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The purpose. To increase selfdescriptiveness of the method of biotesting waters of surface sources of
water service and drinking water due to use of fishes Danio rerio (Brachydanio). Methods. Biotesting with
use of the test-reaction of fixation of fishes Poeciliia reticulata Peters and Danio rerio Hamilton-Buchanan
with 8-diurnal exposure of individuals. Results. During biotesting at absence of fixation of fishes Poeciliia
reticulata Peters toxicity of examined waters is not determined, and on the basis of a fixation of fishes Danio
rerio Hamilton-Buchanan the low level of toxicity of waters in the range of 25 — 50% is fixed. Conclusions. It
is expedient to make assessment of chronic toxicity of waters of surface sources of water service and
drinking water by method of biotesting on fishes Danio rerio Hamilton-Buchanan, which have appeared more
sensitive to low levels of pollutions (on the average on 26,3% in acute 4-days experience, and on 36,6% in
chronic 8-days experience), than traditional test-object of fish Poeciliia reticulata Peters.
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The assessment of water quality in surface water sources and drinking water using physical and chemical
analysis does not provide complete information on the complex impact of pollutants on aquatic ecosystems.
Therefore, the use of biological methods to determine the toxicity of these waters is particularly relevant [1,
2]. Moreover, the toxicity of drinking water surface waters should be evaluated not only for humans, but also
for fish populations and other aquatic organisms [3-8], especially for those who are actively involved in the
processes of water quality formation.

Due to the urgent need for monitoring the state of the water from existing methods of biomonitoring, it is
expedient to use the biological testing as the obligatory method, which allows, due to high sensitivity, to
quickly detect the effects of pollution of surface water sources and drinking water, and at the same time it is
much simpler and cheaper in execution, has a time constraint even when determining the chronic toxicity of
water and does not require highly qualified labor as physical and chemical methods of research [9-11].

In literary sources during the last decade much attention has been paid to the feasibility of using sets of
several highly sensitive organisms related to different levels of biological organization, through which it is
possible to assess the state of the aquatic environment [9-13]. Obligatory representatives of such test kits
should be vertebrate animals [10, 11], including fish. However, not all species of fish behave equally in the
same type of water pollution. In addition, some species are able to react more actively to organic
compounds, others - on heavy metals, synthetic surfactants or nanomaterials, etc. [2, 12, 13]. To identify the
creatures that can provide more accurate information on the level of total water toxicity, a prerequisite is to
conduct a comparative analysis of two or more species of fish, the most sensitive of which are the prospect
of being used in biotesting of low contaminated waters.

Taking into account the above mentioned features and the existing literature data on the significant
increase in the effectiveness of bioassay for the use of highly sensitive organisms [10, 11], we consider it
necessary to compare two types of unified fish of guppy reticulate (Poecilia reticulata Peters) and danio rerio
(Danio rerio Hamilton-Buchanan), which are used in international and national standards for determining the
toxicity of water [10-13]. For the first time, for assessing the toxic effects of water using fish, the proposed



scale of toxicity levels tested on daphnia [4], which is fully consistent with SSanRN (State sanitary rules and
norms) 2.2.4-171-10, has been applied.

The goal of the research is to increase the informative value of the method of biotesting water from the
surface sources of water supply and drinking water at the expense of the use of danio (Brachydanio) rerio
fish.

Materials and methods of research. In order to realize the research objective, a comparative analysis of
the biotesting of water toxicity was carried out, a sample of which was selected in prepared dishes from the
Denyshivske reservoir and Vidsichne water intake of Teteriv river and from the clean water reservoirs (CWR)
of ME "ZhytomyrVodokanal" in April 2016 [4]. After sampling the water was poured into aquariums (10 dm?)
and formed control and test groups according to the following scheme:

* Control group - a test of a settled (24 hours) tap water;

* Test group D-1: water samples - from Denyshivske reservoir;

* Test group D-2: water samples - from Vidsichne water intake;

* Test group D-3: water samples - with CWR 5000 m?;

» Test group D-4: water samples - with CWR 20 000 m®,

Test-objects: female fish of guppy reticulate (P. reticulata) and danio (Brachydanio) rerio (D. rerio) are
analogues by age (3 weeks) and size (4,5 £ 0,5 cm).

Retention: in aquariums, 10 dm® of water, the concentration of oxygen in which is not less than 4 mg/dm?®,
the temperature + 20°C + 2,5°C, and the density of planting — individual/dm?;. in conditions of natural light
and replacement of water of appropriate quality every 2 days.

Feeding: from the 5th to the 8th day, dry animal feed (daphnia, ceriodaphnia) twice a day and live plant
food (algae, leaves of aquatic plants) constantly.

Test Reaction: Immobilization (1), including mortality of individuals.

Exposure: Acute lethal toxicity — for 4 days and short-term chronic toxicity (short-term chronic toxicity) —
within 8 days.

Biotesting: daily calculation of active and immobilized (including dead) individuals from the 1st to the 8th
day.

