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Lower Danube River (LDR). Samples (10 — 30 gr) of liver, muscle, fat, gonads and skin tissues collected in October 2003 from 21 adult

specimens of three sturgeon species: Acipenser stellatus (10), A. gueldenstaedtii (2), and Huso huso (9) were analysed for content in Cd,

Cu, Zn, Pb, Mn, Fe and Ni, using VARIAN Spectra A100. The highest concentrations of Zn, Cu and Cd were found in liver and the smallest
in muscles of sturgeons. The highest heavy metal content was detected in tissues of stellate sturgeons, followed by Russian sturgeons. In all three
species Cd and Cu content of the liver as well as of the stellate sturgeon muscle surpassed the admitted limits for human consumption (Cd — 0.05;
Zn - 50; Cu — 5.0; Pb — 0.3 [mg / kg wet weight]). In view of a future re-opening of the commercial fishing of wild sturgeons it is strongly
recommended testing the heavy metal level prior delivering sturgeon products to the market. Avoiding human consumption of liver of sturgeons
captured in the LDR is strongly recommended as well. In the case of Cd a bio-accumulation with age of sturgeons was visible. In all species males
seem to accumulate more heavy metals in their tissues. We explain this as effect of more frequent spawning migration of males in the LDR, the
major contamination source. Beluga sturgeons show less heavy metal bio-accumulation of tissues.

ABSTRACT This study investigates bio-accumulation of heavy metals in tissues of sturgeons of the North-Western Black Sea and
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INTRODUCTION

Stocks of Eurasian sturgeon species dramatically decreased during the last decades due to the poorly regulated fishery, illegal
catch, overharvesting, loss of spawning habitat, water quality, and serious chemical pollution. The chemical contamination seems
to be one of the most significant factors influencing sturgeon populations and the impact of pollutants on sturgeons is highly topical
worldwide ([1]; [5]; [10]; [13]; [15]; [17]; [18]; [23], [27]).

Fish, as part of the aquatic food chain, are the most likely route of human exposure to contaminants. Due to urbanization, industry,
agriculture or mining, human activities dictate the frequency and intensity of water contamination by heavy metals [27].

Heavy metals may enter the fish either through direct consumption of water or organisms (zooplankton, phytoplankton and benthic
fauna) or by uptake through epithelia like the gills, skin and digestive tract. Fish assimilate the metals by digestion, ion exchange of
dissolved metals across lipophilic membranes. Bioaccumulation of heavy metals causes irregularities in physiological processes in
fish, depending on their uptake concentration in tissues ([11]; [27]).

Due to the high lipid content of sturgeon body, long lives, long juvenile stage and benthivorous diet, sturgeons are at a high
potential risk for accumulating metals in their tissues ([3]; [7]). Fish feeding on benthic organisms, such as sturgeons, are directly
exposed to contaminated sediments while others are exposed when toxicants from sediments are re-suspended into the water
column [27]. Moreover, heavy metals were reported to affect various developmental processes during the embryonic period of fish,
resulting in a decrease of offspring quantity and quality [9].

Although iron (Fe), zinc (Zn), copper (Cu) and manganese (Mn) are essential elements in organism nutrition and fulfii many
biochemical functions in organisms, they can also produce toxic effects at excessive concentrations. Other metals as mercury (Hg),
lead (Pb) and cadmium (Cd) are toxic, even in trace amounts ([10]; [20]).

The levels of contamination by cadmium in fish became of wide interest because an important source for humans cadmium intake
is actually the fish consumption. Most of the cadmium content in fish or other seafood is highly absorbable and in humans cadmium
is particularly accumulated in kidney [20].

Lead is a non-essential metal and is a common contaminant throughout the world, detectable in practically all phases of the inert
environment and in all biological systems. Once absorbed, lead accumulates in high concentrations in bone, teeth, liver, lung,
kidney, brain, and spleen, and it can penetrate the blood—brain barrier and the placenta ([14]; [20]).

Zinc is an essential element for humans and animals and it is required for the optimum function of over 300 enzymes, including
those required for nucleic acid, protein, and membrane metabolism, as well as cell growth and division ([12]; [22]).

