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Abstract. Road salts negatively affect environment ecosyst&uadium chloride (NaCl) from runoff is responsible
for the increased salinity of soil surface and giwaters. The aim of the study was to assessffie®of salinity
on earthwormEisenia fetidagrowth, reproduction and survival. To achieve tlEgperiment was conducted using
OECD artificial soil spiked with NaCl (0, 1000, 206800, 600and 8000 mg NacCl kb. Growth was assessed at
day 7, 14, 28, mortality and cocoon productiondat 56. Total mortality of worms was found in 6a8g NaCl kg*
and 8000 mg NaCl kfjtests. The calculated lgfor mortality after 28 days was 5623 mg NaCl*kgVeight of
worms was significantly affected by NaCl. Dispersamalysis showed that NaCl concentration had statibt sig-
nificant influence on weight of worm® (< 0.05). The calculated Eg(effect concentration at which a 50 % reduc-
tion in a measured parameter) for growth was 25§2NaCl kg'. Cocoon production was significantly affected by
increased NaCl substance. There was no cocoon pimdlc soil with 4000 mg NaCl kg and higher concentra-
tions. It is concluded that sodium chloride negatieffects lifecycle of earthworms. It is essentiafind less toxic
de-icers on purpose to ensure transport safety.

Keywords: sodium chloride, salinity, earthworfisenia fetidamortality, reproduction, growth.

1. Introduction mise soil structure and increase soil erosion, cedkoil
fertility, to have an effect on soil chemistry. Rlosalts
Salinisation is among the major degradation procnegatively affect environmental ecosystems — criefdy
esses endangering the potential use of Europeds soi(Grewal 2010; Liet al 2010; Zhanget al 2010), soil
Despite of naturally occurring salinisation, degcdor  microorganisms (Yuaet al 2007; Ibekweet al 2010),
removal of ice from roads are essential to wintegtroad plants (Gadallah and Ramadaf97; Jouttiet al 2003;
maintenance in many countries. Ruhland and Krna 2010) and soil organisms (Owagbri
Deicing chemicals are widely used to clear the paveal. 2008). There has been a growing concern of the en
ment snow Lithuania and many other countries, b&eau ronmental effects resulting from de-icing.
of their simple operation, low price, and excellenbw- The environmental hazard of chemicals is evaluated
melting effect. The use of chemical deicers sucls@as primarily by chemical analyses. However, chemicatad
dium chloride (NaCl) has increased significantlyidg alone are insufficient to assess the potential renvi
the past three decades. In USA 15 million tons sind mental hazards of chemicals.
Canada 5 million tons of road salts are appliedotds Bioassays can help define the ecotoxicological ef-
every year (Mayeret al 1999; Robidoux and Delisle fects of environmental contaminants. The bioassay a
2001). In Finland 100 000 tons of salt mainly adism  proach integrates the biological effects and factarch
chloride is used annually (Joudti al 2003). as pH, bioavailability and interactions between eom
In Lithuania, on purpose to ensure transport safetpounds. In this respect bioassays representingrdiit
about 140 000 tons of sodium chloride is used durintrophic levels such as plant, microbiological amtye
winter time, and about 10-680 g salt is applied.taf  matic tests could be used.
road (Kadinas and Arustien2010). The aim of this paper was to assess NaCl salt-toxic
With the increasing application of deicing chemi-ity to the earthwornEisenia fetidaand to lifecycle pa-
cals, their negative effects on ecosystem and emwient rameters. This species was chosen because it dsnrec
have appeared increasingly. Sodium chloride (N&GfHh  mended to used as soil invertebrate species irtitgxi
road runoff is responsible for the increased sgliof soil  testing. NaCl salt was chosen because it is prausmtly
surface and ground waters still several monthg difte  used as deicers for ice removal from road.
last road treatment. Chloride accumulation can ¢omp
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2. Resear ch methods 2.4. Statistical analyses
2.1. Earthworm characteristics
Calculations were performed using the statistical