Experiments were carried out in 3-time repeat, using standard techniques and own developments [4, 5,
10, 12, 13]. The obtained data were compared with the control. For each experimental water sample, the
toxicity index (%) for the SSanRN 2.2.4-171-10 [5] was calculated using the following formula:

[k_IO

T= 100 ,

k

where: T — index of toxicity,%;
I, — the value of the test-reaction of individuals in the control;
I, — the value of the test-reaction of individuals in the experiment.
The water toxicity index should not exceed 50% regardless of the test objects used in the studies.
Research results. One of the most important issues in the context of biotesting of water toxicity is the
choice of test objects that must be standardized organisms, with which standard experiments have been
developed, and which should be adequately responsive to certain levels of pollution of the tested medium.
Among the organisms that test biotesting of the aqueous medium is the most commonly used infusoria,
daphnia, ceriodaphnia, guppies, common onions, salad dressings, etc. [5-8]. For a long time, these test
objects were used to determine the toxicity of natural and sewage, and the development of SSanRN 2.2.4-
171-10 contributed to their use in water testing of surface water sources and drinking water [5]. However, for
biotesting the quality of these waters, which are much cleaner than other species, traditional organisms were
not sufficiently informative. In this regard, the search for unified organisms, by means of which higher
efficiency compared with generally accepted test objects, can be found low levels of water pollution.
As test organisms, they tested for sensitivity to toxic components of water 2 species of guppy reticulate
and danio rerio aquarium fish for the test-reaction of immobilization of individuals, the advantage of which, in



comparison with many other fish reactions, is the simplicity of its determination for the calculation of the
number of active and immobilized individuals. It is known that guppies are the most popular in biotesting as
unified vertebrate animal forms. In nature, they are found in tropical waters, which play a large ecological
role, removing larvae from mosquitoes and mosquitoes. These are small fish with pronounced sexual
dimorphism. The males reach a length of 3-4 cm and are painted in bright colors (grayish-brown with bright
red, blue, green, and black inlays). Females are larger than males — 5-6 cm in length, with a yellow-green
color. Danio is not so often used in biotesting waters as guppy, although it has much better prospects. Under
natural conditions, it lives in tropical waters with a slow current of water. The length of the body of adult fish
is about 4.5 cm. The body is cylindrical with 7-9 dark blue horizontal stripes.

Comparative analysis of biotesting with guppy and danio fish of waters from the reservoirs of the
Teteriv river and the CWR of Municipal Enterprise "ZhytomyrVodokanal” (n = 30)

Toxicity after immobilization of test-objects (T, %):

Test groups and figures guppy reticulate | toxicity level danio toxicity level
rerio

Acute toxicity

D-1 (Denyshivske Reservoir)

absent ATL 31,5 LTL
D-2 (Vidsichne water intake)

absent ATL 25,8 ATL
D-3 absent
(CWR 5 000) ATL 241 ATL
D-4 absent
(CWR 20 000) ATL 23,9 LTL
Exposure Duration,
days 4 4
Chronic toxicity
D-1 (Denyshivske Reservoir)

absent ATL 42,8 LTL
D-2 (Vidsichne water intake)

absent ATL 38,0 LTL
D-3 absent
(CWR 5 000) ATL 32,5 LTL
D-4 absent
(CWR 20 000) ATL 33,3 LTL
Exposure Duration,
days 8 8

Note: I, — immobilization of fish;
T — index of water toxicity (in relation to control);
levels of toxicity of water: ATL — admissible, LTL — low.

A comparative analysis of the environmental effectiveness of biotesting on guppies and danio of water
samples taken in the reservoirs of the Teteriv river and the clean water reservoirs (CWR) at the Municipal

Enterprise "ZhytomyrVodokanal" is presented in the table.

The obtained data indicate that the test organism proposed for conducting the assessment of the water is
danio rerio by the reaction of immobilization of individuals more sensitive to the determination of water
toxicity than guppy reticulate. According to the biotesting data, the scale of the water toxicity levels proposed
by us is used, which can be used both for the determination of its acute and chronic toxic effects [4]: 1-25% -
acceptable level of toxicity; 26-50% - low toxicity; 51-75% - average toxicity; 76-100% - high toxicity.



In the 90 years of the last century, a standard method for determining the acute lethal toxicity of
substances and natural waters was developed on danio rerio [13]. This species of fish should be sensitive
enough to the chronic toxic effects of water components of surface water sources and drinking water.
Therefore, it is important to compare the sensitivity to the chronic toxicity of water given by danio rerio with
such a widespread aquatic toxicology as a species of fish like guppy reticulate.

