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II. EXECUTIVE SUMMARY

Aquatic toxicity can be assessed using a variety of test
organisms including fish, algae, or invertebrates. The materinl;ifa“Lk
methods and procedures used for conducting aquatic toxicity test;:,ffﬁ-’

Iwith daphnids, a macroinvertebrate, are presented. .

Two macroinvertebrates, Daphnia magna and Daphnia pulex haféia; i
been utilized in such toxicity tesfing becaunse of their sensitiQii;&T% :
to many chemical pollutants and ease in culturing. D. magna ig:,

recommended for toxicity testing of hard waters (>160 mg/1 as CaC035 1:5

while D. pulex is used for testing softer waters (<100 mg/1 as

CaCOs). Either species is suitable for waters of intermediate

hardness although D. magna is hardier and larger than D. pulex a£d’7;hﬁ
may therefore be preferred. o
Daphnids are cultured in the leboratory in an unpolluted

surface or groundwater source or in glass—distilled teconstitutgd fi
water. Toxicity tests are conducted for 48 hours using replica£§"i
- samples con}aining a dilution of the toxicant solution and ten
daphnid first stage instars in one liter glass beakers. Mortaliiy???,'
as determined by cessation of antennal or leg movement after gentle . |
prodding, is observed at frequent time intervals so that the LCSO':'
‘(toxicant concentration causing 50 percent mortality} and ILCSOi
'{incipient lethal concentration) canAbe calculated. The testin;;
procedure can determine the acute toxicity of both known chemical
toxicants and complex effluent samples. Methods for developingrand{ "

maintaining a dephnid culture, obtaining first stage instars,

(111)



establishing the viability of the test organisms and conducting jﬁet'
toxicity test, are described. The persistence of the toxicity 0¥éa¥
sample is evalunated by comparing the LC50 value determined ;
immediately following sample collection with that determined on n‘lf;:l
second portion of the same sample after 96 hours of storage a; N
ambient temperature. Transfer toxicity tests are described whi;h=;:ii'
are used to determine the effect of intermittent or varyinmg expobéxél4€‘
of a toxicant to daphnids. Such a procedure more closely refledt;_.-
conditions encountered in an aquatic enviromment receiving
intermittent or variable pollutant discharges. Methods used to - f{&j:‘
determine LC50 and ILC50 toxicity values are based upén the observe§5 
‘mortality of the daphnids over time, at the various toxicant
concentrations. The procedure is the same as for the determinatjén;’

of toxicity values using fish as the test organisms and has been .

described previously by Plotkin and Ram {1982b). The 1982 direct =

cost for establishing a daphnid toxicity testing laboratory,
including equipment (capital expenses), glassware, and chemicalI ‘ ;?'
supplies was about $13,000 {excluding the cost of a constant
temperature room). Apﬁroximately 16 hours are needed to conduc; a ;-.‘
single daphnid biocassay, excluding sampling requirements and cuiture’
maintenance. The direct cost for ea;h daphnid test is dependent -
upon the wages of the technician conducting the test and proportion - -
of capital expenses assigned to each bioassay. The direct cost;
including labor and supplies, ranges from about $280 to $160 pe?
test (in 1982 dollars). The former figure includes one percent.éf«.Z 
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the capital expense per test (equal to $130) and the later fignré;'f

represents labor and supply costs alone. A minimum of $1000 (19&2‘ o

dollars) is required per year for chemical and glassware
replacement., Daphnid bioassays are considerably cheaper and lesé

time consuming than fisk bioassays.

)
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V. INTRODUCTION

Determination of aqnatic'toxicity can be achieved using a 4

fiﬁe test organisms are exposed to a range of toxicant'concentrations.‘}T

itS determine the comcentration causing 50 percent mortality after a

_ébserved even upon prolonged periods of exposure {(ILC50). Some of
f%sgﬁe test protocol and statistical methods used when conducting
-:iibxicity tests with these vafious test organisms are the same. For

l {3€¥ample. such water quality parameters as dissolved oxygen, pH,
'ﬁ?fhardness. alkelinity, conductivity, and temperature influence the

: ié;tent to which a particular toxicant can.affect a test organism,

L ; l'-l --t‘ '
'3{*”%hether it be a species of fish such as the fathead minnow

'dw:(PimQELQLQQ promelag) or the invertebrate'Daghnig magna, All of ;fl y??“
5tﬁesa water quality parameters, then, must be determined and ‘

"3}}§ported when conducting a toxjcity test. The degree of

;-ifgbsceptibility to any giveh toxicant, however, may vary between
i;@ifferent test organisms. It is therefore prudent, when determining .

?iﬁe potential deleterious impict of a chemical toxicant on an

Ly

h“;quatic ecosystem, to conduct several toxicity tests using differentjaﬂ g;”“’

o test organisms from various trophic levels. In this way the effect . f.wa‘
'{§f the toxicant on a broader range of organisms in an ecosystem can o
"be estimated. The materials and methods for conducting fish

‘ZTﬁioassays and algal assays have been presented previously (Plotkin
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';ﬂd Ram; 1982a,b). This report presents additional test procedures

L;iér toxicity testing using daﬁhn;ds.
| Five:baSic steps are required to conduct toxicity tests using '!i
mliﬂfd#pﬁnids:
o i. choosing the test organism;
ii. procuring the daphnids;
iii. estahli;hing and maintaining the daphnid culture;
dv. conducting the toxicity test (Tpxicity Testing
Procedures); and | : _ -
‘ v. evalunating toxicity data.
lngﬁe first four topics are discussed in detgil in this paper slong.
:xiith associated test protocol, procedures and recommendations.
V'i!évalnation of toxicity data has been described previously (Plotkin

~and Ram, 1982b).

(2}




VI, CHOOSING THE TEST ORGANISMS: D. MAGNA OR D. FULEX?

'*=;lﬁ General description of D. magna and D, pulex
Two macroinvertebrates, Daphnia magna and Daphnia pulex, have

- frequently been used by investigators (Winmer, 1976; Sherherban,

ﬁil?ﬁ.1917; and Maki, 1979) for toxicity testing because of their

 sentitivity to many chemicals. D. magna is principally a lake
. dweller and is restricted to waters in northern and western North

»Aﬁerica which exceed a hardness of 150 ppm as CaCO3 {(Pennak, 1978).

-,él pulex (Figure 1) ocours over most of the North American
"_;ontinent. It is principally a pond dweller, but also is found in
'iﬁkes.

