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an interstitial water toxicity bioassay

T. A. DelValls!, L. M. Lubidn®*, M. Gonzdlez del Valle? & J. M. Forja'

'Dpto. de Quimica Fisica, Facultad de Ciencias del Mar. Universidad de Cddiz, Apartado 40, 11510 Puerto Real,
Cddiz, Spain

2Instituto de Ciencias Marinas de Anadalucia, C.S.1.C., Apartado Oficial, 11510, Puerto Real, Cddiz, Spain
(*Author for correspondence; Fax: 34-56-834701, e-mail: luis.lubian@uca.es)

Received 2 May 1996; in revised form 24 September 1996; accepted 8 October 1996

Key words. ecotoxicology, interstitial water toxicity, rotifers, population decline parameters, particulate organic
matter

Abstract

Population decline of the rotifer Brachionus plicatilis has been evaluated as a sensitive and reliable bioassay for
assessing toxicity of marine sediment interstitial water. Three environmental conditions were examined using both
interstitial and seawater cultures: (a) adverse effects from dissolved contaminant concentrations; (b) effects from
particulate organic matter; and (c) increase or decrease of bacterial biomass from addition of mixtures of antibiotics.
Three different parameters were measured to characterize decline: (i) time required for 50% of inoculated population
to die (TLsp); (ii) curve of the decline rate of Brachionus plicatilis (upp); and (iii) graphical area contained
below plot of the egg:female ratio curve against time (Agp). Results indicated that, for each of the different
assays, the three parameters of the Brachionus plicatilis population decline test were sensitive to concentrations of
contaminants dissolved in interstitial waters (principally: total ammonia, Cu, Cr and alkylbenzenesulphonates) but
not to particulate organic matter. Nevertheless, the presence or absence of mixed antibiotics with the contaminants
may influence the Brachionus plicatilis population decline test, principally by retarding the hatching of eggs. Based
on these results, Brachionus plicatilis is confirmed as an appropriate organism for use as an indicator of interstitial
water contamination, using either decline rate, TLsy or both parameters. The presence of particulate matter has no
effect on these parameters, but the bacterial population may be an influence, although to a lesser extent than the
toxicants.

Introduction the primary cause of adverse impacts in an aquatic
environment (Luoma & Ho, 1992; Chapman, 1988),
especially in coastal ecosystems. In fact, most nat-

ural and anthropogenic chemical species which can

Determining the impact of contaminated sediments is
a key element in environmental risk assessment and

management of water resources. For this reason, the
role of aquatic sediments as arepository for and source
of significant amounts of contamination has led to the
development of a wide variety of toxicity tests for the
assessment of sediments. However, methods for mea-
suring the potential toxicity introduced into the water
column by contaminated sediment have not been exten-
sively evaluated. Toxicity testing of interstitial waters
is therefore important because dissolved forms of pol-
lutants are more bioavailable to aquatic biota and are

affect physicochemical conditions throughout whole
ecosystems are transported from the sediment to the
water column by means of dissolution in the intersti-
tial water. Solute presentation also has the advantage
of being generally simpler to test than whole sediment,
because solutions are less complex systems and eas-
ier to control. In addition, the potential distortion of
results due to grain size or other physical properties of
the sediments can be eliminated by removing contam-
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inants from the sediments before testing (Carr et al.,
1989; Giesy & Hoke, 1990; Long et al., 1990).

Examples of benthic macrofauna employed in inter-
stitial water testing have been reviewed by Luoma &
Ho (1992) and include: polychaete larvae (e.g. Areni-
cola marina — Walsh et al., 1986), sand dollar embryos
(Meador et al., 1990), bivalve larvae (e.g. Crassostrea
virginica — Cherr et al., 1990) and sea urchin larvae
(Strongylocentrotus purpuratus - Long et al., 1990).