In the experiment, in the test-reaction of immobilization of guppies, only the permissible level of toxicity
was detected in all investigated water species. However, it is obvious that water from surface water sources
and drinking water can not have the same toxicity. This fact has been proved by us for the use of a more
sensitive species of fish — danio rerio. Thus, for the determination of acute and chronic effects of water, not
only the permissible levels of their toxicity (ATL) were revealed, which in fact indicate a lack of harmful
effects on organisms, but also low levels (LTL) within the toxicity index of 25-50%. The highest value of the
toxicity index was detected in determining the chronic effect of water in the Denyshivske reservoir district of
Teteriv, somewhat lower — in the Vidsichne water intake. The determination of the acute effects of water in
these groups also revealed higher levels of toxicity compared with the levels of toxicity of drinking water.
Although the 50% limit on water hazard was not exceeded, biotesting with danio rerio was on 26,3% average
(in the acute study) and 36.6% (in the chronic study) more effective than testing on guppy reticulate.

Consequently, under the same conditions of biotesting with guppy and danio, the latter showed a
significantly higher sensitivity to the toxic components of water sources of water supply and drinking water in
the conditions of the Municipal Enterprise "ZhytomyrVodokanal".

Conclusions

The assessment of chronic toxicity of water from surface sources of water supply and drinking water is
proposed to be carried out by the method of biotesting with danio rerio fish, which turned out to be more
sensitive to low levels of contamination (on average 26,3% in an acute study of duration 4 days and 36,6% in
the short-term chronic study duration of 8 days) than the traditional test-object of guppy fish.

Bibliography

1. River watch. Manual for public environmental monitoring. — SPb.: Friends of the Baltics / Coalition
Clean Baltics, 2015. — 32 p.

2. Nanostructured zinc oxide-cotton fibers: synthesis, characterization and applications / |.M. EI-Nahhal,
S. M. Zourab, F. S. Kodeh et al. // Jornal of Materials Science: Materials in Electronics. — 2013. — P. 3970-
3975.

3. Malik A. Environmental Deterioration and Human Health: Natural and anthropogenic determinants / A.
Malik, E. Grohmann, R. Akhtar. — Dordrecht Heidelberg, London, New York: Springer, 2014. — P. 8-23.

4. ApuctapxoBa E.O. Ekcnipec-oujiHka noTeHUinHoi Hebe3nekn Boan metogom GiotecTyBaHHsi Ha Daphnia
magna S. // BicHuk arpapHoi Haykun. — 2017. — Ne 2. — C. 50-54.

5. OCanliH 2.2.4-171-10 «[irieHi4Hi BUMOrK 4O BOAW MUTHOI, NPU3HAYEHOI AMS CNOXMUBAHHSA MOANHOWY /
Ne 452 / 17747. — MOS Ykpainn. [lepxaBHi ctaHgapTHi Hopmu Ta npasuna / [YuHHuiA Big 1.07.2010 p.]. — 50
C.

6. Zooplankton (Cladocera) species turnover and long-term decline of Daphnia in two high mountain
lakes in the Austrian Alps / L. Nevalainen, M. Ketola, J.B. Korosi et al. // Hydrobiologia. — 2014. — Vol. 722
(1). = P. 75-91.

7. 1SO 10706: 2000 Water quality. Determination of long term toxicity of substances to Daphnia magna
Straus (Cladocera, Crustacea). — 26 p.

8. Jakob U. Oxidative Stress and Redox Regulation / U. Jakob, D. Reichmann. — Dordrecht, Heidelberg,
London, New York: Springer, 2013. — P. 59-126.

9. Ckok C.B. OuiHoBaHHS siIKOCTi MMTHOI BoaM M. XepcoHa meTogom OiotectyBaHHs /| C.B. Ckok //
ArpoekornoriyHuin xypHan. — 2015. — Ne 2. — C.26-30.



10. OcmaneHuii M.C. KomnnekcHa oOLjiHKa TOKCUYHOCTI BOAHWX 3paskiB 3a [AOMOMOroK POCAWHHUX i
TBapuHHNX TecT-opraHiamis / M.C. Ocmanenuin, A.M. onoskos, A.B. Haniesa, M.P. Bepronsac // ®aktopu
eKcnepumeHTanbHoi eBontouii opraHiamie. — 2015, — 1.16. — C. 74-77.

11. Mar. 10804 A YkpaiHa, MIMK G 01 N 33/18; G 01 N 21/76. Cnoci® KOMMNMEKCHOro BM3HAYEHHS
reHeTn4yHoi 6e3neyHocTi NuTHOI Boawn / B.B. NoHYapyk; 3asBHMK Ta naTteHToBnacHuk B.B. MoH4apyk; 3asen.
5.11.2015, ony6n. 11.04.2016, Bron. Ne 7.

12. KHO 211.1.4.057-97. MeToanka BU3HAYEHHS rOCTPOI neTanbHOI TOKCUYHOCTI BOAM Ha pubax Poecillia
reticulata Peters.

13. I1ISO 7346-1:1996 Water quality. Determination of the acute lethal toxicity of substances to a
freshwater fish [Brachydanio rerio Hamilton-Buchanan (Teleostei, Cyprinidae)]. — Part 1: Static method.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