Copper is another essential trace element for all biological organisms, its essentiality arising from its incorporation into a large
number of proteins.

In the Upper, Middle and Lower Danube the heavy metal contamination in the water suspended matter, fine sediments and fish
was studied. A general increase in the lower section, which is reflected most clearly in cadmium and mercury (Hg) was reported
[25]. Using an evaluation scheme [25] “very heavy pollution” levels (lll-IV) and excessive pollution levels (IV) and higher
concentrations of Cd, Cr, Cu, Hg and Zn in the lower reaches of the LDR were found [26].
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In the Lower Danube concentrations of metals such as Cd and Pb are nearly two orders of magnitude higher compared to the
upstream Danube regions [19].

Our previous study [4], the first one conducted on sturgeons of the Lower Danube River, drew attention to the level of
bioaccumulation of heavy metals in tissues of migratory sturgeons in the Danube, a latent problem that might affect the future of
these species.

Aim of the current study was to assess the contamination level with heavy metals (Cd, Cu, Zn, Pb, Mn, Fe and Ni) of liver, muscle,
fat, gonads and skin of the migratory sturgeon species: Stellate sturgeon (Acipenser stellatus), Russian sturgeon (A.
gueldenstaedtii), and Beluga sturgeon (Huso huso) collected in October 2003 from legally captured specimens in the Black Sea
and in the Saint George Branch of the Danube River, in view of future re-opening of commercial fishing for sturgeons in the NW
Black Sea and the LDR.

MATERIALS AND METHODS

Determination of trace metals

The analytical procedure was described elsewhere [21], using VARIAN atomic absorption spectra photometer type Spectra A 100.

Sturgeon age

Age of sturgeons was determined on cross-sections in the pectoral bony fin rays, according to the methods described earlier [2].

Sturgeon tissue samples

Five types of tissues (liver, muscle, fat, gonads and skin) ranging between 10 — 30 gr, were collected in October 2003 by a
commercial fishing company from 21 adult specimens of migratory sturgeons: A. stellatus (10 specimens), A. gueldenstaedtii (2
specimens) and H. huso (9 specimens) (Table 1) legally captured within the Romanian CITES quota in October 2003 on Danube
River / Saint George Branch (RKm 10 and RKm 18) and in the Black Sea in Casla Vadanei - Perisor area by a sturgeon fishing
company [30]. Samples were kept at -20° C until used.

All samples were taken from specimens of adult sturgeons carrying a commercial tag, as specified in the data base of catches from
the Danube Delta Biosphere Reserve of year 2003 [30].

Tabel 1.
Species, gender and number of sturgeon specimens analysed in the current study
Species Gender Total
males | females

Beluga sturgeon (Huso huso) 2 7 9
Russian sturgeon (Acipenser gueldenstadtii) 0 2 2
Stellate sturgeon (Acipenser stellatus) 8 2 10
Total 10 11 21

Statistical analysis

The relationship between fish age, gender and each metal concentration in tissue was investigated by univariate and multivariate
regression analysis. Statistical analyses were performed using Statistica 7 software (StatSoft, Inc. 1984 - 2004). T-test for
independent samples was performed in MS Excel. P-values less than 0.05 were accepted as significant.

Regulations on contamination of foodstuffs

The mean concentrations of Cd and Pb in sturgeon samples were compared with the limits imposed by European Commission
Regulation (EC) No 1881/2006 of 19 December 2006, setting maximum levels for certain contaminants in foodstuffs and
Commission Regulation (EC) No 629/2008 of 2 July 2008 [29] amending Regulation (EC) No 1881/2006 [28].

The mean concentrations of Zn and Cu in sturgeon samples were compared with the acceptable limits proposed by the United
Kingdom’s Ministry of Agriculture, Fisheries and Food (according to Mashroofeh et al., 2012 [10]).

RESULTS

Level of heavy metals including Cd, Cu, Zn, Pb, Mn, Fe and Ni was determined in different tissues: liver, muscle, fat, gonads and
skin, collected from 21 specimens of migratory sturgeons species (10 beluga, 2 Russian and 9 stellate sturgeons). Mean values of
heavy metals concentrations (mg/kg wet weight) determined in samples of organs (liver, kidney, intestine, spleen, skin and muscle)
of Beluga (Huso huso), Russian sturgeon (Acipenser gueldenstadtii) and Stellate sturgeon (Acipenser stellatus) are shown in Fig. 1
-3.