Several authors have pointed out that, among the
zooplankton group, the Rotatoria are suitable organ-
isms for use in tests to evaluate the condition of
freshwater, estuarine and marine environments (Besch,
1982; Sladecék 1983; Fernandez-Casalderrey et al.,
1991a, b; Snell & Persoone, 1989; Weiss et al., 1992).
However, rotifers have not been used before in toxicity
bioassays of interstitial water from marine sediment
samples. The rotifer Brachionus plicatilis is an ubiq-
uitous species forming an important link in the marine
and estuarine food chain and, in fact, is frequently
used as live food for marine fish larvae. High densi-
ties of rotifers have been reported in enclosed areas,
like estuaries and saltponds, with a relative frequency
(Yufera et al., 1984) and sudden decreases in the pop-
ulation density could be originated by sediment dis-
turbance. Rotifers reproduce by parthenogenesis and
can be maintained as clones in laboratory cultures; they
have a short generation cycle (e.g.,2 days at 25 °C), and
experimental conditions are easily reproduced. Also,
their small body size (0.18-0.25 mm) allows cultiva-
tion in small volumes with high densities of individu-
als.

The present study was carried out to determine three
different environmental conditions using the decline of
a Brachionus plicatilis population to assess interstitial
water toxicity. The three samples assayed were: (1) an
interstitial water of marine sediment, highly contami-
nated by urban effluent, for the main toxicity analysis;
(2) the same interstitial water, both filtered (0.45 )
and unfiltered, to evaluate the effect of the particulate
organic matter present; and (3) the same interstitial
water diluted with specific volumes of an antibiotic
solution, to evaluate the potential effects of an increase
or decrease in bacterial biomass on Brachionus pli-
catilis populations.

Material and methods

Sediment sample collection and interstitial water
extraction

The sediment used in the test was collected using a
Van Veen grab from the discharge point of highly con-
taminated urban effluent produced from San Fernan-
do, an industrial town in SW Spain with approximate-
ly 100000 inhabitants (DelValls, 1995). The samples
were homogenized until textural and colour homo-
geneity was achieved, and then placed on ice and trans-
ported to the laboratory. Interstitial water was extract-
ed from the sediment by centrifugation at 2600 x g
for two hours at 2 °C (Ankley & Schubauer-Berigan,
1994); the resulting supernatant was placed in borosili-
cate erlenmeyer flasks of 500 ml and kept in darkness at
4 °C until used for assays, no more than 48 hours later.
The aliquot for the chemical analyses was frozen until
used. Oceanic water was collected (36°15'N 6 °20'W)
using Niskin bottles placed on ice and transported to
the laboratory, an then filtered (0.45 pm).

Chemical analysis of interstitial and sea waters

The pH (SWS) (Hansson, 1973) was measured with
an ion analyzer (Radiometer, ION85) using com-
bined glass electrodes (GK 2401 G). Nutrient analy-
ses (ammonia, phosphate, nitrate and nitrite, silicate
and dissolved organic carbon) were carried out in a
TRACCS 800 Technicon autoanalyzer. The concen-
tration of metals in the interstitial and sea water sam-
ples were determined using differential pulse anod-
ic stripping voltametry (DPASV); measurements were
taken with a static drop mercury electrode (SMDE),
using the Metrohm 693 processor. The concentration
of surfactants, linear alkylbenzenesulphonates (LAS),
was measured following a procedure for the isolation
and preconcentration of the LAS based on solid phase
extraction using an octadecyl reversed phase silica col-
umn (Cig) and a strong anion exchange column (SAX).
The resulting LAS was then analyzed in a Waters high-
performance liquid chromatography equipped with a
fluorescence detector (Gonzélez-Mazo, 1995).

Organism selection and assay conditions

Toxicity tests were conducted with the estuarine rotifer
Brachionus plicatilis, S-1 clone (Pozuelo & Lubidn,
1993), isolated from saltmarshes near C4diz and main-
tained in our laboratory under controlled conditions.



The S-1 clone is characterized by a low level of mic-
tic female and male production. The rotifer inocula
came from cultures in exponential growth phase, fed
on the microalga Nannochloropsis gaditana (Eustig-
matophyceae), and exposed to a constant temperature
of 25 °C and continuous light (2000 lux), as the experi-
mental conditions. To initiate tests, rotifers were sieved
through a mesh of 63 um pore size and poured back
into different beakers with each assay medium in a total
volume of 50 ml, as follows:

(A) Two control assays: the first one consisting of
filtered seawater (C) and the second one of fil-
tered seawater containing a mixed antibiotic solu-
tion (neomycin, amoxicillin and chloramphenicol
in ratio 1:1:1 v/v), with a final mixture concentra-
tion of 21 mg 17! (C™).

