
Acclimation Duration of Salinity Natural Seawater Artificial Seawater

Date Rate Exposure ppt Percent Survival Percent Survival

6/10/1997 No acclimation 48 hour 4 0 0

No acclimation 48 hour 5 0 0

No acclimation 48 hour 6 10 5

No acclimation 48 hour 7 0 25

No acclimation 48 hour 8 55 25

No acclimation 48 hour 20 100 100

7/21/1997 Slow to 10 ppt 96 hour 4 80

Slow to 10 ppt 96 hour 5 60

Slow to 10 ppt 96 hour 6 80

Slow to 10 ppt 96 hour 7 100

Slow to 10 ppt 96 hour 8 95

No acclimation 96 hour 20 100

7/28/1997 Slow to 10 ppt 96 hour 4 20 55

Slow to 10 ppt 96 hour 5 50 80

Slow to 10 ppt 96 hour 6 60 95

Slow to 10 ppt 96 hour 7 85 100

Slow to 10 ppt 96 hour 8 100 100

No acclimation 96 hour 20 100 100

8/1/1997 Slow to 8 ppt 96 hour 4 80

Slow to 8 ppt 96 hour 5 85

Slow to 8 ppt 96 hour 6 95

Slow to 8 ppt 96 hour 7 95

Slow to 8 ppt 96 hour 8 95

No acclimation 96 hour 20 100

8/1/1997 Rapid to 8 ppt 96 hour 4 40

Rapid to 8 ppt 96 hour 5 60

Rapid to 8 ppt 96 hour 6 95

Rapid to 8 ppt 96 hour 7 100

Rapid to 8 ppt 96 hour 8 100

No acclimation 96 hour 20 100

9/2/1997 Slow to 8 ppt 48 hour 4 90

Slow to 8 ppt 48 hour 5 95

Slow to 8 ppt 48 hour 6 100

Slow to 8 ppt 48 hour 7 95

Slow to 8 ppt 48 hour 8 100

No acclimation 48 hour 20 100

9/2/1997 Rapid to 8 ppt 48 hour 4 90

Rapid to 8 ppt 48 hour 5 95

Rapid to 8 ppt 48 hour 6 100

Rapid to 8 ppt 48 hour 7 100

Rapid to 8 ppt 48 hour 8 95

No acclimation 48 hour 20 100

Slow acclimation - Not more than 5 ppt/24-hour period

Rapid acclimation - not more than 5 ppt/2-hour period

Table 3. Results of 1997 salinity tolerance study with mysid shrimp, Americamysis bahia.

LOW-SALINITY TOXICITY TESTS WITH THE MYSID SHRIMP (AMERICAMYSIS BAHIA)

AND DRINKING WATER FACILITY CONCENTRATES: IS SALINITY STRESS AN ISSUE?

Abstract

Facilities in the State of Florida that discharge concentrates or

"reject waters" produced through the use of membrane

technologies, cooling water condensate, or other methods, may

be required by the State to perform toxicity tests with their

effluent using the mysid shrimp, , due to the

high conductivity of these concentrates. The State requires the

concentrates to be minimally salinity adjusted prior to toxicity

testing, potentially leading to some tests being conducted at

salinities as low as 8 part per thousand (ppth) (effluent “salinity”

plus 7-ppth artificial sea salts).

The Florida Department of Environmental Protection conducted

a study to determine if properly salinity-acclimated mysids were

stressed by the low salinity, potentially decreasing the toxic

effect thresholds. Standard reference toxicant tests were

performed using sodium dodecyl sulfate (SDS) and

pentachlorophenol (PCP) with mysids that had been salinity

acclimated to 7 ppth or left at their culture salinity of 20 ppth.

SDS and PCP were selected as reference toxicants because it

was believe that the toxicity of these compounds would be least

affected by changes in salinity when compared to other

reference toxicants such as metal salts; however, the toxicity of

SDS demonstrated a positive relationship to salinity, though not

significant at the p=0.05 level.

Test results indicated no statistically significant decrease

(p=0.05) in 96-hr LC50's in the 7 ppth salinity tests when

compared to the 20 ppth salinity tests, for either compound.

Americamysis bahia

David Whiting and Joseph M. Faircloth

Florida Department of Environmental Protection, Tallahassee, Fla.

