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SUMMARY

Ammonia is one of the most widespread pollutants in
aquatic ecosystems of industrialized countries. It is found
in a freshwater solution as two different chemical species,
the unionized form (NH;) and the ionized form (NH,"), this
chemical equilibrium is controlled principally by pH and
water temperature. Toxicity of ammonia is caused princi-
pally by the NHj. In spite of its high toxicity, there is little
toxicological data available on the NH; effects on fresh-
water invertebrate species. The aim of this work was to
assess the toxic effects of NH; on the survival and move-
ment of two species of benthic freshwater invertebrates:
the amphipod Echinogammarus echinosetosus and the pla-
narian Polycelisfelina. The LCSO, LCI(), LCOAOIa EC50, EC10
and ECy; values (mg/L NH;-N) at 24, 48, 72 and 96 hours
of exposure were calculated for both species. The LCyy,;
and EC,, values were considered as short-term safe con-
centrations to avoid mortality and inmobility in both spe-
cies of invertebrates. These concentrations could be used
as preliminary safe levels for episodic exposures to union-
ized ammonia. Additionally the comparison of our results
with other species of freshwater amphipods and planarians
show the relatively high sensibility of P. felina to unionized
ammonia. This species may be a good indicator of union-
ized ammonia pollution.

KEYWORDS: unionized ammonia, amphipod, planarian, toxicity,
invertebrates, safe level.

INTRODUCTION

Freshwater ecosystems are affected by different sources
of pollution, such as agricultural runoff, industrial efflu-
ents, organic waste discharges, atmospheric deposition and

nutrient enrichment from aquaculture [1-5]. All these fac-
tors increase the concentrations of ammonia, especially the
industrial effluents because ammonia is a staple raw mate-
rial in many industrial processes, and as a consequence a
common end-product [S]. Ammonia is also a natural prod-
uct of organic matter degradation, and therefore is an ha-
bitual component of the effluents from sewage treatment
plants [5]. As a consequence of all these anthropogenic pol-
lution sources, ammonia is one of the most widespread and
serious toxic water contaminants in industrialized countries
[5, 6]. This compound can be found in a freshwater solu-
tion as two different chemical species, the unionized form
(NH;) and the ionized form (NH,"), whose chemical equi-
librium is controlled principally by pH and water tem-
perature [2, 7]. High ammonia concentrations may cause
toxicity on aquatic animals, especially the unionized am-
monia, which is the toxic form of ammonia [2, 3, 5, 8].
Unionized ammonia has a high solubility in lipids and it
diffuse easily across cellular membranes, causing several
toxic effects on aquatic animals such as hyperexcitability,
convulsions, gill hyperventilation and epithelial necrosis [1,
9-11]. In spite of this toxicity, there is less literature avail-
able on its effects on aquatic invertebrate species and
benthic organisms than on fish [5, 10, 12].

Among freshwater benthic invertebrates, several spe-
cies of planarians and amphipods have been widely used
in aquatic toxicological studies, showing a high sensitiv-
ity to several toxics, including ammonia, nitrite, nitrate,
cadmium and several insecticides [2, 13-18]. Addition-
ally, these invertebrates are usually an important compo-
nent of macrobenthic communities in freshwater ecosys-
tems, playing a key trophic role: planarians as predators
feeding on living invertebrates, and amphipods as shred-
ders processing allochthonous and autochthonous plant
material into more digestible food for other invertebrates
[13, 15, 19-22]. Additionally amphipods may be a common
food source for freshwater predatory fish and macroinver-
tebrates [23-24].



The aim of this research is to evaluate the short-term
toxicity of unionized ammonia on the survival and move-
ment of two species of freshwater invertebrates; the pla-
narian Polycelis felina (Dalyell) (Planariidae, Turbellaria)
and the amphipod Echinogammarus echinosetosus (Pinkster)
(Gammaridae, Crustacea), under laboratory conditions. P.
felina is relatively abundant in several freshwater Euro-
pean ecosystems, and the genus Echinogammarus (Steb-
bing) is found in a wide geographical area extending from
Europe and North Africa to Asia Minor. E. echinosetosus
is an endemic amphipod of Iberian Peninsula found in the
upper and middle reaches of several Spanish rivers [20,
25]. The use of endemic/local species in ecotoxicological
studies can contribute to the establishment of regional safe
concentrations and to know the local effects of pollution
[26].