(B) Two raw interstitial water assays: the first one con-
sisting of interstitial water recently obtained from
sediment (IW) and the second one of the same
water containing the mixed antibiotic solution as
specified above (IW*).

(C) Two filtered interstitial water assays: the first one
consisting of interstitial water previously filtered
(0.45 pm) (FIW), and the second one of the same
water containing the mixed antibiotic solution as
specified above (FIW*).

All assays were performed in duplicate. Initial
environmental conditions for the toxicity bioassays
were: salinities 281 and 334 1; pH: 7.9+0.1
and 8.0£0.1, and dissolved oxygen 5.3+0.7 and
6.2+ 1.0 mg0O; ml~!, for the interstitial water and
for seawater respectively. In all the assays, the rotifers
were unfed and the medium was not renewed during
the six days of the exposure time to the different medi-
ums described above. The initial rotifer concentration
was about 270 individuals per ml for each duplicate of
test mediums (50 ml), which allows a significant and
feasible response in the decline population assay. The
length of rotifers ranged from 180-200 pm, and the
eggs:female ratio was 0.38.

The time between preparation of the medium solu-
tions, culture treatment, and introduction of the test
rotifers was kept to less than one hour so that changes
in the toxicity of the interstitial water after sample col-
lection were minimized.

Data calculation and statistical analysis

Subsamples (0.5 ml) of each rotifer culture (50 ml)
were taken daily (at least twice per day) for 6 days
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and counted by stereoscopic microscopy (50 x). This
is the minimum sufficient time required to evaluate the
intrinsic responses (e.g. mortality, reproduction) of the
whole population to each of three treatments. A first
count was done of dead rotifers (individuals showing
no internal or external movement for 10 seconds); a
second count was done of the total number of rotifers
and amictic eggs, which had previously been fixed with
3% buffered formalin. Then diluted samples of the
culture (10 ul each) were taken and placed on Marine
Agar 2216 (Difco) and incubated for 48 hours at 35 °C,
followed by a count of total heterotrophic bacteria. The
number of bacteria was determined by the total viable
cells (CFU) enumeration method (Buck, 1979; Ray,
1979; APHA, 1985). All counts were performed in
duplicate.

From plots of the decline curves, three parame-
ters were calculated: (a) time required for 50% of the
population to die (TLsp); (b) the decline rate of B. pli-
catilis population (ugp); and (c) the area under the
egg:female ratio curve against time (Apgp), as an index
of viability of the rotifer population.

The parameter TLsy was calculated by linear
regression of log toxicant time on decline probit val-
ues, using a probit analysis modified from the classic
methodology to obtain the common toxicological para-
meter: ECsg or LCs (Bliss, 1934; Rand et al., 1995).
The modification uses the percent mortality from the
initial population versus time. Only those regressions
yielding significant x? values were used to calculate
the TLso. The decline rate parameter (upp) was cal-
culated as the slope of the straight line resulting from
exponential regression of the rotifer density against
time (hours). The area under each set of egg:female
ratio curves (Agp), was calculated by Simpson’s rule
(Shenk, 1984).

It should be noted that the rotifer decline toxicity
test is considered valid only if the mortality rate in the
negative control (C') differs by less than 10% from the
reference data for this species when cultivated in unfed
conditions (Pozuelo, 1975).

The resulting parameters (TLsg, upp, Agp) from
the duplicates of the six assays (including controls)
were compared using MANOVA and Scheffe’s F tests
to identify significant differences in sensitivity between
assays (P<0.01).
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Table 1. Characterization of seawater (C) and intersti-
tial water (IW) used to develop the six assay treatments
evaluated in this study. Concentrations of dissolved car-
bon (DOC), and of the five nutrients (phosphate, silicate,
total ammonia, nitrite and nitrate) are expressed in mg
1~1; the linear alkylbenzensulphonates (LAS) and the
seven heavy metals (Fe, Mn, Zn, Cu, Pb, Cd and Cr) are
expressed in pg 171,