Eisenia fetidaspecimens used for this study weresoftware package Statistica 7.0. Growth data pet-sa
age-synchronized from a culture kept in the lalmygabf  pling time, cocoon number, and mortality data wemne-
Vytautas Magnus University, Lithuania. Adult worms lyzed using the Mann-Whitney U test. The s @alues of
(18-20 weeks old) of between 250 and 500 mg weighilaCl for growth and cocoon production were cal@adat
were used in the experiments, using 10 earthworms iby using the linear interpolation method. Thes} Galue
each sample. Each sample had 2 replicates. The svorrfor NaCl was calculated by using the Probit Anaysi
were acclimatized for 24 h in OECD (Organisation fo
Economic Co-operation and Developmesail and were 3. Resultsand discussion
fed during this period with the same type of foodbe

used during the experiment consisting of oats. Data on the mortality of earthworm exposed to dif-
ferent concentrations of NaCl in soil are preseiirteig.
2.2. Soil characteristics 1. There was no mortality in control soil (0 mg N&g

Y. Total mortality of worms occurred in treatmemets-

A bulk sample of OECD test soils was prepared byosed to 6000 and 8000 mg NaCl*kat day 7 (Fig. 1).
mixing 10 % of finely ground sphagnum peat, 20 %likes  Significant higher mortality of worms was recorded
clay and 70 % quartz sand, adjusted with Ca@®H 6.0  soil containing 4000 mg NaCl Kgin comparison with
+ 0.5 according to OECD guidelines (OECD, 2004)e Th 1000 and 2000 mg NaCl Rg The calculated Lg for
maximum water holding capacity (WHC) of soil was de mortality after 28 days was 5623 (confidence iraésy
termined by using the procedure described by ISSID(I ClI, 5438 - 5854) mg NaCl kg
1996). The maximum WHC was adjusted to 60 %.
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2.3. Experiment o i
01000 mgékg MaCl
. . . . 8 @ 2000 gy Macl
Technical grade sodium chloride (NaCl, purity, 99.9 5 0 4000 gy NaCl
%) was added in solution form to 500 g of soil sEnipthe g 1 5000 mg/kg NaCl
following concentrations: 0, 1000, 2000, 4000, 6@0@l g 27 | w8000 rgikg NaCl]
8000 mg NaCl kg by dry weight soil. The concentrations #
were chosen in this way to include nominal conediotns 5.
of NaCl found in roadside soils in Lithuania ansegthere. 104 l‘h H‘H‘m
The spiked soils were placed in rectangular plasti o ‘ - .
vessels of 2 | allowed to equilibrate for 2 daygobe 7 1 28
earthworms were introduced. Ten worms per contandr hag
three per treatment were used. The worms weredinted Fig 1. Mean (+ SE) percentage mortality of three grodfio
into each container by placing them on the surface worms Eisenia fetideach exposed to NaCl for 28 days
allowing them to burrow in. The test containers aveov-
ered with perforated lids to limit water loss daesvapora- Our results is in agreement with results obserwed b

tion and kept in 16 h light, 8 h dark at 20 + 1ifCa cli-  Bright and Addison (2002). In 1000 and 2000 mg NaCl
mate chamber for 28 days. Worms were fed weeklft witkg™ soil substrate there were no statistically sigaifit
ground, sieved and dried oats (0.5 g per worm). differences in mortality while the 4000 mg NaCl kg
Sampling was done at day 7, 14 and 28 after wormgoncentration had a significant higher effect orrtaliy.
were introduced to the substrates. Mortality amhgn were  High mortality resulting from increased NaCl hasibe
monitored on each sampling day while cocoon praoluct reported by Owojoriet al (2008) where total mortality
was assessed at day 5654 (ethal concentration at which a was found in 8000 mg NaCl Kgsoil substrate. High sa-
50 % reduction in a measured parameter) ang @8ect  Jinity has caused acute toxicity and worms not istrv
concentration at which a 50 % reduction in a measpa- Generally, there was a decrease in weight of worms
rameter) were calculated. Growth was determineéhdly  in all treatments except 0 mg NaClkgt day 7 (Fig. 2).
vidually weighing all surviving worms from each ¢ainer  The mean weight in 0 mg NaCl kgvas significantly
and comparing the mean weight with initial valldsrtal-  higher in comparison with all exposure groups<(0.05).
ity was assessed by stimulating the worm with wocstiEk The mean weight of worms exposed to 1000 and
and an earthworm was confirmed as dead if no regpon2000 mg NaCl kg changed slightly at day 14 and after
could be observed. Worms not found during samptingst 28 days only 18 and 19 % increase in the weigBpae-
soil was assessed as dead. The number of cocosndewa tively, was found.
termined at the end of the exposure by wet sietlingsub- The mean weight of worms exposed to 4000 mg/kg
strates (through 1.0 mm sieve). NaCl and higher concentrations was considerable and
Soil moisture content and pkb were monitored on  significantly lower in comparison with the contr(d
each sampling day. Moisture loss was replenished bng/kg NaCl) soil P < 0.05). At day 7 the mean weight
adding equivalent amount of deionised water. decreased 53 % in 4000 mg NaCl'kg\fter 14 and 28
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days the mean weight decreased 72 % and 74 % crespserved value was also lower than 3586 mg NaClfagnd
tively (Fig 2). In the exposure treatments defiegldpta- by Owojori et al (2009). The reason could be that under
tion to NaCl concentrations because weight chanige w such low concentrations (1000-2000 mg NaChkat the
time decreased and remained fairly steady. beginning of exposure (at day 14) worms contendigd w
stressor and adapted to low toxicity and as a cpesee

