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Abstract

The objective of our work in the second year is to
determine the organ-specific toxicokinetics and
dose-responses of arsenic (As) burdens in tilapia. We
linked kinetically an AUC-based acute toxicity model and
a pharmacodynamic model to derive dose-response
relationships between equilibrium organ-specific As
concentrations and mortality effects. The 7-d exposure
test revealed that the highest bioconcentration factor
(BCF) is found in the stomach and the lowest one is in
the muscle, and the values are 9.56 and 1.04, respectively.
The order of BCF was stomach > intestine > liver > gill >
muscle. The 7-d acute toxicity bioassay showed that 24
and 96-h LCs, for tilapia exposed to As are 69.06 and
28.68 mg L™, respectively. Dose-response relationships
followed the refined Hill equation indicated that that the
muscle, gill and liver have a relative steep sigmoid
dose-response profile in that 1ECs, are 26.6, 62.5 and
785 pg g* dry wt, respectively. We suggested that the
gill could be used as a surrogate in site-specific risk
assessment.
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toxicity;

is widespread in the environment as a consequence of
both anthropogenic and natural processes. Chen et al.
(2001) indicated that long-term exposure to ingested
inorganic As in artesian well water has been found to
induce blackfoot disease (BFD) in southwestern coastal
Qréa of Taiwan. Nowadays, most of the people living in
dhese areas do not drink water from artesian wells
because tap water has been made available in this area.

oHoweers jan well water is still used for
aquaculture. Han et al. (1998) reported that the
consumption of contaminated fish/shellfish has been as
an important route of human exposure to trace elements
in Taiwan. Farming tilapia (Orechromis mossambicus)
is a promising practice in the BFD area because of its
high market value.

Currently, a lack of reliable data exists on uptake
and effects of As in tilapia, and little is known about
the actual uptake and elimination processes. The
objectives of this paper are twofold: (1) to provide
knowledge of the organ-specific toxicokinetics and
distributions of As in tilapia and (2) to construct
dose-response relationships of As in target organs of
tilapia by kinetic coupling of an acute toxicity model
and a pharmacodynamic model.

Materialsand M ethods
Exposure Experiments

The present laboratory study was designed to
examine the accumulation ability of arsenic in the
muscle, gill, stomach, intestine, liver, and whole body
of tilapia. We conducted an uptake experiment in As
concentration of 1 mg L™ for 7 d based on the
suggestion by Suhendrayatna et al. (2001).

The As solution was replaced daily to avoid the
regression of ambient water quality. The measured As
concentration was 0.94+0.072 mg L™ In order to
analysis the As uptake by the fish, 3 fish were
sequentialy removed from each tank after O, 1, 2, 4,
and 7 d of exposure. An adequate portion of the gill,
intestine, liver, stomach, and muscle of each individual
was collected. The dissected tissues samples were
freeze-dried overnight, and then grounded to fine



Table 1. Estimates for uptake rate constant (k;), elimination rate constant (k) and bioconcentration factor (BCF),

during a 7-d As-exposure period for O. mossambicus

Target organ ke (mL g d?) ko (d) BCF (mL g
Gill 0.31+0.086 0.028+0.11 2.44
Liver 0.61+0.15 0.1+0.11 3.07
Muscle 0.24+0.08 0.13+0.029 1.04
Intestine 0.67+0.16 0.61+0.098 4,19
Stomach 1.53+0.73 0.063%0.2 9.56
Whole body 0.49+0.11 0.075+0.09 5.03
powder in a grinder. A 500 mg portion of the powder Dose-Response Models

overnight at room temperature. The resulting solution
as evaporated and the residue redissolved in 0.1 N HCI.
was digested in 10 mL concentrated HNO; (65% wt)

Acute Toxicity Assays

Laboratory static bioassays were conducted to
determine the 24-h, 48-h, 72-h, 96-h, 120-h, and 144-h
LCs, values for tilapia exposed to As. The nominal
concentrations of As tested were 0 (control), 1, 2, 4, 10,
30, 50, and 80 mg L™ (Hwang and Tsai, 1993). Gross
mortality of fish to each concentration was recorded
every 1 h for the first 12 h and every 2 h thereafter for
96 h, and dead fish being removed every 1 — 2 h. The
water quality management protocol was the same as
deployed as the exposure experiments.

The LCsq values were determined from maximum
likelihood estimates of linear functions relating log As
concentration to probit transformations of percent
mortality (Finney, 1978). The LCg values were
determined using mean assayed As concentrations and
cumulative mortality.