Parameters w C Para- W C

meters
DOC 111.15 3.25 Fe 459.9 12.1
phosphate 255.44 —* Mn 12443 11.7
silicate 138.47 30.28 Zn 99.7 787
total ammonia 2801.49 15.21 Cu 450.7 103.1
nitrite 1.28 0.71 Pb 1352 351
nitrate 125 361 Cd 1.39 09
LAS 28956 332 Cr 48 1.7
* not detected
Results

The principal characteristics of the sediment from
which the interstitial water was extracted were: par-
ticle size (0.9% >20 pm; 22.7% 2-20 pm and
76.4% <2 pm); specific surface (7.35 m> m~3); organ-
ic carbon (12.28%); total carbon (12.51 mg kg~! dry
sediment); total nitrogen (0.76 mg kg ~! dry sediment).
Detailed analyses procedures are reported by DelValls
(1995). Selected results from the analysis of the control
seawater (C') and contaminated interstitial water (IW)
are presented in Table 1. Measured levels of dissolved
organic carbon (DOC), nutrients, LAS, and the heavy
metals Fe, Mn, Pb, Cu, and Cr were higher in intersti-
tial than in sea water. However, the other two metals
analyzed (Zn and Cd) showed fairly similar concentra-
tions in both interstitial and seawater.

The rotifer number and egg density curves for each
toxicity test and control assay are shown in Figure 1.
Neither males nor resting eggs were observed in any
of the counts. Despite absence of additional nutrients,
the rotifer densities increased during the first two days
of all tests, as a result of the high initial egg:female
ratio. After this time, there was an exponential decrease
of population density that was significantly more pro-
nounced in rotifers exposed to interstitial water. The
three decline parameters calculated are presented in
Table 2 and they all confirm a significant contami-
nation effect on decline curves from interstitial water
compared with control seawater. For a full discrim-
ination between the effects of bacterial biomass and
particulate organic matter, a three-way MANOVA test

Table 2. Results of the analysis of the three parameters (each n=2)
used to characterize the decline process in Brachionus plicatilis,
as described in text: upp (units: k h—1) x 10~3; TLsy (units:
hours), ABP [units: ratio of number of rotifer eggs and number
of rotifers mi~! h—! x 10%). The decline rates are shown with
the correlation coefficient (r) from the adjusted start line.

Treatment ppp (kh™')  TLso (h) App [egg
female=! ml1—! h—!

C 59+03 12344124 0.100 £ 0.001
r=—0.8 £ 0.1

C* 821 +£09 1149 +3.7 0.131 £ 0.025
r=—0.8 £ 0.1

w 143 + 1.6 346+ 1.5 0.164 £ 0.001
r=-09 + 0.0

Tw* 329433 203+ 0.7 0.174 £ 0.020
r=—0.9 £ 0.0

FIW 203 +04 355+ 1.7 0.231 £ 0.002
r=—0.9 £ 0.0

FIwW* 242 +04 243 +3.6 0.184 £ 0.001
r=-0.9 £ 0.0

was performed on the results of the three parame-
ters obtained from the curves (Table 3). For all three
parameters, the differences observed between conta-
minated interstitial water and control seawater assays
were significant (P <0.05), whereas presence of par-
ticulate organic matter showed no significant effect
(P<0.05). Finally, antibiotic treatments produced dif-
ferent responses in the different parameters measured
in the analysis. The effect of antibiotics on the bacterial
population is represented in Figure 2. In the absence of
antibiotics, the number of bacteria increased with time,
whereas in the presence of antibiotics, the number of
bacteria was maintained below six orders of magnitude
during the first eighty hours.

The parameters ppp and TLsp showed significant
differences between all the assays (P =0.0086) but
the differences were more evident in the assays of
interstitial waters (P =0.0024); the parameter Agp
was significantly homogeneous between all the assays
(Table 3).