earthworm weight increased (at day 28).
80% - Under the influence of 2000-4000 mg NaCIlkg)n-
0% centrations the mean weight of worms was statlftica
2 ool ma NaGIlKa lower after 28 days than in the contrél € 0.05). The
% 0% | mean weight of worms was more significantly (weiglats
£ ool x li//i [0 lower 74 % after 28 exposure days) affected in soil-
g —=— 1000 taining 4000 mg NaCl kY The EG, of 2512 mg NaCl kg
B 20%] \ T ! for growth observed here was lower than 4681 @854
5 0% z == mg NaCl kg' found by Bright and Addison (2002) and
g “60%7 *\>T< I Owojori et al (2008) respectively. In the experiment ob-
-80% 1 L L served value was also lower than 3586 mg NaClfagnd
+1009% - by Owojori et al (2009). The reason could be that under
° 7Time da :‘ % such low concentrations (1000-2000 mg NaCkat the
g beginning of exposure (at day 14) worms contendigad w

Fig 2. Mean (+ SE) weight change (% of initial weight) of stressor and adapted to low toxicity and as a cprsee

worms Eisenia fetidd exposed to sodium chioride in €&rthworm weight increased (at day 28).
OECD substrates during 28 day period The mean cocoon number produced over exposure

period at different NaCl concentrations is showirig 4.
The highest negative effect on weight was found aktinear regression between weight of worm and Na©kc
6000 and 8000 mg/kg NaCl actually at the exposagink  centration showed that the NaCl toxicity had sigaifitly
ning. These concentrations caused acute toxicity amegative influence on reproduction (Fig. 4). Wores
worms not survive. Dispersion analysis showed N&El  posed to 4000, 6000 and 8000 mg NaCt kig not pro-
concentration had statistically significant infleenon duce any cocoond(< 0.05). The calculated Egfor re-
weight of worms P < 0.05). Correlation between the meanproduction was 1288 (Cl, 949-1688) mg NaClkg
weight of worms and NaCl concentrations showed dhat The effect of NaCl on cocoon production was sintiar
all treatment days the mean weight decreased métleas- those presented in the literature. Cocoon produatias af-
ing NaCl concentrationP(< 0.05) (Fig. 3). The calculated fected at concentrations far lower than those tffpgrowth
ECs, for growth was 2512 (Cl, 1798-3232) mg NaCfkg ~ and mortality. This is in accordance with the rssaf other
study (Owojoriet al 2008) which showed that cocoon pro-
7 day = 0,7652-0,0001%%; r = -0,9; p = 0,00 duction was more sensitive parameter than mortalitgl
26 day = 0,5696.0.,0007, 1 = 051 p = 0,001 growth in assessing the toxic salinity effedEttetida
Twenty eight-day E€ for cocoon production of
1288 mg NacCl kg was observed in our study. This value
is comparable with those available in the literat@wo-
jori et al (2008) found 28-day Eg for cocoon produc-
tion of 2020 (CI, 1467-2636) mg NaCl kgwhile Bright
and Addison (2002) found Egof 1884 mg NaCl kg
soil substrate. No successful reproduction occuired
replicates with a NaCl concentration above 3000 mg
NaCl kg* (Kerr and Stewart 2004).