MATERIALS AND METHODS

Individuals of P. felina and E. echinosetosus were col-
lected from two upper reaches (site A and B, respectively)
of the Henares River (Guadalajara province, Central Spain).
Physico-chemical characteristics of both reaches are pre-
sented in Table 1. Invertebrates were transported to the
laboratory in plastic containers full with river water. Once
in the laboratory, amphipods (gravid adults and precopula-
tory pairs were rejected) and planarians were progressively
acclimatized to the test water conditions in independent
glass aquaria (1.5 L) for seven days prior to start labora-
tory bioassays. The test water used in the acclimatization
and bioassays was bottled drinking water without chlorine
(Table 1). During this acclimatization week, amphipods
were fed with stream-conditioned poplar leaves (Populus
sp.) and planarians with chicken liver and gravid amphi-
pods every two days.

TABLE 1 - Physicochemical parameters for water of both sites in
the Henares River (site A for Polycelis felina and site B for Echi-
nogammarus echinosetosus) and for toxicity test water. Mean values
+ standard deviations are presented for each parameter. Water
analyses were performed following standardized methods described
in ref. [27].

Physicochemical Toxicity tests  Henares River Henares River

parameter (site A) (site B)
Conductivity (uS) 755.34£25.6 536.4+13.6 852.5+106.4
pH 8.1+0.30 7.7£0.09 8.1+0.12
Alkalinity 200.2+0.3 294.9+27.8 267.1£31.5
(mg/L CaCOs)

Calcium 77.843.0 84.4+17.5 103.0£9.4
(mg/L Ca®)

Chloride (mg/L CI) 56.0£2.7 6.210.6 95.94+22.0
Dissolved oxygen 6.610.3 8.740.7 11.6+2.4
(mg/L)

Water temperature 15.0£1.0 11.3£1.8 11.7£5.8
O

NOs-N (mg/L) 2.740.3 1.5t1.4 1.3£1.0
NO,-N (mg/L) <0.005 <0.005 <0.005
NH;-N (mg/L) <0.002 <0.002 0.0024+0.004

Two independent short-term (4d) bioassays were con-
ducted. Unionized ammonia solutions and controls were
renewed daily. Both bioassays were carried out in glass
vessels, with 0.1L of control water or unionized ammonia
solutions, in triplicate. Vessels were covered with perforated
plastic foil in order to reduce water evaporation. No airea-
tion was supplied during the tests to avoid significant oxi-
dation of ammonia. Five exposure concentrations and con-
trol were tested for each species. In the case of planarians,
nominal concentrations of unionized ammonia were 0.14,
0.27,0.34, 0.51 and 0.69 mg/L NH3-N, and ten individuals
were used per vessel. Nominal concentrations in the amphi-
pod bioassay were 0.52, 1.04, 1.56, 2.09 and 2.61 mg/ L
NH;-N, and eight individuals were used per vessel. Nomi-
nal unionized ammonia solutions were prepared daily from
an ammonia stock solution of 100 mg/L NH4-N+NHj3-N,
which were prepared by dissolving the required amount of
ammonium chloride (NH4Cl, PANREAC, Spain, Lot No.
149959380, reported purity 99.5%) in 1000 mL of test wa-
ter. Ammonium salt was previously dried at 60°C during
48 hr. The concentrations of unionized ammonia as nitro-
gen (NH3-N) were calculated using the aqueous ammonia
equilibrium on the basis of mean values of water tempera-
ture and pH [7]. Water temperature, pH, dissolved oxygen
and total ammonia concentrations were measured daily.
Total ammonia concentrations were assessed by spectro-
photometry (Spectroquant® Merck, Germany. Detection
limit = 0.002 NH;-N) in accordance with American Public
Health Association [27]. Two parameters were monitored
at 24 hr intervals in each vessel: the number of dead in-
vertebrates, to calculate LC values, and the proportion of
affected individuals, that include dead and inactive organ-
isms, to calculate EC values [28]. A planarian was con-
sidered to be dead when the body tissues started to degen-
erate, and inactive when no displacement was observed after
a gentle touch with a soft-brush. The death of an amphi-
pod was admitted when no swimming displacement and
no movement of any body part were observed after a
touch with a glass stick. An amphipod was considered to
be inactive if not swimming displacement was observed but
some body part was active (such as pleopods, uropods or
antenna movements). Dead invertebrates were removed
every day. Glass vessels were renewed daily. LCqq;, LCyy,
LCso, ECy 1, ECyg and ECs, values for 24, 48, 72 and 96 hr,
and their respective 95% confidence limits, were calcu-
lated using the multifactor probit analysis (MPA) [29]. This
methodology solves the concentration-time-response equa-
tion via the iterative reweighed least square technique, LC
and EC values being calculated by a multiple linear re-
gression. The dependent variable is the probit of the pro-
portion of animals responding to each concentration, and
the independent variables are exposure time and unionized
ammonia concentrations. Mean actual concentrations of
unionized ammonia were used to calculate the LC and EC
values for each bioassay. Actual concentrations of union-
ized ammonia for the P. felina bioassay were 0.13, 0.26,
0.33, 0.52 and 0.70 mg/L NH;-N, and 0.69, 1.13, 1.63,2.21
and 2.80 mg/L NH;-N for the E. echinosetosus bioassay. In