Concentrations of examined heavy metals were varying from 0.002 mg/kg wet weight for Ni in muscle and fat of beluga sturgeon
(Fig. 1B) to 211.930 mg/kg wet weight for Fe in a liver sample of stellate sturgeon (Fig. 3A).
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Fig. 1A. Comparison of Cu, Zn and Fe
concentrations (mg/kg wet weight) in liver, skin,
muscle and fat samples of Beluga sturgeon (Huso
huso).

Note. Bars indicate the mean and standard deviation
(SD) respectively. # indicates exceeding concentration
limits.

Fig. 1B. Comparison of Cd, Pb and Ni
concentrations (mg/kg wet weight) in liver, skin,
muscle and fat samples of Beluga sturgeon (Huso
huso).

Note. Bars indicate the mean and standard deviation
(SD) respectively. # indicates exceeding concentration
limits.

Fig. 2A. Comparison of Cu, Zn, Fe and Mn
concentrations (mg/kg wet weight) in liver, skin,
muscle, gonads and fat samples of Russian
sturgeon (Acipenser gueldenstadtii).

Note. Bars indicate the mean and standard deviation
(SD) respectively. # indicates exceeding concentration
limits.

Fig. 2B. Comparison of Cd, Pb and Ni
concentrations (mg/kg wet weight) in liver, skin,
muscle, gonads and fat samples of Russian
sturgeon (Acipenser gueldenstadtii).

Note. Bars indicate the mean and standard deviation

(SD) respectively. # indicates exceeding concentration
limits.
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The estimated age of adult sturgeons was ranging between 17 and 24 years for beluga sturgeon, 18 years for Russian sturgeon
and 6 and 17 for stellate sturgeon.

There were significant positive correlations between the age of stellate sturgeon and levels of Cd, Pb, Zn in tissues, and in beluga
sturgeon between age and level of Cu, Zn, Cd, Pb, Mn and Ni in tissues. This phenomenon was obvious in increasing Cd level in
liver of stellate sturgeon with age, indicated by significant correlation (p < 0.01) (Fig. 4). No statistic analysis could be performed for
Russian sturgeon due to the low number of specimens (N=2). In all three sturgeon species males seem to accumulate higher
heavy metal levels in their tissues (p > 0.05).

Scatterplot (stellate liversta 180" 10
Age [rears]:Cd [mahg]: @ =04980; r=07733, p=00087; v=-03803 + 006537
Cd [magfg] = -0.2803+0.0687 =
o.rs
087
=
=
L=
E
-
0
0.2z
012
003
Age [Vears)

Fig. 4. Scatterplot of Cd levels in liver of Stellate sturgeons (Acipenser stellatus) (N=10) captured in year 2003 in Black Sea (Césla
Vadanei — Perisor) and Sfantu Gheorghe branch (output of Statistica 7.0 by StatSoft Inc.).
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High level of Zn (74.59 mg / Kg) from the liver of a 9 years old stellate sturgeon male (commercial tag 5807) captured at Rkm18 on
Sfantu Gheorghe branch of the Danube River, surpasses the admitted limits for human consumption.

Cadmium level was exceeding the permissible limits in liver of all three sturgeon species (Fig. 5A and 5B). The highest values
were determined in Russian sturgeon, 0.78 mg/kg wet weight, in 18 years old female (commercial tag 5987) captured in the Black
Sea, Ciotica area, as well as in two stellate sturgeons, 0.78 and respectively 0.67 mg/kg wet weight, in a 17 years old female
(commercial tag 5124) captured in the Black Sea, Southern Bay and a 9 years old male (commercial tag 5873) captured in Sahalin
area, Black Sea. In stellate sturgeon the mean Cd values exceeded the permissible limits of 0.05 mg/kg wet weight [29] in all
analysed organs. Consistent lower values of Cd concentration were determined in skin, muscle and fat of beluga sturgeon. These
values were ranging between 0.018 + 0.012 mg/kg wet weight in fat and 0.034 + 0.030 mg/kg wet weight in beluga sturgeon skin.