Mean weight (g)

o 1000 2000 4000 1
NaCl (mg kg %) dry wt soil =

Fig 3. Correlation between the mean weight of worms (g) . 08

and sodium chloride concentrations % 0.6 1

Under the influence of 2000-4000 mg NaCl'kapn- % 0.4
centrations the mean weight of worms was statlgtica © *
lower after 28 days than in the contrél € 0.05). The 02 ’_‘_‘
mean weight of worms was more significantly (weiglais 0 : : :
lower 74 % after 28 exposure days) affected in coil- 0 1000 2000 4000
taining 4000 mg NaCl kfj The EG, of 2512 mg NaCl kg mg NaCl kg’

1
for growth observed here was lower than 4681 &854 Fig 4. Mean (+ SE) number of coccons per worm pro-

mg NaCl kg' found by Bright and Addison (2002) and duced after exposure of wornBigenia fetidy to sodium
Owojori et al (2008) respectively. In the experiment ob- chloride
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Although the presented data can be considered as a tida). Part 2: Determination of effeat reproduction, No.

step forward in the assessment of the potentiéik resf 11268-2. ISO, Geneve.

salinity in terrestrial environments, further resdais  Yuan, B,; Li, Z,; Liu, H.; Gao, M.; Zhang, Y. 200Rlicrobial
needed to evaluate the influence of soil parameterthe biomass and activity in salt affected soils undét eondi-
toxicity of salinity and to quantify the effect ageing on tions. Applied Soil Ecology35: 319-332.
bioavailability. Joutti, A.; Schultz, E.; Pessala, P.; Nystén, Elisten, P. 2003.

Ecotoxicity of alternative de-icerdournal of Soils and
Sediments3(4): 269-272.
Kadunas, K.; Arusties, J. 2010Keliy barstymo druskos povei-
kio poZeminiam vandeniui apzval§Review on deicing
salts effect on underground water]. Vilnius: Lithisn
Geological Survey. 15.

4, Conclusions

Our results showed that increased salinity had harm
ful effects on growth, mortality and reproductiohtbe
earthworms. Of these parameters, cocoon produtn Kerr, M.; Stewart, A. J. 2004. Tolerance Test Eorfetidawith

the most gensitive parameter. We determined 28 Gay Sodium Chloride.Journal of Undergraduate Research
for mortality and growth of 5623 and 2512 mg Nagf'k 21-26.

respectively. Weight of worms was significantlyeaffed | | 7. zhou D. M.- Peijnenburg, W. J. G. M.;aNg, P.; van
by NaCl and dispersion analysis showed that Na@} co Gestel, C. A. M.; Jin, S. Y.; Wang, Q. Y. 2010. Uta

centration had statistically significant influenme weight pathways and toxicity of Cd and Zn in the earthwdgim
of worms P < 0.05). Cocoon production was signifi- senia fetida Soil Biology andBiochemistry 42(7): 1045—
cantly affected by increased NaCl substance. Tha® 1050.

no cocoon production in soil with 4000 mg NaCl'kand ~ Mayer, T.; Snodgrass, W. J.; Motin, D. 1999. Spatwracteri-
higher concentrations. It is concluded that sodifito- zation of the occurrence of road salts and theiiren-
ride negatively effects life cycle of earthwormsel& mental concentrations as chlorides in Canadian sirfa

studies are needed to confirm the observed bicabgic ~ Waters and benthic sediment#/ater Quality Research

effects under natural conditions. Journal of Canada34: 545-574. ,
OECD (Organisation for Economic Co-operation and Dpre

ment), 2004 Eathworm Reproduction Tests (Eisenia feti-
da/Eisenia andrei)Guideline for the Testing of Chemicals
222. Paris: France.

Owojori, O. J.; Reinecke, A. J.; Rozanov, A. B. 20B8ects of
salinity on partitioning, uptake and toxicity ofnziin the
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