the present study, LC; or ECy; was considered to be cal-
culated short-term safe concentrations of unionized ammo-
nia for each test species. These parameters refer to the un-
ionized ammonia concentrations that affect 0.01% indi-
viduals of the test population for each species [16, 30].
The LCyg; value has been shown to be an appropriate safe
level of unionized ammonia to avoid mortality and feed-
ing activity reduction in the freshwater amphipod Eulim-
nogammarus toletanus [16]. Additionally, LCyy; values for
the aquatic snail Potamopyrgus antipodarum did not caused
mortality in a behavioural bioassay with this snail [30, 31].

After the E. echinosetosus bioassay, animal body lengths
from the antennal base to third uropod were measured us-
ing an ocular micrometer. Before the bioassay with P.
felina, their body lengths were measured with a Delta-T
area meter (Cambridge, UK); each planarian was placed
in a Petri disc with test water and its image was recorded
in a computer through a camera, after its body length was
measured. Differences in body length between each un-
ionized ammonia treatment and control were assessed
by means of an analysis of variance for each bioassay
(ANOVA-Dunnett test) [32]. Significant (P<0.05) differ-
ences in LC and EC values between both species were
considered if 95% confidence limits did not overlap for the
same exposure time [29, 33].

RESULTS AND DISCUSSION

All unionized ammonia concentrations used in both
bioassays caused mortality which was proportional to ex-
posure time and unionized ammonia concentrations. No
dead or inactive animals were found in the control vessels
after 96 hr. No significant body length differences between
each treatment and the control were found for any of the
bioassays (P>0.05; Dunnett test). Mean body length +
standard deviations in the E. echinosetosus bioassay were
7.4+1.4 mm for the control and 7.3+1.7, 7.4+1.8, 7.3+£2.1,
7.4£1.4 and 7.8+1.8 mm for each treatment of increasing
unionized ammonia concentrations, respectively. In the P.
felina bioassay mean body lengths were 7.9+2.0 mm for
the control, and 7.0+1.9, 7.3+£2.1, 7.34+2.1, 7.5+2.1 and 7.3+

1.8 mm for the treatments. LC and EC values for each ex-
posure time are presented in Table 2. P. felina was more
sensitive to lethal effects of unionized ammonia than F.
echinosetosus, since its LCS(), LC](), ECS(), EC]O and EC()‘O]
values were significantly lower than those for E. echinose-
tosus (P<0.05; 95% confidence limits did not overlap). In
contrast, LCy ¢, values for each exposure time were simi-
lar between both species (Table 2).

The comparison of our 96 hr LCs, values (mg/L NH;3-
N) with other results reported in bibliography for amphi-
pods and planarians showed that P. felina has the 2™ high-
est sensitivity to lethal effects of unionized ammonia (Ta-
ble 3). In the case of E. echinosetosus, its sensitivity was
intermediate. The planarian Polycelis tenuis showed a high-
er value of 96 hr LCs than P. felina (0.58) [2]. Only the
amphipod Crangonyx pseudogracilis showed a similar sensi-
tivity to that of planarians, with a 96 hr LCs, value of 0.36
(0.17-0.59) mg/L NH;-N, as reported by Prenter et al. [34].
However, Arthur et al. [35] reported a high tolerance for
the same species to unionized ammonia (LCsy 96 hr of
2.57 mg/L NH;-N). The causes for this discrepancy could
be the small size of animals used by Prenter ef al. [34] and
intraspecific differences between the populations studied
by both authors. Other amphipod with a high sensitivity to
lethal and sublethal effects of unionized ammonia was Fu-
limnogammarus toletanus [16]. The 96 hr LCs values of
the amphipod Hyalella azteca have been found to depend
on the water hardness, hard water (270 mg/L CaCOs) re-
ducing the toxicity of ammonia [36]. The other amphipods
(Gammarus duebeni celticus and Gammarus pulex) showed
a higher tolerance to unionized ammonia than P. felina,
with values of 1.15 and 1.54-1.69 mg/L NH;-N, respec-
tively [2, 34]. These values were very similar to 96 hr LCs,
value of E. echinosetosus (1.22; Table 3).