‘ The life span of daphnids, from the release of the egg into the‘"
:ﬁfood chamber until the death of the adult, is highly variaﬁle
.Jdgpending on the species and envirommental conditions (Pennak,
'1978). Generally the life span increases as temperature decreases,

due to lower metabolic activity. The average life span of D. magns

. 'is about 40 days at 25°.C, and about 56 days at 20°C. The average

'“Af'flife span of D. pulex at 20° is approximately 50 days. Food

ff .. availability additionally influences the life span of these

" organisms. Generally an inverse relationship is observed between

“life span and food availability, just short of starvetion (Wetzel,

o 1978).
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Figure 1,

Anatomy of female Daphnia pulex (Magnification x70):
B, brain; BC, brood chamber; C, digestive caecum;

CE, compound eye; F, fornix; FA, first antenna
(attennuvle); H, heart; INT, intestine; O, ocellus;

OV, ovary; R, ros trumor beak; SG, shell gland. (From
Pennak, 1978.) |
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. .l

“:fé; Life cycle

_ Four distinct periods may be recognized in the life history of
- déphnids: (1) egg, (2) juvenile, (3) adolescent, and (4) adult
_(Pennak, 1978) . Typically, a clutch of 6-10 eggs is released into

‘;fhe brood chamber. The eggs hatch in the brood chamber and the
';j'uveniles. which are already similar in form to the adults, are

;:icleased in approximatély two days when the female molts {(casts off

- her exoskeleton). The time required to reach maturity (defined as

" the stage in which the first offspring are produced) varies from six, .- :

}fo‘ten days and also appears to be dependent on body size. The
érowth rate of the organism is greatest during its juvenile stages
(early instars), and the body biovolume may double during each of

'{hese stages. D. pulex has 3-4 juvenile instars, whereas 2; mARDA
has 3-5 instars., Eech stage is terminated by a molt. Growtk occurs

"iﬁmediately after each molt while the new exoskeleton is still

:élastic.

Following the juvenile stages, the adolescent period is very

:§hort. and consists of a single instar. It is during the adolescent-f

Jf;nstar that the first clutch of eggs reaches full development in the o

: ] ;vary. Generally, eggs are deposited in the brood chamber within |

_ ;minutes after ﬁolting and the young which develop are.teleased just
”béfore the next molt.
‘ D..égggg usnally has 6 to 22 adult instars, while D. pulex hagi-

‘j18 to 25. 1In general, the duration of instars increases with age,

_'bﬁt also depends on envirommental conditions. A given instar

(5)



“;generally lasts approximately two days under favorable conditions,

. but when conditions are-unfavorable, it may last as long as a ﬁeek.
Four events take place in-a matter of a few minutes at the end _fﬁ}f?fﬁ

:{gf each adult instar in females: (1) release of young from the ~

. 'brood chamber to the outside; (2) molting; (3) increase in size; and ||

\t4) release of a new clutch of eggé into the brood chamber. The

- _pumber of young per brood|is‘high1y yﬁriable'for dapknids, and

’depénds primarily on foog'availability and envirommental conditions.:?
‘1225 magna and D. pulex may both produce ﬁs'ﬁahy as 30 young during
':”;ach adunlt instar, but more commonly fhé number is 6-10. The number ;
Vof yoq#é released during the adult-iis?afi of D. pulex reaches a
._,ma;imqm at thgltegth instar, gftef‘wi%cﬁ there is a gradual decreaselégg;;:g

(Anderson and Zupancic, 1937}:i“1ﬁe‘md;imum number of young produced;.iAfff

 'b§ D. hagna occurs at the fifth adult instar, after which it

decreases (Anderson and Jenkins, 1942).
:3. Consideration ardin oice of the test organism

When conducting a toxicity test using macroinvertebrates as the i, &7 .

_test organism, one must first decide whether to use indigenous

'organisms or a particular daphnid species.

'g. magna and D. pulex are often preferable to using-indigenous

| speéies in toxicity testing because:

1. data rarely exist as to whiéh sﬁecieé‘indigenouh to a
given receiving water is thé'mosf'sgnsitive;;

2, pollution may have eliminated sensitive species, leavjng

only extremely tolerant species behind;

) S



Uféf.j_f 3. sensitive indigenous species may not be

commercially availeble (daphnidsare easily obtained) and

:i:_ o culturing requirements may not be known;

4, _the history of indigenouws organisms from a receiving water;ij.ﬁﬂ‘u
may be unknown, Animals previcusly exposed to a pollutant':}  
might give erroneous toxicity test results because of
possible acclimation to the toxicant.

If the investigator has decided to use either D. magna or D.

L f‘_nélg; as the test organism he must then decide which of these two

' - species is preferable for the purpose of the particular study. An

~ important distinction between D. magna and D. pulex is their

'different tolerances to water hardness. Water with a hardness of

'160—180 mg/L as 03003 is recommended for D. magna while a hardness

of 80-90 mg/l as CaCO, is most suitable for D. pnlex. Both species j%ﬁ-t i

3
‘;*éﬁn be readily cultured in the laboratory, although D. magna has
' -'-eren found to be a hardier organism (Weber, 1980). Ideally, the
“;‘fﬁater quality characteristics used for laboratory toxicity testing

. should closely parallel the field conditions under investigation.

: Since Massachusetts inland waters are gemerally soft with associated~?~ :;j}

_alkalinity values of less then 34 mg CaCO,/L (Frey, 1963), D. pulex

"l:might seem like the logical test organism as it is more tolerant .
?‘5,3 ;han D. magna to softer waters., However, the small size of D. pglex;lﬁ ;7
“makes observing their mortality during a toxicity‘test very

" -difficult and tedious. Since D. magna are hardier and larger than R
- ! i
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D: pulex the former species may be

invertebrate toxicity tests.-

toe

preferred in conduncting
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VII. PROCUREMENT OF DAPHNIDS

.1,. Sources of organisms

Daphnids may be obtained from the U. S. Eavirommental

Protection Agency, Lexington, MA laboratory, or from a biological

"_  sﬁpply house such as Carolina Biological or Berkshire Biological

:(éee Appendix A). Only a small number (50-100) of organisms are
.;éeded to start a culture. The organisms are generally shipped in
:ébo milliter plastic jars. Transport timelshonld not exceed two
f@;ys. This is in order to ensure the maintenamce of a healthy
‘culture. Upon their receipt, th§ organisms should be acclimated to

-.the temperature of the room used for conductirg the toxicity tests

‘(2000 is optimal). Sudden changes in temperature may cause death in ‘- .