Lead level did not exceed the permissible limits of 0.3 mg/kg wet weight [29] in any of the organs of the analysed sturgeon species.
The highest value was determined in stellate sturgeon, 0.16 mg/kg wet weight, in an 8 years old male (commercial tag 5574)
captured in Sahalin area, the Black Sea.
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Fig. 5.A. Comparison of Cu, Zn, Mn and Fe concentrations (mg/kg wet weight) in liver of Beluga sturgeon (Huso huso), Russian

sturgeon (Acipenser gueldenstadtii) and Stellate sturgeon (Acipenser stellatus).
Note. Bars indicate the mean and standard deviation (SD) respectively. # indicates values exceeding concentration limits.
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Fig. 5.B. Comparison of Cd, Pb and Ni concentrations (mg/kg wet weight) in liver of Beluga sturgeon (Huso huso), Russian

sturgeon (Acipenser gueldenstadtii) and Stellate sturgeon (Acipenser stellatus).
Note. Bars indicate the mean and standard deviation (SD) respectively. # indicates values exceeding concentration limits.

In gonads Cd concentration was ranging between 0.040 and 0.090 mg/kg wet weight, the exceeding value being determined in
gonads of a stellate sturgeon 6 years old male (commercial tag 5885) captured in area Zatoane, the Black Sea (Table 2).

Table 2.
Concentration (mean * SD, mg/kg wet weight) of metals in gonad tissue samples of sturgeon from NW Black Sea and Danube River (N=4).
Species Gender Fe Zn Cu Mn Cd Ni Pb
Stellate sturgeon 3 males 47.766 +/- | 14.827 +/- 3.770 +/- 0.293 +/- | 0.083 +/- | 0.040 +/- | 0.034 +/-
(Acipenser stellatus) 40.456 16.175 3.510 0.146 0.006 0.052 0.048
Russian sturgeon | 1| female | 36.400 18.050 8.720 1.940 0.040 0.021 0.040
(Acipenser gueldenstaedlii)
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DISCUSSIONS

Our results indicate the liver of sturgeon specimens as the prone organ to bioaccumulation of heavy metals (Fig. 1-4). This is
consistent with previous observations of Wachs [26], showing that the highest concentrations of heavy metals vary in different
tissues of fishes, although tissues as kidney and spleen were not included in our study:

Zn: Kidney > Liver > Spleen > Muscle

Cu: Liver > Spleen > Kidney > Muscle

Cd: Kidney > Liver > Spleen > Muscle

In literature the levels of Zn in fish were reported to be very high, up to over 300 ug/g dry weight. The Pb and Cu maximum levels
are low and usually do not exceed 10 ug/g dry weights, while Cd and Hg are accumulating in fish organs in very low amounts,
below 1 pg/g dry weight. It was shown that metal accumulation in fish depends on pollution, and may differ for various fish species
despite of living in the same water body [8].

In live fish the metal levels are known to differ: Fe > Zn > Pb > Cu > Cd > Hg [8].

The level of heavy metals in beluga sturgeon liver in the current study was: Fe > Zn > Cu > Mn > Ni > Cd > Pb, in Russian
sturgeon: Fe > Cu > Zn > Mn > Cd > Ni > Pb and in stellate sturgeon Fe > Zn > Cu > Mn > Cd > Ni > Pb.

Unlike the stellate sturgeon from Southern Caspian Sea, where the mean concentration level of trace metals was: muscle tissue Pb
> Cd, liver Pb > Cd [6], in stellate sturgeon specimens captured in the NW Black Sea, the mean level of Pb was higher in liver than
in muscle, skin or gonads (Fig. 3) and these mean values were significantly lower (p < 0.05) than corresponding values of Cd for
the same organs.

In Persian sturgeon (Acipenser persicus) from the Caspian Sea the mean concentrations of the metals followed in the order of Zn >
Cu > Mn in both caviar and muscle [10], similar to our results.