As expected, calculated EC values were more sensi-
tive than LC values for both species (Table 2). Further-
more, the proportion of individuals affected by unionized
ammonia was clearly higher than the corresponding lethal
values in the case of P. felina. This difference was espe-
cially higher after 96 hr of exposure time between LC
(0.12 mg/L NH3-N) and ECyy; (0.04 mg/L NH3-N) to P.
felina, although differences could not be statistically com-

TABLE 2 - 24, 48, 72 and 96 hr LCy,¢1, LCy9, LCsy, ECy 01, EC19 and ECs, values of

NH;-N (mg/L) for E. echinosetosus and P. felina. 95% confidence limits are presented in parentheses.

48 hr

72 hr

96 hr

Species Parameter 24 hr

Echinogammarus echinosetosus LCoo 0.40 (0.26-0.53)
Polycelis felina LCoo 0.21 (0.05-0.33)
Echinogammarus echinosetosus LCio 1.33 (1.10-1.55)
Polycelis felina LCyo 0.45 (0.24-0.62)
Echinogammarus echinosetosus LCs 2.51(2.18-2.91)
Polycelis felina LCso 0.67 (0.47-1.04)
Echinogammarus echinosetosus ECoo 0.36 (0.24-0.49)
Polycelis felina ECoo 0.09 (0.05-0.14)
Echinogammarus echinosetosus ECio 1.18 (0.98-1.38)
Polycelis felina ECy 0.29 (0.22-0.36)
Echinogammarus echinosetosus ECso 2.20 (1.92-2.55)
Polycelis felina ECso 0.54 (0.46-0.65)

0.25 (0.16-0.33)
0.14 (0.03-0.22)
0.82 (0.69-0.93)
0.31 (0.19-0.37)
1.55 (1.44-1.66)
0.47 (0.39-0.58)
0.23 (0.15-0.31)
0.06 (0.03-0.08)
0.75 (0.63-0.85)
0.18 (0.14-0.21)
1.39 (1.29-1.50)
0.33 (0.30-0.36)

0.21 (0.13-0.29)
0.13 (0.03-0.19)
0.70 (0.58-0.80)
0.27 (0.16-0.33)
1.32 (1.21-1.43)
0.41 (0.34-0.53)
0.20 (0.12-0.27)
0.05 (0.02-0.07)
0.64 (0.53-0.74)
0.15 (0.12-0.18)
1.20 (1.09-1.30)
0.28 (0.25-0.31)

0.19 (0.12-0.27)
0.12 (0.03-0.18)
0.65 (0.53-0.75)
0.26 (0.15-0.32)
1.22 (1.10-1.34)
0.39 (0.31-0.51)
0.18 (0.11-0.25)
0.04 (0.02-0.06)
0.60 (0.48-0.69)
0.14 (0.11-0.16)
1.11 (1.00-1.22)
0.26 (0.23-0.29)




TABLE 3 - Comparison between 96 hr LCs, values of NH;-N (mg/L) for several species of freshwater amphipods (A)
and planarians (P) reported in bibliography. Water temperature and pH of test water are presented for each bioassay.

Species Group LCso pH T (°C) Reference
Hyalella azteca™ " A 3.76* 6.5-8.5 25 [36]
Crangonyx pseudogracilis A 2.57* 8.0-8.2 4.0-24.9 [35]
Hyalella azteca™ A 2.37* 6.5-8.5 25 [36]
Gammarus pulex A 1.69* 7.8-8.0 11.5 [2]
Gammarus pulex A 1.54 7.8-8.1 12.0-13.0 [34]
Echinogammarus echinosetosus A 1.22 8.1 15.0 This study
Gammarus duebeni celticus A 1.15 7.8-8.1 12.0-13.0 [34]
Hyalella azteca™ A 0.86* 6.5-8.5 25 [36]
Eulimnogammarus toletanus A 0.65 8.0 15.4 [16]
Polycelis tenuis P 0.58% 7.8-8.0 11.5 [2]
Polycelis felina P 0.39 8.1 15.0 This study
Crangonyx pseudogracilis A 0.36 7.8-8.1 12.0-13.0 [34]