\-'1_§6me portion of the daphnid population. A temperature change of

‘less than 2% per 12 hours is therefore recommended (Pucke,

unpublished). Following temperature acclimination, daphnids should

“’ be immediately transferred to a freshly prepared culture medium and

then fed.
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VIII. ESTABLISHMENT AND MAINTENANCE OF THE DAPHNID CULTURE
'i: -Cnltgre media |

- Daphnids may be cultured in either an.'unpolluted' surface or
groundwater source, or in glass-distilled ;reconstitnted’ water.

' fhe factors which one considers in choosing the appropriateness of
'these two water sources for a given toxicity test application has
been discussed previously (Plotkin and Ram, 1982b). The chemical

constituents and concentration used for making np reconstituted

bptained by reverse osmosis is preferred over that obtained by
carbon.absorption or ion exchange methods of purification. The
latter procedure is known to leach constitutents from the carbon or
.pxcﬁange resin which might interfere with the toxicity test.
2. Co ine

Daphnids may be cultured in 2 to 4 liter widemouth glasg jars.
Alternatively, five gallon glass aquaria may be uwsed. The latter
-ﬂas the advantage of being able to poﬁtnin a larger volume of
culture media and permits daphnids to avoid air bubbles being
-;ntroduced into the vessel by the required #eration procedure. It

s recommended that several culture vessels be maintained to nyoid

" - the loss of an entire culture resulting from a daphnid population

.crash contained in a single vessel.

(10)
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3 Table 1 o
Components of Reconstituted Water Used in Culturing Daphnids
‘_AWater) Species ic nents (mg/L) Resulting Resulting -
.- Type. . Suit- ‘ Hardness Alkalinity
S ability NaHCOS CaSO4' 2H20 MgSO4 KC1 (mg CaCOalL) (mg CaColst)‘

‘Moderately D.pulex 96.0 60.0 60.0 4.0 85 57

“hard
. Hard . D.pagns 192.0 120.0 120.0 8.0 170 114

@i



l-3, Aeration
The culture solution should be continuously and gently aereted
! ol "

by plading an air stone in one corner of the cﬁlfure vessel. Care

. . . . ‘ ' ' { s
should be taken not to aerate too vigorously as this might result in .

"
i

super saturation of the water and/or the entrapment of eir under the'iﬁafd :

-~

(daphnids carpaces., Super saturation has occurred if small bubbles
- : - ' S

.form on the sides of the culture vessel. Compressed air of unknown.

perity should be scrubbed through polyester or cotton batting fo

remove oil and particulate materiall

4l Temperature

Daphrnids can be cultured snccessfﬁlly over a wide tempe&ature
! ' T

rapgg.(16:25?C):Lv1he'0ptimug temperature is approximately 20°C, and r;':"f

if ambient laboratory temperatures remain in the range of 21 + 2°CJ

normal growth and reproduction of daphnids can be maintained without -

special temperature control equipment. .

£. Illemipation

“The variations in ambient light intensities (50-100 ft candles):{g‘f&:x

-'Tand prevailing day/night cycles in most laboratories do not seem to ~ N

‘Significantly affect daphnid growth apd reproduction. However, a

day/nightacycle of spproximately 12 hours light/12 hours dark, is

rTecommended.

6. Foeding

Appropriate food preparation and feeding are very important in
-majintaining daphnid cultures., Weber (1980) recommends a suspension
of trout chow, elfalfa and yeast, Personnel at the EPA lab in

(12)



tLéxingtOn, MA have determined that viable cultures can be maintained
- ywithoﬁt the yeast portion of the suspension (Davis, personal
'qommunication). The omission of yeast in the food being used to ‘

maintain daphnid cultures at the UMASSIAmh?rst‘bioassay laboratory,

'qiif_ﬁowever, was suspected to have cansed frequent population crashes.

"‘: The inclusion of yeast in the daphnid food, therefore, is highly

;;;écommended. It is also recommended that the food solution be
'ﬂj;¢§pared by homogenizing it in an electric blender as described
"ibélow. Mixipg, utilizing a mortar and pestie, does not result in a
;ﬁfficiently homogenized solution,

The food is prepared as follows:

a. Place 6.3 grams of'tront chow peilets. 2.6 grams of dried
yeast and 0.5 graﬁs of dried alfalfa into a blender.
NOTE: The trout chow must conform to United States

- Fish and. Wildlife Service specifications PR(11)- ‘ﬁfﬁJ
.78 and can be obtained through livestock feed .
stores., Dried alfalfa;ﬁnd yeast can usually be

ocbtained at health food stores.

b. Add 500 m1 of distilled water.

¢. Blend at high speed for five minutes.

4. Place mixture in a refrigerator ;nd gllow to settle for
one hour;

e. Remove from the refrigerator and deéant 300 ml of the

supernmatant into a beaker.

(13)



f. Place 30-50 ml eliquots in 100 ml polyethylene bottles
with screw-on tops and freeze.
g. Portions should be thawed as needed. After thawing
the food solution should be refrigerated and then~
discarded after ome week if not used. - B
_Approximately 1 tb 1.5 ml of daphnid food per 1000 ml of -
cul ture solution should be added three times per week (Mon&ai;
{“rWédnesd&y and Friday, for example). Cultures will crash if they are:f

- - fed over less frequent time intervals. Small amounts of excess food .

' do not pose any problem if the solutionm is continvously merated and :° E

replaced every two weeks, as stipulated by the culture maintenance
. .protocol. . . P N
“7, Celture mainterpance

Careful culture maintenance is essential to ensere a vieble
dafh;id popnlatiﬁn of sufficient size for biocassay testing needs.
 The soiu;ioﬁ in each stock culture vessel should be replaced every
two weeks with freshly prepared reconstituted water or unpolluted

gtound'o: surface water., Concurrently, the daphnid cunltuvre should

te thinned to prevent overcrowding. This is best accomplished as
. follows:
a. Using tygon tubing (5/16 in),

DI Y

lge;:tlli syphon ont ahout. 19—
15 adult daphnids per liter of culture medium from each
culture vessel and place into &8 1000 ml beaker containing -

:wabout'loo ml of freshly prepared medium. The tip of the'j f-

éyphon should be kept under the éutfacg of the water to

(14)




avoid air entrapment under the daphnid c;rpaces. Discard
the remaining daphnids in the 014 culture solution.

‘b.‘ Clean the culture vessel with 20 percent hydfochloric
acid, allowing the acid to remain in contact with the
vessel inner. surface for about four minutes., The vessel
should then be rinsed thoroughly with tap water followed
by five rinses with distilled watetl‘

c. Fill the cleaned vessel with freshly prepared culture
media, - |

d. Gently pour the daphnids from thé 1000 ml beaker into the
c¢leaned vessel qontaining the freshly prepared culture
media.

e. Cover each culture vessel with clear plastic film such as
'Seran Wrap’', Parafilm, or a plexiglass plate to prevent
dust and dirt from entering into the celture media.