Table 4. 96-hour standard reference toxicant tests performed with sodium dodecyl sulfate and mysid shrimp, Americamysis bahia,

that were tested at the culture salinity of 20 ppt or at a salinity of 7 ppt. The mysids used in the 7 ppt tests were salinity acclimated to

7 ppt following either USEPA salinity-acclimation guidelines, or by FDEP rapid-salinity-adjustment protocol. Nominal values reported.

96-hr 95% 96-hr 95% 96-hr 95%

Date Test type salinity LC50 C.I. Date Test type salinity LC50 C.I. Date Test type salinity LC50 C.I.

(mg/L) (mg/L)

3/18/02 No salinity

adjustment

20‰ 9.55 8.66-

10.52

4/3/02 No salinity

adjustment

20‰ 14.36 12.36-

16.69

4/8/02 No salinity

adjustment

20‰ 14.02 12.49-

15.75

4/15/02 No salinity

adjustment

20‰ 13.68 12.00-

15.61

7/8/02 Slow Salinity

Acclimation

7‰ 26.26 23.81-

28.95

7/8/02 Rapid

Salinity

Acclimation

7‰ 20.8 18.31-

23.63

4/22/09 No salinity

adjustment

20‰ 18.96 16.72-

21.50

7/22/02 Slow Salinity

Acclimation

7‰ 25.47 22.75-

28.45

7/22/02 Rapid

Salinity

Acclimation

7‰ 23.95 21.17-

27.10

8/5/02 No salinity

adjustment

20‰ 17.87 15.53-

20.56

8/5/02 Slow Salinity

Acclimation

7‰ 10 no C.I. 8/5/02 Rapid

Salinity

Acclimation

7‰ 12.31 9.91-

15.30

8/27/02 No salinity

adjustment

20‰ 15.78 14.31-

17.41

8/27/02 Slow Salinity

Acclimation

7‰ 21.25 18.83-

23.99

8/27/02 Rapid

Salinity

Acclimation

7‰ 9.33 6.50-

13.39

9/16/02 No salinity

adjustment

20‰ 15.8 12.98-

19.22

9/16/02 Slow Salinity

Acclimation

7‰ 19.79 17.38-

22.54

9/16/02 Rapid

Salinity

Acclimation

7‰ 24.84 21.27-

29.01

Table 5. 96-hour standard reference toxicant tests performed with pentachlorophenol, sodium salt hydrate (90% pure)

and mysid shrimp, Americamysis bahia , that were tested at the culture salinity of 20 ppt or at a salinity of 7 ppt.

The mysids used in the 7 ppt tests were salinity acclimated to 7 ppt following USEPA salinity-acclimation guidelines.

Nominal values reported. Analytical values expressed as PCP averaged 40% lower than nominal values.

96-hr 95% 96-hr 95%

Date Test type salinity LC50 C.I. Date Test type salinity LC50 C.I.

(ug/L) (ug/L)

2/10/2003 No salinity

adjustment

20‰ 860 798-928 2/10/2003 Slow

Salinity

Acclimation

7‰ 694 593-812

2/17/2003 No salinity

adjustment

20‰ 938 818-1076 2/17/2003 Slow

Salinity

Acclimation

7‰ 880 798-970

3/10/2003 No salinity

adjustment

20‰ 801 718-892 3/10/2003 Slow

Salinity

Acclimation

7‰ 884 802-974

4/14/2003 No salinity

adjustment

20‰ 860 798-928 4/14/2003 Slow

Salinity

Acclimation

7‰ 915 816-1027

4/28/2003 No salinity

adjustment

20‰ 1025 903-1164 4/28/2003 Slow

Salinity

Acclimation

7‰ 884 No 95% C. I.

Materials and Methods

Standard reference toxicant tests (96-hour acute) were

conducted with mysid shrimp, , and either

pentachlorophenol, sodium salt hydrate (90% pure) (PCP) or

. The tests were performed

following EPA Test Method 2007.0 (EPA-821-R-02-012).

The PCP tests for each date were conducted with a split batch

of mysids collected from two mysid generators on the same day.