*Mean value of several LCs, values

“*"Hard water (270 mg/L CaCO3) “"Moderately hard water (100 mg/L CaCO;) *Soft water (<42 mg/L CaCO3)

TABLE 4 - Short-term safe concentrations (LCy. 96 hr) of NH;-N (mg/L) reported in bibliography
for several freshwater invertebrate species. 95% confidence limits are presented in parentheses.

Species LCoo 96 hr Reference
Echinogammarus echinosetosus * 0.19 (0.12-0.27) This study
Potamopyrgus antipodarum ® 0.16 (0.04-0.30) [30]
Eulimnogammarus toletanus * 0.15 (0.09-0.21) [16]
Polycelis felina © 0.12 (0.03-0.18) This study
a = amphipod, b = mollusc, ¢ = planarian
CONCLUSION

pared (95% confidence limits overlap). Our results showed
a good dose-response relation between unionized ammo-
nia concentrations and this endpoint for each exposure time.
This contrasts with the study of Newton et al. [28], who
found a high variability and subjectivity in this endpoint for
the mollusc Lampsilis cardium. Our results showed that the
proportion of affected individuals is a sensitivity endpoint,
especially in the case of the planarian P. felina, whose ECs
values to 96, 72 and 48 hr were significantly lower than
their corresponding LCs, values (P<0.05; 95% confidence
limits did not overlap) (Table 2). Therefore, the propor-
tion of affected individuals can be a sensitivity and unex-
pensive endpoint to short-term planarian bioassays.

Ammonia discharges in aquatic ecosystems usually
occur as episodes of short duration [3]. Moreover, as a con-
sequence of the daily variation of pH and water tempera-
ture in freshwater ecosystems with high alkalinity, the un-
ionized ammonia fraction may reach toxic concentrations to
aquatic organisms during short-term periods [31, 37]. There-
fore, it is important to determine safe short-term concen-
trations for unionized ammonia, which may be indicated by
LCy: (or EC) values. These short-term safe concentrations
have been shown to be a good level to avoid reduction of
feeding activity and survival on the freshwater amphipods
Eulimnogammarus toletanus [16]. For aquatic invertebrates
reported in bibliography, LCy; values to 96 hr ranged from
0.12 to 0.19 mg/L NH;3-N (Table 4). However, variation in
water hardness, velocity and substrate could modify these
safe short-term levels [16].

Overall, we conclude that P. felina showed a relatively
high sensitivity to short-term lethal effects of unionized am-
monia. The proportion of affected individuals has been
shown to be a short-term sensitivity endpoint, especially in
the case of the freshwater planarian P. felina. LCyg or ECq
values can be used as short-term safe level to avoid ad-
verse effects to episodic pollution of unionized ammonia.

ACKNOWLEDGMENTS

Funds for this study came from Alcala University and
a research project (REN2001-1008/HID) from Ministry of
Science and Technology in Spain. Alvaro Alonso was sup-
ported by a predoctoral grant from the Council of Castilla-
La Mancha Community and from Alcala University, and
by a technician grant from INIA. Our sincere gratitude to
Pilar Castro for correcting the English text and to Marcos
de la Puente for his friendly help with taxonomic identifi-
cation.

REFERENCES

[1] Russo, R.C. (1985) Ammonia, nitrite and nitrate. In: Funda-
mentals of Aquatic Toxicology. Edition of Rand G.M. and
Petrocelli S.R. Hemisphere Publishing, Washington, 455-
471.



[2]

[3]

(4]

[3]

(6]

(7]

(8]

(91

[10]

[11]

[12]

[13]

[14]

[15]

(1e]

Williams, K.A., Green, D.W. and Pascoe, D. (1986) Studies
on the acute toxicity of pollutants to freshwater macroinver-
tebrates: 3. Ammonia. Archiv. Hydrobiol. 106, 61-70.

Maltby, L. (1995) Sensitivity of the crustaceans Gammarus
pulex (L.) and Asellus aquaticus (L.) to short-term exposure
to hypoxia and unionized ammonia: observations and possi-
ble mechanisms. Water Res. 29, 781-787.