Infrequent replacement of the culture media will result in the"«

‘”f;ccumulation of weste. products, which may lead to a population crasht;;;ﬂﬂ,&

:with over-production of males and sexual eggs. |
Sexual eggs called ephippia or 'resting eggs' are produced in

-, daphnid cultures during prolonged periods of stress, During these

.'ﬁimes the relative population of male daphnids increases. Ephippia .

are then produced by the females. The ephippia are resistant to

enviromental stress (e.g. overcrowding, insufficient food, gnd

' .media dessication). These eggs produce visble dapﬁnids when

(15)



envirommental conditions improve. Cultures that contain ephippia
sﬁould not be used for assays:

7 Occasionally a daphnid population will crash, for no apparent
-réason. shortly after‘the culture is thinned. This phe;déenén has
"been observed in this and otﬁér laboratories with noléatisfactory
explanation of fered. To avoild the los; of-aﬁ entire daphnid
-qnlfnre. the investigator sh;uld m;intnin several cnltur;s and thin
‘them on a staggered basis. Alternatively-a név‘cﬁlturelc;n'be

initiated immediately following a crash by obtairing a new test

population as described in Sedtioh VII.

v F
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{ IX. TOXICITY TESTING PROCEDURES
' ’i; Establishin e bility of the test orgamnisms
| Once a viable daphnid population has been est;blished, it is
’Efﬂ:f_ﬁéssible to begin toxicity testing using these organisms. To ensure f?
: ifhat a healthy and normal daphmid culture has been established in
o  tﬁe l;borafory. a toxicity test on a known standard toxicant, such

as sodium dodecyl sulfate (SDS) shomld be conducted. The 48LCS0

value of this toxicant for D. magna should fall in the range of 5-10 “L"l

. mg/L for s water hardness of 160-180 mg/L as CaCO, (Weber, 1980). A ..

‘ﬁinimum.of three reference toxicant concentrations shouwld be
N . employed: one above, one equal to, and one below the expected LCS50.
 §pr daphnids, use SDS concentrations of 5, 10 and 15 mg/L.

If the LC50 of SDS does mot fall in the recommended range for

H'"the test organisms, the sensitivity of the organisms and the overall ~ -*°

ﬁcfedibility of the test system are suspect. In this case, thg tgst
:_.:p;ocedure shonld be examined for defects, and a different batch of
’ ::;:ﬁfﬁst organisms should be employea in repeating the reference
7~;pxicant and effluent toxicity tests.‘
- A large deviation from the expected 10 mg/L LC50 value may be
indicative of an overly stressed, or othgrwise unhealthy daphnid
‘:cnlture.
The condition and sensitivity of each population of new test
jdiganisms F? the reference toxicant should ﬁe determined. No
' 3§dpu1ation of test organisms should be used in a toxicity test

'uﬁless its condition has been determined against the referemnce

17



2, Test vessels

AT . Lo i

;fbxicant. If preferred, this semnsitivity test may be run

‘concurrently with an effluent toxicity test.

' . (Y . - ]

The vessels used for toxicity testing should be made of

material that will not adsorb chemical constituénfs from the test

solution. Furthermore, they should not be comprised of substances
) ' ’ b t A B &

whick might leach into the test solution., Glass is prefereble, but ;?;3:=¥f:

ther ma&erials, such as stainles§ steel, teflon. polyeth}lene and
'foiypropylene-are acceptable. One liter glass be;kers #re ;; idea1'¥;1fff%;.
size aﬁﬂ afe relatively‘ineipénsive.‘ They have the additional o
_qdvantages of being transparent to permit the observations of

daphnid mortality during a toxicity test.

"8. Test comditions ' _ ">€”f€?;53'
| A summary of the tﬁst corditions used for conducting bioassays'i %t;,5f“

D. magna or D, punlex are shown irn Table 2.

©. msing either

- 4, Obtaining first stage _instars for the toxicity test

First instar D. magna or D. pplex (24 hours or less ig‘ige) aref? B

:ﬁsed in conducting the toxicity tests. To obtain the reguired
;nnmber of these instars, 50 adolt females bearing eggs in their
brood pouches are pipeted from the cultvre vessels 24 hours
preceding the initiation of a toxicity test. These dephnids are
,;arefully transferred into five 400 ml beakers (10 per beaker)’
"contgining 300 ml of the reconstituted water or other.nnpolluted

water and 0.5 ml of the prepared food solution.

(18)



Table 2

Summary of Test Conditions for D. magna and D. pulex

T

Temperature (°c):

Light guality:

‘Light intemsity:

Photoperiod:

Test vessel:

Test solution volume:
Age of test animals:
Numbe‘r of animal slbéaker:
Number éf replicate test

+

vessels per concentration:

16-25°C (20°1s optimal)
Ambient laboratory light o
50-100 foot candles (ambient light. - . - -

levels)

'1-16 hours light/photoperiod with 5; ﬂf3ﬁ

minimem total of 8 hours of Iight‘ ;.¢3‘:
per 24 hour period (12 hours E
light/12 hours dark is recommendedils:. .
1 liter glass beakers, covered witﬁt{if,f
plastic film | &
to preclude entry of dust or othe;f
airborne particulates

200-400 ml

0-24 hovrs {first instar)

10

2

(19)




Table 2, Continued

k.

“al

‘Feeding regime:

Aeration:

Dilution watér:

Test duration:

Obserfed effect:

hegin the test with test
medium containing 0.3 mi

féodl200 ml as descriﬁed

previously: no further

feeding is required.
None, unless dissolved 1
oxygen f;lls below 40 |
percent satur;fion, a; )
which time gentle singie—d
bﬁﬂble aeration shoui& be |
st;rted.

Reconstituted water: Hard
water for D. magna mode;-l
ately hard watef for D.
pulex. Alternﬁtively an
unpolluted ground or “
surface water'may be nsed.

48 hour;

Mortality as evidencéﬁ.by the

cessation'df antennal

or leg movement.

(20)




The daphnids should be transferred using a 20 ml pipet with the ?.1.

~delivery end removed and fire polished. The inner diameter of the

};tube should be approximately 5 mm, The pipet tip is submerged into

lni‘;he culture solution, end adult daphnids are carefully removed using

suction from a pipet bnlb or propipet. The daphnids are then gently Cn

.:released into the beakers taking care to avoid the introduction of

rféir bubbles which could become entrapped under their carapaces.

