentration in the water of sites P1 and P2,
conversely, significant differences in metal levels of caged fish WBC (P1 =69.56 mg Al kg™,
P2=2377. 92 mg Al kg™ were found which indicated the differences of bioavailability.

The highest level of aluminum in the fish bedy at site P2 must be related to the rich aluminum
concentration and together with lower pH and lower TSS (Table 2 and Fig. 3: A1 =23.41 mg L}
pH =6.00; TSS = 459-1147 mg L") encouraged the aluminum to dissolve and therefore, increase
the bioavailability of aluminum. Contrary, the high aluminum level at site P1 (23.70 mg L) was
possibly maintained in the colloidal form due to the neutral pH and highest TSS concentration
(pH = 7.0; TSS = 11683-4177 mg L. pH level and TSS concentration at site P1 encouraged the
formation of stable metal complexes such as with colloidal size of silicate to form aluminosilicate
which have extremely low dissclution kinetic and were not expected to be absorbed by aquatic
organisms (Wiggins-Lewis ef al., 2002), hence, the aluminum in caged fish WBC at site P1 was
lower than that in site P2,
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Fig. 8: Survival rate (SR) of caged fishes. The caged fishes from upstream or control (Ct) survived
until 28 days and showed higher SR than those of the downstream (P1, P2, P3)

The excess aluminum in caged fishes at site P2 (Table 4) has a high risk of lethal disturbance
(Jezierska and Witeska, 2006), therefore, possibly contributed to the caged fish survival rate (SR)
value in this sampling site (Fig. 5). Meanwhile, aluminum concentrations in other sampling sites
and other trace metal species in WBC of caged fishes were in a safe level for animal feed. However,
in certain safe limits, several metals such as Fe, Mn, Cu and 7n play an important role as a
necessary nutrient and are essential for normal growth and metabolism of all living crganisms,
hence, relatively non-toxic to aquatic bicta (Wiener and Giesy, 1979; Cole, 1983; Schroeder ef al.,
1966; Carbonell and Tarazona, 1994),

As displayed in Fig. 8, the caged fish at the upstream (or control) survived for 28 days with a
weekly Survival Rate (SR) of between 93-66%. Meanwhile, fish from the downstream sites
exhibited shorter survival period = 21 days with SR value of 10-0%. The lowest SR was found in
site P2 which exhibited SR of 2446.5% for 7 days. In general, the hierarchical trend of SR, from
highest to lowest SR was in the following order 1.e., control>P1>P3>P2.

By adopting the reference of the in situ acute (96 h) and 7 days full chronic toxicity test that
was developed by Meletti and Rocha (2002) and Duke and Mount (1991) as well as the graph of
SR as displayed in Fig. 5, showed SR value at site P2 after 4 days was at a level of 32% (or fifty
percent. of fish population died <96 h) which means that the effect of LUSI effluent receiving water
at site P2 was acute. The effect of LUSI effluent receiving water at site P3 was categorized as sub
chronic as the fifty percent mortality of fish population occurred after 6 days. The longer period
(14 days) of fifty percent mortality caged fish population was cbserved at site P1 which means the
effect of LUSI effluent receiving water at P1 was chronie.

Using the analogy of the whole effluent toxicity (USEPA, 2004), the toxic effect of LUSI mud
effluent to the caged fishes might have occurred as the aggregate toxic effect from all pollutants
contained in the effluent with possibly different concentrations due to the dilution factor as the
differences of distance to the point of discharge. Moreover, aluminum was highlighted as the main
factor of the LUSI effluent toxic effect because it was found to be the major metal and showed
statistical difference compared to the control in all observed medium parameters (effluent, water,
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fish body). Since gills are continuously exposed to ambient water, they absorb oxygen and
water-soluble chemicals (Chezhian et al., 2010; Patel and Bahadur, 2010) and the caged fish gills
were suspected as the affected organ that 1s responsible for fish survival. The positive correlation
showed between histological alteration index (HAI) and concentration of aluminum (r = 0.65) and
TSS (r = 0.55) indicated that HAT might be correlated to the complex formation that 1s created by
suspended solids with aluminum.