Discussion

The degree of contamination of a sediment sample
is usually based on the chemical analysis of the bulk
sample. Different contaminants, however, will be more
or less bioavailable depending on the various chemi-
cal and physical characteristics of the sediment (e.g.
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Figure 1. Brachionus plicatilis abundance (number of females per millilitre) and egg abundance (number of eggs per millilitre) during the time
of the bioassay (hours) in the three different assays: (a) two seawater control assays (C and C*); (b) two raw interstitial water assays (IW and
IW*); and (c) two filtered interstitial water assays (FIW and FIW*). The treatments represented by (*) were associated with the use of antibiotic
mixture to control the bacterial biomass. The two different symbols (triangle and circle to describe rotifer density duplicates and squares and
inverse triangle to represent egg density duplicates) represent the two measurements for each duplicated assay and the line shows the fitted

trend.

total organic carbon content, pH of interstitial water,
grain size or specific surface). More specifically, recent
studies have demonstrated that for certain nonpolar
organic contaminants (Suedel et al., 1993) and for
inorganic contaminants (Bryan & Langston, 1992),
the key exposure route is from the interstitial (pore)
water. Likewise, the toxicity of any contaminant can
be expected to affect benthic invertebrates only if the

chemical concentration in the sediments is high enough
to result in the equilibrium interstitial water concentra-
tion produced by desorption being equal to or higher
than the concentration demonstrated to cause an effect
in a water exposure toxicity test (Campbell et al., 1988;
Carr et al., 1989; Landrum et al., 1991). However, the
resulting chemical data provide little or no evidence of
biological consequences of contamination measured
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Figure 2. Total heterotrophic bacteria (by the CFU total viable cells enumeration method) during the time of the decline bioassay, using
Brachionus plicatilis in the three different assays: (a) two seawater control assays (C and C*); (b) two raw interstitial water assays (TW and
IW*); and (c) two filtered interstitial water assays (FIW and FIW*). The treatments represented by (*) were associated with the use of antibiotic
mixture to control the bacterial biomass. The two different symbols (circles and squares) represent the two measurements for each duplicated

assay and the line shows the fitted trend.

in interstitial water which can only be demonstrated
by toxicity tests. By conducting toxicity tests with
pore water samples directly, all the key factors con-
trolling bioavailability, and hence toxicity, can be eval-
uated without potential interference from non-related
effects of other sediment characteristics (e.g. grain
size). The principal disadvantage of the pore water
sample approach to sediment toxicity testing is that the
samples may be modified from their natural state in

order to make them testable: salinity may be altered,
dissolved oxygen and pH may be increased. However,
since the rotifer Brachionus plicatilis was easily cul-
tured, none of these variables had to be changed from
their original states. As a result, the observed toxic-
ity of the contaminants did not decrease (e.g. heavy
metals).

Since the rotifers were unfed during the bioassay,
any possible interaction between the effects of con-



Table 3. Results of the three-way (MANOVA) analysis on three
different interstitial water assays: toxicity, bacterial biomass (antibi-
otic effects), and particulate organic matter (filtration effects), from
the three parameters used to characterize the decline process in
Brachionus plicatilis, as described in text: pgp; TLhsy and Agp.
The signs (+) and (-) show whether significant differences (P<0.03)
between assays were or were not found.

Assay treatments
Parameter Toxicity  Antibiotics  Filtration
ppp (071 + + -
TLsp {h) + + -