The mysids from the two generators were composited, and half

the mysids were then held and tested at the culture salinity of

20 part-per-thousand (ppth), while the other half were placed in

a separate container and salinity acclimated down to the test

salinity of 7 ppth by the gradual (not more than 3 ppth change in

any 12-hour period) addition of de-ionized water.

The majority of the SDS tests were also performed on split

batches of mysids, but the splits were sometimes used to test

for effects of salinity-acclimation rates in addition to the effects

of overall salinity differences. Rapid salinity acclimation was

achieved by first lowering the salinity from 20 ppth to 15 ppth,

then dropping an additional 2 ppth every 2 hours until the final

test salinity of 7 ppth was reached.

Ninety-six hour LC50 point estimates and 95% confidence

intervals were calculated using the Trimmed Spearman-Karber

method.

Two-tailed t-tests (p=0.05) were performed on the LC50 values

comparing the 20-ppth tests results to the 7-ppth test results.

Americamysis bahia

sodium dodecyl sulfate (SDS)

Na+ Cl-

K
+

Mg
++

SO4
=

HCO3
-

Ca
++

H2

Surface water

Concentrate containing elevated

levels of common groundwater

ions in different proportions

than those in surface water.

Drinking Water

Unaltered concentrate sample Ion-Calc FDEP Biology

Facility Sample Date salinity (ppt) [from cond] Alkalinity (mg/L CaCO3) S. H. Wolfe v1.1 12/20/95

H2O r US 8/26/2003 3.2 246

Sample Sample Goal @ % of Goal @ Goal @ % of

conc. conc. samp. salinity samp 35 ppt 35 ppt 35 ppt Key ion for

Ion (mg/L) (moles) (moles) goal (mg/L) (moles) goal adjustment

Na+ 412 17.92 43.04 41.6 10780.00 468.90 3.8 -

K+ 13.4 0.34 0.93 36.7 399.00 10.20 3.4 -

Mg++ 347 14.27 4.83 295.6 1284.00 52.82 27.0 -

Ca++ 891 22.23 0.95 2328.6 418.50 10.44 212.9 Ca++

Cl– 910 25.67 49.91 51.4 19353.00 545.92 4.7 -

SO4= 2900 30.19 2.58 1169.6 2712.00 28.23 106.9 -

HCO3– 300.12 4.92 0.19 2605.2 126.00 2.07 238.2 -

Br– 16 0.20 0.08 260.0 67.30 0.84 23.8 -

238.2

TDS Salinity target = 83.37 Sample charge balance

(above ions) = 5789.52 cations (M) 91.27

anions (M) 91.17

diff 0%

t-test Results
PCP Test Results (n=5)

SDS Test Results (n=8 for 20 ppth, n=5 for 7 ppth slow, n=5 for 7 ppth fast)

7-ppth salinity tests from 20-ppth salinity tests, t-value = 0.817,

Table value = 2.306 (p=0.05)

7-ppth slow salinity tests from 20-ppth salinity tests, t-value = -2.143,

table value = 2.201 (p=0.05)

7-ppth rapid salinity tests from 20-ppth salinity tests, t-value = -1.181,

table value = 2.201 (p=0.05)

not significant

not significant

not significant

Results and Discussion

Mysids acclimated to, and tested at, 7-ppth salinity

laboratory culture water were not more sensitive (not

statistically significant at p=0.05 level) to the reference

toxicants PCP or SDS than mysids tested at the culture

salinity of 20 ppth.

The mysids that were slowly acclimated to 7-ppth salinity

showed a tendency to be less sensitive to SDS than the

mysids tested at 20 ppth, though not significantly so at the

p=0.05 level. Grippo also found decreased SDS toxicity with

decreased salinity in sailfin mollies,

(Grippo, R.S., 1999). There was no evidence that the PCP

toxicity was influenced by salinity.

These results would indicate that requiring facilities to test

their effluent with minimally salinity-adjusted effluent would

not cause additional failures due to salinity stressing the

test organisms. The benefits of testing effluents with

minimally salinity-adjusted effluents include:

* better detection of metal toxicity and toxicity caused by

other contaminants whose toxicity is masked by testing

at higher salinities;

* better approximation of potential impacts to receiving

water biota;

* more rapid identification of toxicants during Toxicity

Identification Evaluations.

Poecilius latipina
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