Data Analysis

The method to determine uptake and depuration
rate constants for each target organ was used by fitting
concentration data to the integrated form of the kinetic
equation for constant water exposure, using iterative
nonlinear regression,

- (orak K _ alra) )
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where C; is the time-dependent As concentration in the
target organ of tilapia (U g g%, ki is the tilapia uptake
rate constant (ml g™ d™), k; is the depuration rate (d)
congtant of Asand t is the time in d. The organ-specific
bioconcentration factor (BCF) can be calculated as:
BCF = k; / (k; + @), representing the net accumulation
ability that is the result of the competition between
uptake and depuration associated with growth dilution.

Arsenic Acute Toxicity Models

The AUC-based TIC toxicity model employed in
determining the internal lethal body burden at the site
of action that cause 50% mortality, C_so(t). When the
exposure time approach infinity, a relation among
LC50(0°), CLy50(0°) and BCF as

Cys0() = LCqy(0) x BCF- (2

In pharmacodynamic modeling, the relationship
between dose effect and dose concentration is
commonly expressed by the Hill equation or is referred
to as the sigmoid E,, model ( Bourne, 1995; de Vries,
1996), We combine Egs. (1) and (2) incorporated
with internal lethal body burden derived from TIC
toxicity model to construct dose-response profiles. The
mathematical model for dose-response relationships
between mortality and As levels in different target
organs of tilapia can be obtained by refining the Hill
equation in as

_ MmaxXC?‘i _ Mmaxfon,i

I CIT,SOi (oo) + C?,i (BCFi x Lcso (°°))n + C?‘i
where M; is mortality for target organ i, C;; is the
internal As concentration in target organ i, BCF; is the
bioconcentration factor for target organ i, My, is the
tilapia maximum mortality exposed to waterborne As.
With sufficient data of percent mortality over a suitable
As concentration in water associated with the specific
interval of LCs, data, we can estimate best-fit values of
Hill coefficient by nonlinear regression.
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Results
Toxicokinetic Parameters and LCxy(t) Data

The highest k; occurs in stomach, which is 2 times
higher than that of intestine and liver. Muscle is the
major biomass yet shows the lowest uptake ahility.
BCF values of target organs are all above 1, ranging
from 1.04 to 9.56, showing the potential to accumulate
As when the tilapia was exposed to a given waterborne
These toxicokinetic parameters not only can be used to
describe the uptake and depuration ability of target
organs of tilapia but also can be further used to predict
the dose-response rel ationships of these target organs.

The selected time intervals of LCsy values lower
progressively as the duration of exposure increases. Our
96-h LCxss of As to tilapia is 28.68 (95% Cl: 24.92 —
32.44) mg L™, which is closed to the range of 96-h LCs,
of Asto seawater tilapia (26.5; 95% Cl: 23.2 — 33.8 mg
L™, yet lower than that of to freshwater tilapia (71.7;
95% Cl: 67.8 — 76.4 mg L™) reported by Hwang and
Tsai (1993).

The optimal fits of the AUC-based TIC toxicity
model to the LCsq(t) data are presented in Figure 1. The
estimated values for LCgy(e0) and AUC{/BCF are 25.55
mgL*and 46.36 (mg d L™)/(L kg?), respectively. (r? =
0.80, p < 0.05).
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Fig. 1. Optimal fit of the AUC-based TIC acute toxicity
model to the L Cgy(t) data (mean £ 95% ClI)
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Fig. 2. Optimal fit of Hill equation to observed percent
mortality of tilapia verse waterborne As concentrations
in the 96-h acute toxicity bioassay.

Dose-Response Relationships

Eg. 3. provides a tool to predict the relationships
between organ-specific internal residue and mortality.
Figure 3 shows that muscle, gill, and liver have relative
steep sigmoid dose-response profiles with mortalities
approaching 100%, whereas intestine and stomach have
lazier sigmoid dose-response profiles. The median
internal effect concentration (IECs) and IEC,, for
muscle, gill, and liver are 26.6, 15.5; 62.35, 36.35; and
78.45, 47.74 pg g* dry wt, respectively. We suggested
that the gill can be used as a surrogate to assess the As
toxicity to tilapia due to it's higher sensibility to toxic
effects and the sampling convenience.
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Fig. 3. The derived organ-specific dose-response
relationships between equilibrium internal  effect
concentration of As in target organs and mortality
effects for tilapia O. mossambicus.
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