Vitousek, P.M., Aber, J.D., Howarth, R.W:, Likens, G.E.,
Matson, P.A., Schindler, D.W., Schlesinger, W.H., Tilman,
D.G. (1997) Human alteration of the global nitrogen cycle:
sources and consequences. Ecol. Appl. 7, 737-750.

Abel, P.D. (2000) Water Pollution Biology. Taylor & Francis
Publishers, 2™ edition, London.

Bartsch, M.R., Newton, T.J., Allran, J.W., O'Donnell, J.A.
and Richardson, W.B. (2003) Effects of pore-water ammonia
on in situ survival and growth of juvenile mussels (Lampsilis
cardium) in the St. Croix riverway, Wisconsin, USA. Envi-
ron. Toxicol. Chem. 22, 2561-2568.

Emerson, K., Russo, R.C., Lund, R.E. and Thurston, R.V.
(1975) Aqueous ammonia equilibrium calculations: effect of
pH and temperature. J. Fish. Res. Bd. Can. 32, 2379-2383.

Randall, D.J. and Tsui, T.K. (2002) Ammonia toxicity in
fish. Mar. Pollut. Bull. 45, 17-23.

Fromm, P.O. and Gillete, J.R. (1968) Effect of ammonia on
blood ammonia and nitrogen excretion of rainbow trout
(Salmo gairdneri). Comp. Biochem. Physiol. 26, 887-896.

Alabaster, J.S. and Lloyd, R. (1982) Water Quality Criteria
for Freshwater Fish. Butterworths, 2" Edition, London.

Rebelo, M.F., Rodriguez, E.M., Santos, E.A. and Ansaldo,
M. (2000) Histopathological changes in gills of the estuarine
crab Chasmagnathus granulata (Crustacea-Decapoda) folow-
ing acute exposure to ammonia. Comp. Biochem. Physiol.
125C, 157-164.

Constable, M., Charlton, M., Jensen, F., McDonald, K.,
Craig, G. and Taylor, K.W. (2003) An ecological risk as-
sessment of ammonia in the aquatic environment. Hum. Ecol.
Risk. Assess. 9, 527-548.

Best, J.B., Morita, M. and Abbotts, B. (1981) Acute toxicity
responses of the freshwater planarian, Dugesia doroto-
cephala, to chlordane. Bull. Environ. Contam. Toxicol. 26,
502-507.

Martinez, M., Del Ramo, J., Torreblanca, A., Pastor, A. and
Diaz-Mayans, J.D. (1996) Cadmium toxicity, accumulation
and metallothionein induction in Echinogammarus echinose-
tosus. J. Environ. Sci. Heal. A31, 1605-1617.

Pantani, C., Pannunzio, G., De Cristofaro, M., Novelli, A.A.
and Salvatori, M. (1997) Comparative acute toxicity of some
pesticides, metals, and surfactants to Gammarus italicus
Goedm. and Echinogammarus tibaldii Pink. and Stock (Crus-
tacea: Amphipoda). Bull. Environ. Contam. Toxicol. 59, 963-
967.

Alonso, A. and Camargo, J.A. (2004) Toxic effects of union-
ized ammonia on survival and feeding activity of the fresh-
water amphipod Eulimnogammarus toletanus (Gammaridae,
Crustacea). Bull. Environ. Contam. Toxicol. 72, 1052-1058.

[17]

[18

[}

[19

—

[20

=

[21]

[25

=

[26]

(27]

[28

[}

[29]

[30

=

[31]

[32]

[33]

Camargo, J.A, Alonso, A. and Annabella S. (2005) Nitrate
toxicity to aquatic animals: a review with new data for
freshwater invertebrates. Chemosphere 58, 1255-1267.

Alonso, A. and Camargo, J.A. (2006) Toxicity of nitrite to
three species of freshwater invertebrates. Environ. Toxicol.
21, 90-94.

Cummins, K.W. and Klug, M.J. (1979). Feeding ecology of
stream invertebrates. Annu. Rev. Ecol. Syst. 10, 147-172.

Reynoldson, T.B. (1983) The population biology of Turbel-
laria with special reference to the freshwater triclads of the
British Isles. Adv. Ecol. Res. 13, 235-326.

Gayte, X. and Fontvieille, D. (1997) Autochthonous vs. al-
lochthonous organic matter ingested by a macroinvertebrate
in headwater streams: Gammarus sp. as a biological probe.
Arch. Hydrobiol. 140, 23-36.