:7Jﬁis is best accomplished by placing the tip of the pipet below the

- :water surface before releasing the daphnids.

The-young that are found in the beakers on the following day
Aﬁre then used for the toxicity test, Five beakers. each containing
:iO adults, usually will sopply enough first instars for one toxicityi
test.
s Male daphnids should not be used for testing. During most of

“the year the population of daphnids comsists nearly exclusively of

females, Males become abundant only during the spring and autumn or - P

n_iéuring periods of high populaticn demsities with subsequent

‘accumulation of excretory metabolites or when food is unavailable,

Ephippia are then produced by females. Male daphnids are

distinguishaeble from females in many ways. The males are are

" 'smaller in size thanp females. They also have a modified abdomen,
Eia:ger antennules than females and first legs armed with a stout
Lpiésping hook. Unless ephippia are observed in the culture vessels,

;;all the daphnids will be females, and it will not be necessary to

‘1check morphology.
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e 5. Test procedpres
Two types of aqueous saﬁples can be subjected to toxicity

‘testing: a) a known chemicel toxicant or mixtvre of known chemicals ‘-

or, b) a complex effluent of unknown coatent. As in fish bioassays, @y

‘there are two steps required to evaluate the toxicity of these“typeséi.:rfg'M
of samples: G

1. determination of the range of toxicant dosage which
results in an observable response (Screening Test); and
2. determination of scute toxicity using toxicant dosage

applied over a nmarrower range (Definitive Test).

- - —— e

.
i
c
'
1
.,
i,
i

a, Knowr chemical toxicapt: _Screemning Toxicity Test

A 24 hour ranging toxicity test is first performed on a

'rtpxicant solution of known chemical composition to determine the

e e,

w

cverall toxicity range. This is performed using a ten—fold dilutioni-;;ﬂﬁ‘“
" series of the toxicant end observing 100 percent mortslity and 100 .: 'ggﬁ L
percent survival of two to four test organisms per vessel exposed to{fi~f

‘different toxicant levels after 24 hours of exposure. The finer

L.

ircremental toxicant dosage range to be used for determining the

1 " *

4BLC50 is then evaluated. This range occurs betwéen the highest pnifﬁ'kp,

“ toxicant concentration resulting in 100 percent survival and the
. . t

- H - i |

‘ibwe;t concentration reselting in 100 percent mortelity. The ST
' ~§rocedure for the 24 hours screening toxicitﬁ teét i;‘as follows: ' -
i) Prepare 8 dilution series of thertoxicant solntibn by .-

| dissolving a known quantity of the material to bem“;- i i

tested in an eappropriate dilution water, and then igfﬁg"f

(22) X : '::-i :'f:.':i-".;":



ii)

iii)

iv)

v)

vi)

. making tenfold dilutions of this solution using

additional dilution water.. (CAUTION: Do not over
gerate water as supersaturation may lead to air

bubbles being trapped under the carpaces of the

daphnids. The formation of small bubbies on the

sides of the dilution vessel is an indication of
supersaturation.)

Pour 200 ml of each dilution into one liter glass
beakers. Additionally pour 200 ml of dilution water
containing no toxicant into_q one liter glass beaker
to serve as & control.

Add 0.3 ml food/200 ml of test medium,

Carefully transfer 2 to 4 first stage daphnid instars yﬁfg,;?ﬂ

into each test vessel. The daphnids are transferred

using a wide~mouthed eye dropper or pipet as

described previously. Care must be taken to preclude :;

the introduction of air bubbles during the transfer,
Cover each test contaimer with plastic wrap to
preclude entry of air borne farticulate material.
Observe daphnid mortality after 24 hours. First
instar daphnids are very'smhll and somewhat difficnlt‘-t
to see. A light table and ﬁagnifying glass aid in
determining ﬁortality. An inexpensive light table
can be readily constructed using clear or frosted

plexiglass placed over a fluorescent light bulb.

(23)




Mortality can be determined by cessation of antennal

or leg movement after gentle prodding.

vii) Determine the maximum toxicant concentration in which '
100 percent survival is observed and the minimmm
toxicant concentration in which 100 percent mortality ;?iititi
is observed. These will be the upper and lower
toxicant concentrations, respectively, used in the

‘Pef initive Toxicity Test. o - s

b. Known chemical toxicanmt: LCS0 value determination e
(Definitive Test) .

The second stage of evaluation is the determination-of the

| 48LCSO velue and ILC50 value. This Defimitive Toxicity Test is

"e;seatially the same as the ranging toxicity test with the exception f;f

that the test is conducted for 48 hours using ten first stage - -

défhnid instars per vessel. .Five to seven toxicant concentrations

ir exponential series are used in eddition to e cortrol containing

no toxicant., The test is performed using two replicates per

concentration. To ‘determine -the acute toxicity of -a toxicant

solution with reasonable accoracy a definitive test must ﬁeet:béth ‘: i ;-?2
éf the following criteria:
i. Each concentration of  the toxicant must be at least
50 percent of the preceding.qoncent:ation.‘A |
ii, One concentration must have killed (or nffectéd)‘more-¥ L

tkan 65 percent. of the organisms exposed to it, and

(24)
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'“foxicant solution., A test is not acceptable if more than ten

' percent mortality occurs in the control,

. 'mortality should be made to achieve more reliable and statistically -
'TH}-}éignificant 48LC50 and ILC50 values. The test vessels should

. therefore be checked after 1, 2, 4, 8, 16, 24 and 48 hours for both - . -

- municipal wastewater treatment processes are a second group of

T et ety v

one concentration must have killed (or affected) lessiﬂﬁﬂi-'F

than 35 percent of the orgarnisms.

The control consists of test orgeanisms exposed to the same

:"dilution water, conditions, snd procedures, used in testing the

For the definitive test, more freguent observations of daphmid Hf

. e by
mortelity and decline in dissolved oxygen. If dissolved oxygen

falls below 4 mg/L GzlL. then gentle bubble aseration should be

-initiated in the test vessels as previously described.

¢c. Complex effluent: Screening Toxicity Test.

Complex effluents such as those produced from industrial or

 aqueous samples which can be subjected to bioassays. A preliminary Sl

! R

'“ﬁpiicity test is again required to ﬂetermine the range of effluent ;”ﬁ:?sif
' ;diluéion resulting in anrobservable response. Weber (1980), |
presented a protocol for the preliminary toxicity screeming of

: gffluents. A somewhat modified procedure developed by the UMASS

Envirommental Engineering Laboratory follows:

1. Measure the pR and DO of the (100 percent) effluent and
control water. If the pH falls outside the ranmge of 6.0- };

8.0, set up two parallel tests, wsing pH-adjusted

(25) .