A study focused on twenty trace elements accumulation in muscles of five sturgeon species (A. gueldenstaedtii, A. persicus, A.
nudiventris, A. stellatus and H. huso) from the southern part of the Caspian Sea reported amounts of toxic trace elements (Cd, Cu,
Pb and Zn) markedly below the international guidelines for human consumption for all cases [16].

Little is known regarding the heavy metal contamination of sturgeons in the Danube River. Jari¢ et al. [7] measured slightly
increased cadmium levels in the muscle of sterlet (Acipenser ruthenus) from Danube River in Serbia. Heavy metal analysis of
sterlet sampled along the Danube River, at three different sites isolated from each other by dams, in Hungary and Serbia, indicated
the liver as the main heavy metal storage tissue, while the muscles accumulate the lowest levels of heavy metals [15], in
accordance with results reported in the current study. Excepting partly for Cd, heavy metal concentrations in the sterlet muscle
were at acceptable levels for human consumption [15].

The heavy metals (Zn, Cu, Mn) detected in Persian sturgeon samples from the Caspian Sea indicated significantly higher
concentrations in caviar than muscle tissue [10]. Our findings revealed comparable levels of these elements in muscle and gonads
of analysed specimens. Moreover, comparing to data on Persian sturgeon muscle tissue, the mean concentrations [mg / kg wet
weight] of Zn, Cu, Mn (7.49 £ 3.07, 1.00 + 0.32 and respectively 0.34 + 0.24), were similar to the mean concentrations of those
metals in stellate sturgeon (11.24 + 3.68, 1.81 + 1.19 and 0.50 + 0.46) analyzed in the current study. In beluga sturgeon muscle
tissue Zn concentration was lower than in Persian sturgeon, whereas the determined values for Cu and Mn were comparable (Zn,
Cuand Mn -2.05+1.71,1.65 + 1.16 and 0.62 + 0.27). In Russian sturgeon muscle tissue, elevated values were determined for Cu
and Mn, comparing to Persian sturgeon (Zn, Cu and Mn - 6.23 £ 0.15, 2.33 + 2.77 and 0.93 + 1.03).

The concentration of Cd was varying among sturgeon species in muscle tissue samples. Therefore, the highest mean values were
determined in stellate sturgeon (0.08 + 0.05 mg/kg wet weight) and the lowest values in beluga sturgeon (0.03 + 0.02 mg/kg wet
weight). These data indicate exceeding of limits permissible for human consumption in stellate sturgeon meat. Nevertheless, the
stellate sturgeon meat was delivered to the market in year 2003.

The age of adult sturgeons was estimated by cross-sections in the pectoral bony fin rays as ranging between 17 and 24 years for
beluga sturgeon, 18 years for Russian sturgeon and 6 and 17 for stellate sturgeon. Significant positive correlations were observed
between the age of stellate sturgeon and levels of Cd, Pb, Zn in tissues, and in beluga sturgeon between age and levels of Cu, Zn,
Cd, Pb, Mn and Ni in tissues.

Similarly to year 1996, as previously reported [4], our data indicate an increase of bio-accumulation of Cd in sturgeon organs,
especially in liver, with age. This phenomenon is obvious in stellate sturgeon where the mean Cd values exceeded the permissible
limits of 0.05 mg/kg wet weight [29] in all analysed organs even more than 10 times fold, with a maximum value of 0.78 in liver of a
17 years female (commercial tag 5124), captured in the Black Sea, Southern Bay.

Due to the species ecology, stellate sturgeon and Russian sturgeon prefer marine habitats located close to the Danube River
mouths, feeding mainly on bottom fauna. After the downstream migration to the sea during the first year of their life, beluga
sturgeons feed mainly on pelagic fish, such as anchovy, horse mackerel, pontic shad and sprat shoals, which feed on other pelagic
organisms as well. As a consequence beluga sturgeons show less heavy metal bio-accumulation of tissues.