Graga, M.A., Cressa, C., Gessner, M.O., Feio, M.J., Callies,
K.A. and Barrios, C. (2001) Food quality, feeding prefer-
ences, survival and growth of shredders from temperate and
tropical streams. Freshwater Biol. 46, 947-957.

Welton, J.S. (1979) Life-history and production of the am-
phipod Gammarus pulex in a Dorset chalk stream. Freshwa-
ter Biol. 9, 263-275.

Wetzel, R.G. (2001) Limnology. Academic Press, 3" Edition,
New York.

Pinkster, S. (1993) A revision of the genus Echinogammarus
Stebbing, 1899 with some notes on related genera (Crustacea,
Amphipoda). Memorie del Museo Civico di Storia Naturale
(serie 2) Sezione Scienze della Vita.

Preza, D.L. and Smith, D.H. (2001) Use of newborn Girardia
tigrina (Girad, 1850) in acute toxicity tests. Ecotoxicol. Envi-
ron. Saf. 50, 1-3.

American Public Health Association (1995) Standard meth-
ods for the examination of water and wastewater, American
Public Association, Washington DC., USA, 19" Edition.

Newton, T.J., Allran, J.W., O'Donnell, J.A., Bartsch, M.R.
and Richardson, W.B. (2003) Effects of ammonia on juvenile
unionid mussels (Lampsilis cardium) in laboratory sediment
toxicity tests. Environ. Toxicol. Chem. 22, 2554-2560.

US Environmental Protection Agency (1991) Multifactor
Probit Analysis. Environmental Protection Agency, 600/X-
91-101, Washington DC.

Alonso, A. and Camargo, J.A. (2003) Short-term toxicity of
ammonia, nitrite and nitrate to the aquatic snail Potamopyr-
gus antipodarum (Hidrobiidae, Mollusca). Bull. Environ.
Contam. Toxicol. 70, 1006-1012.

Alonso, A. and Camargo, J.A. (2004) Sub-lethal responses of
the aquatic snail Potamopyrgus antipodarum (Hydrobiidae,
Mollusca) to unionized ammonia: a tolerant invading species.
Fresen. Environ. Bull. 13, 607-615.

Zar, J. H. (1984) Biostatistical Analysis. Prentice-Hall Inter-
national, Inc. 2™ Edition. New Jersey.

Mummert, A.K., Neves, R.J., Newcomb, T.J. and Cherry,
D.S. (2003) Sensitivity of juvenile freshwater mussels
(Lampsilis fasciola, Villosa iris) to total and un-ionized am-
monia. Environ. Toxicol. Chem. 22, 2545-2553.



[34] Prenter, J., MacNeil, C., Dick, J.T., Riddell, G.E. and Dunn,
A.M. (2004) Lethal and sublethal toxicity of ammonia to na-
tive, invasive, and parasited freshwater amphipods. Water
Res. 38, 2847-2850.

[35] Arthur, J.W, West, C.W., Allen, K.N. and Hedtke, S.F.
(1987) Seasonal toxicity of ammonia to five fish and nine in-
vertebrate species. Bull. Environ. Contam. Toxicol. 38, 324-
331.

[36] Ankley, G.T., Shubauer-Berigan, M.K. and Monson, P.D.
(1995) Influence of pH and hardness on toxicity of ammonia
to the amphipod Hyalella azteca. Can. J. Fish. Aquatic. Sci.
52,2078-2083.

[37] Crumpton, W.G. and Isenhart, T.M. (1988) Diurnal patterns
of ammonium and un-ionized ammonia in streams receiving
secondary treatment effluent. Bull. Environ. Contam. Toxi-
col. 40, 539-544.

Received: February 23, 2006
Accepted: April 18, 2006

CORRESPONDING AUTHOR

Alvaro Alonso

Laboratorio de Ecotoxicologia
Departamento de Medio Ambiente
Instituto Nacional de Investigacion

y Tecnologia Agraria y Alimentaria (INIA)
28040 Madrid

Spain

Fax: 34 91 347 40 08 )
E-mail: aafernandez@inia.es (Alvaro Alonso)

FEB/ Vol 15/ No 12b/ 2006 — pages 1578 - 1583

1583



	portada ammonia_alonso_FEB_2006
	ammonia_alonso_FEB_2006.pdf