(pE = 7.0) and vnadjusted 100 percent effluent. If the DO ;;i;h :
is less than 4 mg 02IL. the test solutions should be -3ri5'l
aerated, as previously described, before use. i
For each test, ten first stage daphnid instars are’
carefully transferred into each of two test vessels
containing 200 ml of 100 percent effluent plus 0.3 ml of

the food'solhtion.

Ten first stage daphnid instars are also immediately

placed in each of two vessels conteining control medium

consisting of dilution water.

Cover each contasiner with plastic wrap to preciude entry
of pir-borne perticulates. o

The test vessels are checked after 1, 2, 4, and 8 hours
for early mortality of the daphnids and dissclved oxygen

concentrations. Gentle aeration shonld be initiated if

the DO levels fall below 4 mg OzlL.

ﬁpon observing mortality ofer these prescribed time

intervals the foliowing action is takeﬁ:

i, If the mortality of the daphnidskexposed to 100
percent effluent éxceeds 20 percent at anytime durinﬁﬁ-yr
the first eight hours, and the mortality in the |
controls has nbt excéeded ten perc&nt..the efflu#nt
is comnsidered to be toxic. The test is }ﬁnédiatély' jﬁfﬁh{i?!

terminated, and a definitive test is initiated. If

the initial pH of the effluent falls outside of the S

(26)



range, 6.0-8.0, adjust the pH to 7.0 before running
the definitive test.

ii. If the mortality of the daphmids in the control

beakers exceeds ten percent at any time during the

first eight hours or at any time later in the test,

the preliminary screening test is immediately
terminated and repeated.

If the mortality in the effleent is less than 20

-
[
[
.

percent after eight honré,‘thé-test is continued
until the 20 percent levéllis exceeded, or until the ﬁ”‘
test period reaches 24 honrs,. whichever occurs first.é;“;iE‘: 
7. If the test runs for the full 24 hour period, the results
are interpreted as follows: o
i. If the mortslity in the efflment was less than 20 f‘?;iiu;;
percent, the effluent is considered mnot tozic and |

no further tests are conducted, unless the mortality :ft*‘

in the controls exceeded ten percent or the reference?ﬂ

)

toxicant date were abnorm#l.
ii, If the mortality exceeded 26 percent in the effluent.l‘  :
but was less thgn ten percent in the controls, the
effluent is considered to#ic and a definitive test
is conducted,
iti. If the mortality exceeded ten percent in the

controls, or if the reference toiicity data are

(27) "7 jj . o 11B3ﬁ;*ff



abnormal, the prelimimary screening test must be
repeated.

d. Complex effluent: Definitive Test.

The definitive test is carried out to determine the LC50 of the‘"‘ i

'.ﬁéffluent and must employ controls and five;to-seven concentrations

Jf effluent in a dilution series. : The dﬁration is 48 houts.:

The definitive test is usually run at effluent concentrations

‘of 12f5. 25, 50, 75 and 100 percent by volume. However, if the

. toxicity of the effluent is such that. the preliminary screening test:;;iifﬁﬁ;

' is terminated in the first eight hours, it may be mecessary to

modify the dilution series to provide lower effluent concentrations,

" The following suggestions are offered:

i, If, ih the preliminary test, the eight hour (and Zﬁ—hpuxsfl
mortality in 100 percent efflneng is less than 50 percent,:f;“
the definitive test is run at the concentrations of 12.5, |
25, 50, 75 and 100 percent by volume.

ii. If, in the prelimimary test, the eight hour (or 24-hour)
mortality in 100 percent effluent is greater than 50
percent, the range of dilutions is changed to provide
lower concentrations of effluent, such as 1.5, 3.1, 6.25,
12.5, 25, 50 and 75 percent.

iii. The test veséels should ﬁe checked after aé least 1, 2, 4,ﬁ‘
8, 12, 24 and 48 hours for mortality and declime in DO
‘Additional effluent dilutions may be required if the

effluent is highly toxic. Gentle aeration, as previonsly -
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described, should be initiated if DO concentrations fall

below 4 mg OzlL.

;;3ﬂ e. Persistence of effluent toxicity.

The persistence of the toxicity of the effluent may be a factor -;g,:-“

" ‘in estimating the effect of 8 discharge on aquatic life in the

1Eeceiving water, and in establishing the toxicity limits of an

National Pollutant Discharge Elimination System (NPDES) permit. The,'”;ﬁ“”

" persistence of toxicity is examined by detérmining'the 24-hour LC50

,"”félue of the sample immedistely following collection, and thexz

" .repeating the test on the remaining portion of the sample after 96

hours. The portion of the effluent sample used in the second test

lmust be held at ambient temperature (20°C) and out of direct
I;?unlight. ihe sample should be held in a glass container covered
5ﬁ?rtia11y with plastic sheeting to permit gas exchange, and the DO
' _should be checked after 1, 2, 4 and 8 hours, and daily thereafter to; 7
: fdete:mine if aeration is required to preveﬁt oxygen depletion, ‘

A decrease in toxicity will result in an increase in the LC50

.. :valye. Therefore, if the second toxicity test results in an

'-‘igcrease of iOO percent of the LC50, the toxicity of the effluent isrf~
'_Eénsidered.;o be 'non-persistent’'. If the LC50 has not increased
ﬁ"lbﬂ percént or more after 96 hours, the toxicity is considered to bg‘
‘J_ﬁbersistent'.

f. Transfer toxicity tests ggigg_ggnhnids,

Transfer tests can be used to determine the effect of

intermittent or varying exposure of a toxicant to daphnids (or othp:';__,_;

(29)



" test organisms)}. Such conditions are typically encountered in a
stream or other aquatic enviromment receiving intermittent or

variable pollutant discharges. Such variations may increase

toxicity by excursion into very lethal toxicant concentrations, evem |

for short periods, or may decrease toxicity via homeostatic
rejuvenation during low toxicant level recovery periods. Ope would
expect certein combatative biological functions, weakened by high

‘concentrations of some toxicamts, to be capable of replenishment

‘ . during periods of low concentration. Bioassay results obtained

“from a toxicity test involving the intermittent exposure of daphnids

or some other test organism to a toxicant might, therefere, result
in:different LC50 and ILC50.values than those obtaived in & normal
'MStoady—state toxicant concentration bicassay. This may, therefore,
'gecessitate varying standards for intermittent exposure, based‘on

.the capacity for homeostatic reserve rejuvenation.