On the other hand, males seem to accumulate more heavy metals in their tissues than females in the three anadromous sturgeon
species. This might be the effect of more frequent spawning migration of males in the LDR, the major contamination source.
However confirmation of this hypothesis needs further investigations.
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Moreover, it is expected that the autumn migrants, entering the river in late October — November and spend the winter in the
wintering holes, to continue their migration to the spawning sites in the following spring, accumulate higher levels of heavy metals
than the spring migrants. This hypothesis is supported by findings of Wachs ([24]; [26]) which indicate that heavy metal
contamination in fish is facilitated by their contact with water suspended matter and fine sediments containing heavy metal ions.

According to the mean values of heavy metals in sturgeon muscle, the river or marine habitats were ecologically classified [25]
(Table 3). Therefore, according to the mean values of Pb determined in the current study, habitats of migratory sturgeons in LDR
are classified in the Il category, while according to mean values of Cd, Zn and Cu they vary from the Il category to IlI-IV.

Tabel 3.
Ecological classification of habitats of sturgeons in the LDR and the Black Sea according to Wachs [25] based on heavy metal content of
muscle tissue (mean values in [mg / kg wet weight])

Species N Cd Categ. Zn Categ. Cu Categ. Pb Categ.
Beluga sturgeon (Huso huso) 9 0.034 Il 2.045 Il 1.650 | 1I-1V | 0.031 Il
Russian sturgeon (Acipenser gueldenstaedtii) | 2 0.050 -1V | 6.225 Il 0.050 Il 0.030 Il
Stellate sturgeon (Acipenser stellatus) 10 | 0.084 | -1V | 11.240 | Il-1V | 1.810 | -1V | 0.034 Il

The high content of lipids in sturgeon body makes them prone to bio-accumulation of heavy metals in their organs, including the
gonads. Although not exceeding the maximum permissible limits for human consumption, heavy metals were detected in caviar
samples collected from Persian sturgeon [10], as well as in gonad tissue analysed in this study, except the gonad of a 6 years old
stellate sturgeon male (commercial tag 5885) captured in Zatoane area (in the Black Sea).

Besides the fact that accumulation of heavy metal in sturgeon tissues is known to induce irregularities in physiological processes in
fish ([11]; [27]; [20]), it affects the number and quality of the larvae, causing high frequency of malformations and reduced viability.
The egg shell cannot fully protect the embryo against metal penetration that occurs particularly during the swelling phase and
therefore, metals may accumulate in the egg [9].

Early life stages of fish are sensitive to water pollution and depending on level / type of metal contamination, it could lead from
developmental disturbances to death of the embryo. Early stages post-fertilization were reported to be particularly sensitive to metal
intoxication, when most disturbances and the highest embryonic mortality occur. Delay in the hatching process, premature
hatching, deformations and death of newly hatched larvae induced by heavy metals were described in fish [9]. For instance, a
recent study reported that white sturgeon (Acipenser transmontanus) early life stages are sensitive to aqueous copper exposure
under laboratory conditions. The greatest Cu sensitivity of white sturgeon early life stage, comparing to other fish species, coincides
with the beginning of active feeding and close association with sediment [23]. According to our data, the ecological classification of
sturgeon habitats in LDR based on Cu mean value is ranging from Il to IV (Table 3). Thus, the natural spawning success and
annual recruitment of the young-of-the-year (YOY) of sturgeon species spawning in the LDR could be affected by the aqueous Cu
level in the spawning site. Further studies aiming to determine the level of contaminants and their dynamics during the spawning
period and early developmental phase of YOY needs to be carried out.

Therefore, sitespecific water quality guidelines and criteria should be evaluated closely to ensure adequate protection [23].
Comparative analysis for the two periods, previous data on sturgeon captured in 1996 [4] and current data on those captured in
2003 show an evident reduction of heavy metal contamination of sturgeons, mostly in case of Cu and Zn, and less in Cd.

CONCLUSION

Current study indicates exceeding limits permissible for human consumption in stellate sturgeon meat, which was delivered to the
market in year 2003. In view of a future re-opening of the commercial fishing of sturgeons that is currently banned for a 10 years
period (2006 — 2015) in Romania and until 2015 in Bulgaria, it is strongly recommended certifying of the heavy metal levels prior
delivering sturgeon products on market and avoiding human consumption of liver of sturgeons captured in the LDR.
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