The effect of LUSI effluent to the gills might have occurred due to the physical damage and
chemical alteration. LUSI mud particle size of less than 10 um could possibly be responsible for the
complexity of aluminosilicate in the downstream sites which then could possibly have clogged up
onto the gill surfaces, adhering the space between the gill filaments, thus, the physical damage and
fatal effect to fish mortality (USGS, 2008, Muracka et al., 2011; Chapman ef al., 1987,
APEM, 2007), whereas, the thin layers of epithelial tissues are vulnerable to alterations by changes
in the surrocunding physico-chemical conditions (Patel and Bahadur, 2010; Schlenk ef al., 2008).

Fish respond to toxic exposure in fairly specific ways but often the same response is elicited by
a variety of chemicals or chemical mixtures (Braunbeck, 1994). At the imitial stage, the clogged fine
mud particles, primarily colloid aluminum, could potentially induced the abrasion of the delicate
epithelial lining, hence triggering the adaptive respond of the gills by adjusting its structures and
resulting in histological alteration such as epithelial and chloride cell hyperplasia, epithelial lifting
and disorganization of the gill lamellas as presented in Fig. 6 (Phippen ef al., 2008; Kumar ef al.,
2012). With longer pericds of exposure, chronic symptoms, more massive alteration namely lamellar
fusion were observed (Fig. 6) which then led to death due to loss of large respiratory areas
(Karlsson-Norrgren et al., 2008; Roberts, 1989) whereas, hypoxia induced blood vessel expansion
called telangiectasis resulting in the most severe irreversible alteration, necrosis (Fig. 6 and 7)
(Karlsson-Norrgren et ¢l., 2006; Shimizu et al., 1996),

Furthermore, the level of pH and TSS could alter the different behavior and effect, of aluminum
to the physiological and structure of the gills. Structurally, the gill HAT value of caged fishes at sites
P2 was 121, indicating that the gills were in irreparable lesions (Table 5). At site P2, a pH level of
6 can potentially encourage the aluminum to dissolve, thereby, increase the monomeric aluminum
(A1*") (Gensemer, 1991). It was found that monomeric aluminum at pH 4.8-6.5 caused fish
mortality as failure of ionic regulation (Leivestad ef al., 1987). Therefore, the fine LUSI particles
together with both the aluminum colloidal species in the dissolved stage were suspected to be
responsible for the physico-chemical alteration which was reflected by alterations such as epithelial
and chloride cell hyperplasia. More severely, the chloride cell hyperplasia with high levels of
aluminum present in the gills may also interfere with the ionic influx across the epithelia and
chleride cells (Roberts, 1989).

Acute aluminum toxicity occurred by binding to functional groups of apical and intracelullar
gill epithelial, hence, disrupting its barrier properties, iono and osmoregulatory dysfunetion which
resulted in accelerated cell necrosis, sloughing and death of the fish (Exley ef al., 1991). Heavy
metal 1ons can readily bind to the gills and disrupt the respiratory and iono-regulatory function
(Playle, 1998). Accordingly, the acute toxic effect value at site P2 (Fig. 8) might have cccurred due
to the interference of excess aluminum in the gill cells which induced ionic balance disturbance and
enhanced by the failure of respiration that is related to gill histological alteration.

As previcusly described, sites P1 and P2 could potentially be dominated by colloidal aluminum
(Witters ef al., 1996) (Fig. 3), however, the values of TSS and pH in site F1 (Table 1) had the

advantage of reducing aluminum toxicity and therefore the mortality of caged fishes at site P1 was
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lower than that in P2, While the high TSS concentration provides aluminum to complexation with
organic ligand and silicate, the neutral pH allowed the extensive polymerization of the large
molecules in the water, thereby, diminishing the aluminum toxicity to the gills. The higher
aluminium polymers are less toxic than monomers (Rosseland and Staurnes, 1994,
Wiggins-Lewis ef al., 2002). Moreover, aluminum at higher pH values as showed in site P1
appeared to have no effect on sodium fluxes (Dalziel et al., 1986). The chronic effect of water
quality at site P1 to the caged fishes was possibly related to gills physically damaged by LUSI
particulates and colloidal aluminum with similar mechanism as previously discussed. Colloidal
aluminum that is freshly formed in the water column can be particularly toxic to fish
(Witters ef al., 1996). The chronic effect was marked by histological alteration namely lamellae
fusion as presented in Fig. 7 (Karlsson-Norrgren ef al., 2006). During the 21 days exposure the
HAT value in site P1 was a high 233 which indicated that the gills are in the level of irreparable
lesion,