Transfer assays are easily conducted with fish by dip netting. ;Q:[Qf}f

. Such studies, however, are much more difficult using daphnids owing SR

. to their extremely small size. We have developed a procedure which
- does enable the tranéfering of these organisms between varyipg
tpxicant solutions. A daphnid transfer toxicity test can ﬁe
rconducted using 10 cm (0.D.) glass cylinders equipped with 1;5-175
um porosity glass frits at one end of the cylinder to retein the

. .daphnids while simultaneously allowing a. test solution to be .

- drained through the cylinder, The cylinders are placed within one o

(30)
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uiﬁter beakers containing the appropriate toxicant concemtration in

1.

}%éilution water. The test is conducted as follows:

Use the gemeral procedure previously outlimned for the
Pefinitive Toxicity Test with the exception that glass
cylinders equipped with glass frits at one end are first
placed within each of the one liter beakers followed by

the addition of the 200 ml test solution and ten first

. stage daphnid insters to the cylinders.

After some prescribed time interval (2, 4, 8 or 12 hours)

1ift the cylinder out of the beaker allowing all but about'ﬂ

10-20 ml of the test solution to drain through the glass

frit., Care should be taken not to allow all of the test

solction to drain out of the cylimder as this might result ﬁ‘ﬁ*r'l

in air entrapment under the daphnid carpeces.

Ouickly insert the cylinder containing the daphnids into s
second besaker containipg some dilution water, and fill it
with dilution water to rinse out the first toxicant
solution,

Drain the cylinder egain and quickly transfer it to a
third beaker filled with 200 m1 of the fresh toxicant
solution, Care ;hould be used in refilling the cylinders
to minimize the formation of air bubbles in the test
water.

Dilution watér containing no toxicant should be used when N

transferring the daphnids from a high to lower toxicant

(31)




o bt

higher toxicant solution, the more concentrated solution

"necessary to maintain a-.constant toxicant concentration in'*.}

solution. When transferring the daphnids fron a low to

should be used for rinsing. Several rinsing steps may be

- eack of the two test solutioms. ' .
-All of the beskers and cylinders shouléd be placed in &

-large tray. : : - C e

The cylinders should+be loosely covered with:plastic wrap . . . j'ﬁ

-during the test to preclude contamination by:airborme i! ;ff{g E

-particulates. - oo N

Methods for observing mortality have been described

+

previously. - die ot . : . S

(32)



X, DETERMINATION OF LCS0 AND ILC50 VALUES

The methods used to determine LC50 and ILC50 toxicity values

o ;;dfe based wpon the observed daphnid mortality over time, at the

“various toxicant concentrations. The procedure is the same as for

. ‘the determination of toxicity values using fish as the test organism 10

.. and has been described previously by Plotkin and Ram (1981b). It

should be emphasized that frequent observations of daphnid mortality

' -'jr'esn1|t in an easier determination of these toxicity values.

(33)
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XIX. APPENDICES
APPENDIX A
EQUIPMENT, SUPPLIES AND LABOR REQUIREMENTS
Table 3 provides a detailed list of the equipment and chemical
.:igﬁpplies needed to perform toxicity tests using daphnids as the test
h'q;ganism. The ﬁumber of toxicity tests which can be performed is
“dependent upon labor availability. Table 4 presents approximate
A iime requirements for conducting a single daphnid bioassay.
' ;Ayproximately 16 person hours are needed t6 conduct a single daphnid‘_ff
ﬁioassay. This figure excludes both sampling requirements, which
'juﬁfe dependent on the site location, and culture maintenance, which
. involves food preparation, feeding, cleaning aquariums,
r;constituted water preparation, and population thinning. It is
estimated, then, that a single laboratory techniéian would be able
A:fto conduct two biocassays per week, inclusive of data analysis and
i report preparition. This contrasts to the much greater labor
2requirements to conduct fish biocassays (approximately 24 person
'ihours per fish bioassay). The decreased labor and space
':requirements'to conduct toxicity tests using daphnids as the test
organism as compared to fish represent & significant time and
honetary savinﬁs in both the establishment of a bioassay laboratory
- .and performance of toxicity tests. The direct cost for establishing =
l'a,daphnid toxicity testing laboratory and supplying it for ome year
't.w;s about $13,000 in 1982 dollars. This figures does not include

."the cost of a constant temperature room which is required for
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l;”S&ppiies and Equipment Required for

Table 3

Tests

Cost1 Vendor2

.jifem: . Specifications or Usage
S ($)
_Eguigéent :

_Culfnre flasks

Water still
pH meter and
"probe .
Thermometer
Lighting
Light Timer
. R
' .,".l HIN
Ahalyﬁical
 balance
-TQQen-:
Dessicator

‘ Filtering
apparatus

- Constant
temperaturg
room ’
Light’ table

4-five gallon gless aguaria

range 0-14 pH unit + .1 unnit

must provide about 50-100 ft-C

produces 2 liter/hour .

- 0°-100°C Hg theimometer

o must'automatically‘}urn*bff
" on light at specified inter—

vals (e.g. 12 hours light
and 12 hours darkness

capable of reading to fourth

decimal point

capable of reaching 120°¢

used for oven drying chemica1§

for use with 47 mm filters

to provide 16—2500‘

for observing and counting

Daphnid during a test

(36)

60 Pet store

3,000 Fisher Sci.

500 Fisher Sci;%

10 Fisher Seci.

100 Hardware store

40 Hardware store

3,000 Fisher Sci.

. 800  Fisher Soi.

100 Fisher Sci.

200 Millipore Corp.

Conducting Static Zooplankton Toxicify7‘

10 Materials found at .
a hardware store .

L1



fIgb}§:3, Continued

,\7‘

(37)

80

o 2
L Item Specifications or Usage Cost1 Yendor
cee T ' ($)
“Lgéﬁiéggn;, Continued
. Magnifying aids in observing Daphnid 5 Hardware store.
8183.8 . .
LConductivity measures conductivity 500 Yellow Springs
‘Lmeté; and probe Instruments
'./Diésolved measures oxygen concentration 1,000 Yellow Springs
oxygen in water Instruments
meter and probe
f;SpecfrO* measures absorbance and 2,000 Perkin Elmer
- photometer transmittance
_SUBTOTAL. .+ + + + + o « « » . e e 11,325
. Supplies
‘Polyester fiber wused for filtering oil and 10/1b Pet store
T sand particles from air lines
Fii{erk 0.45 pm membrane filter 18.50/ Fisher Sci.
‘ 100
' Assorted 2 each 25 and 10 ml burets
.glassware 5 each 100 ml1 volumetric
SR flasks
3 ecach 1 liter volumetric flasks
4 each of'0.5,1.0,2.0,3.0,
5.0 ml volumetric pipets 450 Fisher Sci.
20 each one liter glass beakers
,_ﬁisposahle 10 m] borosilicate glass
pipets pipets used for daphnid
' Co transfers Fisher Sci,




Table 3, Continued

_ Ifém' Specifications or Usage ' Cost’ Vendor?

