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Toxicity of Alkalinity to Hyalella azteca 

Toxicity testing and chemical analysis of pore 
water have become integral to the process of 
sediment quality assessment. Incorporation of these 
procedures into sediment evaluations has been 
prompted by the understanding that bioavailability 
of contaminants in sediments is primarily through 
exposure to the pore water and by the refinement 
of extraction techniques that provide sufficient 
volumes of pore water for toxicity testing. Caution 
should be exercised, however, in interpreting data 
on pore water toxicity because of the inherent 
chemical characteristics of pore water. For 
example, high concentrations of alkalinity, which 
are typical of sediment pore water from many 
regions, cause toxicity to test animals. The 
significance of alkalinity to Hyalella azteca, an 
amphipod commonly used for sediment and 
pore-water toxicity testing, was assessed in our 
laboratory. 

Pore water Is Often High in Ionic 
Strength 

Pore water extracted from estuarine and 
freshwater sediments rich in calcium and 
magnesium carbonates and organic carbon tends to 
have high concentrations of the major cations (Na+, 

K\ Ca+2, Mg+2) and anions (Cf, CCV2, SO/2), 
dissolved organic carbon, and ammonia. We found 
pore-water alkalinities in estuarine sediments as 
high as 1,600 mg/L as CaC03 and pore-water 
alkalinities in sediments from arid regions as high 
as 4,500 mg/L as CaC03. Although increasing 
concentrations of alkalinity and hardness were 
generally thought to reduce toxicity, alkalinities in 
the range typical of some pore waters are toxic to 
Daphnia magna. 

Total alkalinity is the sum of all bases in 
solution that are titratable with an acid, including 
carbonate, bicarbonate, ammonia, phosphate, 
silicate, and some organic acids. Pore-water 
concentrations of these bases can be extremely 
high due to a combination of ionic strength, 
dissolved organic carbon, sulfate reduction, carbon 
dioxide and ammonium production, and the 
dissolution-precipitation of mineral solid-phases. 

Toxicity of Alkalinity to Hyalella 
azteca Was Tested 

Toxicity of alkalinity was tested using sodium 
bicarbonate fNaHC03). To verify that the toxicity 
was due to carbonate and bicarbonate and not to 
sodium, a similar toxicity test was conducted 
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simultaneously using sodium chloride (NaCl). In 
addition, the reference toxicant, potassium chloride 
(KCl), was also tested to confirm the health and 
sensitivity of the test organisms. 

Hyalella azteca were exposed for 96 h to 
serial dilutions of NaHC03, NaCl, and KCl. Six 
dilutions (x0.5) of NaHC03 and NaCl stock 
solutions (6,000 mg/L and 10,000 mg/L, 
respectively) and four dilutions (x0.5) of KCl stock 
solution (1,000 mg/L) were prepared using well-
aerated reconstituted water (hardness, 100 mg/L as 
CaC03; alkalinity, 70 mg/L as CaC03). Alkalinity, 
reported as mg/L CaC03, was measured by titrating 
the solutions to pH 4.3 with 0.05 N H2S04. 
Because NaCl and KCl do not alter alkalinity, all 
NaCl and KCl solutions had alkalinities of 
70 mg/L (the alkalinity of the reconstituted water), 
and only the NaHC03 solutions had variable 
alkalinities. Within each dilution treatment, there 
were five replicate test chambers, each containing 
10 animals. 

Alkalinity was toxic at concentrations 
frequently encountered in sediment pore water 
(Figure). The 96-h LC50 alkalinity was calculated 
as 1,272 mg/L (as CaC03), corresponding to a 
1,979 mg/L NaHC03 solution. The 96-h LC50 
concentration of NaCl was 6,507 mg/L and of KCl 
was 406 mg/L. These data verify that it was not 
sodium but carbonate and bicarbonate that were 
responsible for the measured toxicity. The animals 
exposed to KCl responded within the bounds of 

previous reference toxicant tests, indicating that the 
cultures were healthy. 

Information Is Needed on Test 
Organism Tolerances 

Pore-water chemistry and related toxicity are 
important aspects of a complete assessment of 
sediment contamination, and interpretation of the 
toxicity should take into account the test 
organism's tolerances to elevated concentrations of 
major ions as well as contaminants. Natural 
chemical characteristics of some sediment pore 
waters may overshadow anthropogenic sources of 
toxicity. As demonstrated here, elevated levels of 
alkalinity may be toxic. Tolerances of test 
organisms to alkalinity should be determined 
before performing pore-water toxicity tests. 
Alkalinity should be a routinely measured 
parameter in pore-water toxicity tests, and 
interpretation of toxicity should consider alkalinity 
concentration. 
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Figure. LC50 concentrations of tested 
mineral salts and alkalinity. 