Due to the aggregate toxie effect from all pellutants, contribution of other observed metals was
also considerable. Several metal concentrations in the downstream sites that were much higher
than the standard references including iron, lead, copper and cadmium (Table 2) potentially could
have toxic effect on the fishes. Moreover, the acute toxic of aggregate pollutants could have
increased 1n site P2 because at pH 6 1on activities of Fe and Cu increased across all levels of Al
addition (Gensemer, 1991). The precipitation of complex iron to the gills would lead to mortality
(Phippen et «l., 2008) while copper potentially disturbed the gill permeability to water and ions
{(Lauren and McDonald, 1986). However, as a toxic and non essential metals (Liden ef al., 2001),
cadmium and lead potentially danger because they could bicaccumulate and biopersist in tissues
over time (Ktesin and Benson, 2007). The lead in the ion form, primarily at lower pH and TSS could
enter into the body tissues of fish through the gills by binding itself to the mucus layer
{MacDonald et al., 2002). Furthermore, mucus may form a respiratory exchange obstruction
per se and may act as substrate for rapid growth of bacteria (Roberts, 1989). By enhancing the
aluminum toxicity, concentrations of iron, lead and copper also contributed to the lethal effect of
caged fish in the downstream sites.

Cnall HAT at site P3 after 21 days of exposure was in level 167 indicating that gill function status
was in the irreparable alteration. The gills of caged fishes that are exposed at site P35 showed severe
histological alteration, telangiectasia and hyperplasia of chloride cells (Fig. 7) which indicated the
physical and chemical trauma (Roberts, 198%). Cadmium found in caged fish bodies at site P3
indicated cadmium bioavailability, whereas in the dissolved form, cadmium might have been taken
up by the gills which posed high toxicity even at very low level (Kumar and Singh, 2010).
Cadmium in level of 0.002 mg L™ caused acute effect to the aquatic life (USEPA, 2009a). While
maximum cadmium at site P3 in the current study was in the level of 0.072 mg L™'. The prime
target of cadmium on the gills is chloride cells that provide the primary means for maintaining
internal 1onic homeostasis. This cell is also known as MRC (mitochondria-rich cell) and 1s associated
with enzymes of Na-K ATPase which indirectly energizes NaCl secretion by this cell (Yonkos ef al.,
2000; Evans et al., 2005; Garcia-Santos et al., 2006). Site P3 that represented the location furthest
from the effluent 1s also nearest to the mouth river, with fluctuation salimity of 0-1%o.. During the
transition from fresh water to sea water, gills adapt to the increased salinity by responding to a
rapid signal that stimulates chloride secretion (Zadunaisky, 1996). Therefore, due to the chloride
cell dysfunction and the failure of NaCl secretion which poessibly could have occur, thus, the fatal
effect of the caged fish mortality in site P3. Accordingly, the low SE value of caged fishes at site P3
(30%) was possibly caused by respiratory and csmoregulatory alteration that are contributed by
chemical effects of pollutant aggregates, mainly cadmium and physical damaged by LUSI particles.
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In conclusion, the flow of LUSI mud volcano lava into the river results in adverse effect in the
downstream quality including the abundance of complex metal-suspended solids primarily colloidal
aluminum accompanied with other discharge streams which potentially could have lethal effect to
the fishes due to the gill structural alteration and the excess aluminum level in the fish body.
Declining suspended solids accompanied by persistent abundance of colloidal aluminum along the
downstream sites present a higher risk to the aquatic ecosystem.
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