()

Supplies, Continued

f?ipet:bnibs 1 needed to supply suction
T - to pipets 4 VWR
.Glass cyiindcrs4 20-10 cm OD éylinders" ) 150 Glass supply
- 10 ¢m high store
* Glass frits4 20-9 om diam. frits with 286 Ace Glass
T pore size 145-175 um
r;Air stones for aerating'dilutipn water
3 3/%1.00 1 Pet store
‘Air line for aerating dilution water .
(2 meters/$1.00) . - 1 Pet store
'Po1yéthy1gne 4-100 ml containers for S o
~jaxs’ daphnid food ) ' 4 Fisher Sci. .. 7;_{f‘3f
Daphnid food yeast, trout pellets and 20 Pet stores and _r‘fﬂ~
R : alfalfa (1 year supply) health food stores ' -

SUB-TOTAL. . « + « v + o o o o o o v o o v o . . 1024.50
R S
. Chemicals Certified ASC reagent grade . RAIAIE
‘ (one yr supply) to make up reconstituted Y
‘ ' water and performing
chemical tests:

Reconsituted water:
NaHCO, , Ca804-- 2320.

ugsq4? EC1 : , 100 Fisher Sci.
Hgggggss: NaCH, NH4CI.

Mg+ EDTA, NaiEDTA,

cwos » ericchrome

(38)
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ﬁiﬁﬁleuﬂ. Continued

"ijgeﬁ B Specifications or Usage Cost1 Vendor2 't;~?‘3}?

%)

?mic tinued

black T indicator,

HZSO4; 75 Fisher Sci.
Alkalinity: NaZCDs,
52304 35 Fisher Sci.

SUB-TOTAL. . « « « « + « « « s v o o s o o« . 210

CGRAND TOTAL. . » + + v v v v o v oo v u v .  12,559.50°

1. Costs are in 1982 dollars. IR

. 2. Vendor addresses are presented in Appendix A. Equipment and supplies may = :
be obtained from other scientific vendors as well, ;

3.:0rand total does not include cost of constant temperature room.

4. For conducting transfer toxicity tests.

LI
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Table 4

t Labor Requirements for Conducting a Single Daphnid Bioassay

‘7?foceﬂufe Time Required (Hours)
1, Sampling dependent on site location
2."Prepafation of dilution - 2

"water and toxicant
‘dilution series T, Ve

‘,3.- ¢chemical amalyses 1
*  (pHB, hardness, -
alkalinity, D.0.)

-4, . Observation of daphrid .- 3
-+ mortality over the 48 hour
test duration

o ey g e
- F

'S5, . Termination of test and 2
o glassware washing
"6. Data analysis and report : 8
: preparation

. ‘ 1

Total time required 16

‘(e;clﬁding sampl ing)

.1.  In addi;ion to labor requirements for conducting a single daphnid
‘biocassay, spproximately four person hours per week are meeded for
- celture maintenance and thinning.

(40)
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itpxicity testing (Table 3). Additional yearly supply costs are
f}g#épenﬂént upon the number of chemical amalyses performed and
::;€§xicity tests conducted each year. A miﬁimnm of about $1,000 (1982 °

:-dgllars} is required per year for chemical and glassware —
'-.;eplacement. The actual cost for each daphnid test will be
Qgpendent npon the wages of the technician conducting the test ard
~;§;op0rtion of capital expenses assigned to each bioassay. Some

Jéétimated cost figures are shown in‘Table 5. Vendor.addresses are

listed in Appendix A,
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Table 5

:};Eéi;mﬁted Direct Costs (1982) Dollars to Con&uct a Single Daphnid Bioasaayf:-

f;i#ém‘ﬂ" ) S ) Quantity g
. A.. Capital cost to establisk bioassay " $13,000 -
. laboratory : S
- B. Technican, annual salary $15,000 :- .
_';é. quber of assays conducted by one techmican 100 ;f
 per year2 _f;
D. - Yearly supply cost $1,000 i
. . ! : .
.- B, stt per test, assuming capital expense is $280

.repaid during first year [(A+B)/C]

:‘F. ’Cost per test after capital expense is B $160
- .Fepedd [(B+D)/C]

) i.._Cdst per test would be less if proportion of capital expenies assignédg-»
' to each bioassay was distributed over more years., Cost excludes
,sampling. ' - ’

2. Assumes two test per week for one year.

(42)
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APPENDIX B

DEALER ADDRESSES

" Ace Glass Inc.

-~ P, 0, Box 688
. 21430 NW Boulevard
*- VYineland, NJ 08360
- 609-692-3333

Berkshire Biological
. 210 Florence Road

. P. 0. Box 404

" "Florence, MA 01060
. 413-586-6149

" Caralina Biological Supply Company

" '2700 Yorr Road

- Burlington, NC 27215
919-584-0381

- .US Eavirommental Protection Agency Laboratory
60 Westview Street

. Lexington, MA 02173

617-861-6700

Fisher Scientific
461 Riverside Avenue
" P. 0. Box 379
Medford, MA 02155

i -617-391-6110

';,Millipore Corporation
. Bedford, MA 01730
- B00-225-1380

" YWR Scientific Incorporated

" .. P. 0. Box 232

- Boston, MA 02101
- 617-964~0900

. Yellow Springs Instrument Company

"Box 279
Yellow Springs, OH 45387
513-767-7241
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APPENDIX C

Laboratory Worksheet
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- 6%

DATE:
. TEST METHOD:
" TEST ORGANISM: -

WATER SOURCE

_BIOASSAY/TOXICITY TEST DATA

" STARTING TIME:

- TIME INTERVAL

Zh —

" 4h

" AND. HARDNESS : FINAL TIME:
TEMPERATURE :
DISSOLVED 0,:
pH:
24, 48 or 96 HOUR TEST
# SURVIVING/% MORTALITY
8h 12h 24h 36h | 48h 72h  |96n

ACTUAL TIME

TIME INTERVAL

CONTROL

|

WO W e (W o (R >R >

It S U
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