Applef Imli—! 1 4 - -

tamination on the rotifers and on the microalgae that
serve as their food was eliminated. Only in treatments
without antibiotic mixture, could a source of food,
‘bacteria’ be available, but the results (Figures 1 and
2) show no or minimum effect of this kind of food and
in this environmental densities. In our experiments,
the high eggs:female ratio resulted in an increase of
the rotifer population in the first 48 hours, after which
the rotifer densities decreased significantly faster in
all the interstitial water assays than in seawater. This
behaviour has been described by other workers testing
the adverse effect of antrazine and bifenthrin in several
freshwater rotifer species (Hoagland et al., 1993).
From chemical analysis of the interstitial water,
only ammonia, LAS, and the metals Cu and Cr could
be considered to reach toxic concentrations (Mance,
1987; Giesy & Hoke, 1990; Hoke et al., 1992). De-
ionized ammonia is considered to be one of the pollu-
tants responsible for limiting the population growth of
aquatic animals including rotifers (Hirayama, 1987).
For Brachionus rubens, Schiiiter & Groeneweg (1985)
considered that, in the range of 3—5 mg NH3-N 11, the
reproduction rate is reduced, although no animals are
killed, but at concentrations over 5 mg NH3-N 177 the
rotifers die within 2 days. For B. plicatilis, Snell et al.
(1991) establish 24 h L.Csp value for free ammonia of
38 mg 1~'. Bearing in mind that, in our experimental
conditions, the amount of free ammonia is significantly
higher (~ 129 mg171), it is reasonable to conclude that
free ammoniain the interstitial water analysed is one of
the principal contaminants responsible for the signif-
icant response. Free ammonia concentration has been
cafculated using the pH data for interstitial water using
the values for the equation of the ionic equilibrium con-
stant for the ammonia (X;) and the ionic equilibrium
constant of water, (K,) reported by Trussell (1972).
This calculation offers a approximate value based in the
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approximation of the values reported by Trussel (1972)
for the expressions of the ionic constants, in which are
not included effects like ionic strength (see Whitfield,
1974, 1993; Johanson & Wedborg, 1980). The copper
concentration in our assays is higher than those report-
ed for LCsp values in B. plicatilis by Snell & Persoone
(1989) and Snell et al. (1991). For the contaminants
LAS and Cr, there is no available toxicity data for Bra-
chionus plicatilis, but dissolved concentrations in our
samples are higher than those associated with adverse
effects for other organisms in tests developed using
solute exposure media (Mance, 1987; Saquid, 1992).
The concentrations of the other metals identified are
below those reported for NOEC (‘no observed effect’
concentration) in B, plicatilis (Snell & Persoone, 1989;
Snell et al., 1991).

The presence of particulate matter in interstitial
water did not influence the three parameters used to
characterize the decline process, whereas the antibi-
otic treatment did have a significant effect on both
decline rate and TLsp parameters. Although the possi-
bility that the antibiotic mixture directly affected the
rotifers cannot be ruled out, Arndt (1993) makes it clear
that B. plicatilis has a low-to-medium ability to feed
on bacteria in natural ecosystems but that, at high pop-
ulation densities, such as in live feed cultures, rotifers
may be efficient at removing bacteria from the culture.
This process could have an influence which contributes
to the lower of decline curves observed in rotifer popu-
lations without antibiotics, whereas the area below the
egg:female ratio curve could not have been affected.
However, this latter parameter is significantly lower in
control seawater than in interstitial water assays.

Nevertheless, it is interesting to note that the num-
ber of eggs increases slightly in the early period in all
cases and later decreases as the rotifers hatch. This
decrease is more rapid in seawater than contaminated
water because egg numbers are kept higher for a longer
period in the contarninated water (see Figure 1), where-
as the assays with antibiotics have no influence on this
process. These results suggest the possibility that con-
tamination in the water can affect the rotifers by retard-
ing the time taken for eggs to hatch, although further,
more specific experiments are necessary to confirm and
quantify this effect.

Other standarized toxicity tests (Snell & Moffat,
1992) are also based on rotifer population life cycle
but these use freshwater species. Since the focus of
this study is marine interstitial water, the more appro-
priate seawater species, Brachionus plicatilis was used
in these tests. The criteria for the tests, e.g. a popu-
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lation parameter, were not changed. Previous studies
using B. plicatilis analyzed individual responses (Snell
& Janssen, 1995) and specific responses of the pop-
ulation (ingestion rates of populations in exposures
times of 1 h, (Juchelka & Snell, 1995)), whereas in the
present paper we evaluated the responses of the whole
population in a exposure time of 6 days, until the death
of almost all the individuals. To the author’s knowledge
Brachionus plicatilis, has not been used previously to
evaluate in situ interstitial water toxicity. A range of the
relevant environmental variables must still be investi-
gated, but the use of Brachionus plicatilis has already
showed promising sensitivity relative to conventional
tests, e.g. Microtox® test (DelValls, 1995).

In conclusion, B. plicatilis is a suitably sensitive
organism for use as a measure of the contamination of
interstitial water, by means of either the decline rate or
TLso parameter, or both. Presence of particulate matter
has no effect on these parameters, but the bacterial
population can have some influence, although less than
the toxicants.
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