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Table I-1. gumilry of No, beds end Aeoureoy, Preoi,lion, end Do_ootLon-LI_L_
Ob_e_ivos

Aecu racy, Preet st on, Detect ion
Parameter Hethod t Bias RODa Limits

L_I _ EJlr/] I_[I] Illllr IIll_l I L I I ...... ........ ] L lilinlllllll Illlll I "--_ ___ _ rll -- Ul II ___ _---

Anions

Alkalinity EPA 310.1 25 5 10 mg/L

Hoe3"w CO32" SM 406C NAb NAb NAb

Br', CI" 8M 429, Bodified 10 10 0.5 mg/L

F" EPA 340.2 5 5 0.2 mg/L
SM 429, modified

S 2- EPA 376,1 NAb NAb 1 mg/L

8042. EPA 375.4 or EPA 375.2 5 10 5 mg/L

cyanides

CN" EPA 335°2 or EPA 335.3 15 15 20 _Q/L

SCN" SM 412L 15 10 0.5 mQ/L

Free NH3-N EPA 351.2, modified 5 10 0.2 mg/L

Total KJeldahl NH3-N EPA 351.2 5 10 0.5 mg/L

NO2/NO3-N EPA 353.2 or 10 15 0.03 mglL
Alpkem A303 8170 02

Organics

Phenol EPA 420.2 10 10 20 _Q/L

Volatiles CLP modified 40 25 Sample and analyte

dependent

8emlvolatiles a TCLP modified 40 25 Sample and ana_yte

dependent,

typically 10 pg/L

other

COD EPA 410.4 using NAb NAb 50 mg/L
Hath system program 46

Conductivity EPA 120.1 5 I0

_h usus (19s6) .Ab .Ab

pH _P_ 1_o2 1 s
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Tsble Ii-1. llunmaFy of Methods and Accuracy, PreeAeAen, and Do_oe_AonoLAu_
Ob:j ee_Avos (oontAaued)

_-.... ................ ............... ..... _ ^aaur._y, _er._i.io,, ...........D,t.ctio, .......
Parameter Method t Bias RgD a Limit|

_. -_- _] _j _L !1!111 IInrn)fl j ..... _ -"- ____ I IIII _ .............. [ I [_IL -_- I ..... I _ -- _ )El _ 8lllllrlrmrl

Temperature SM 212 NAb NAb

TOC SH 505 15 15 10 nq/L

(combustion, ooulometric
titration)

TD8 EPA 160.1 NAb NAb 10 mg/L

TSS _e^ 160.2 .^b .#

^e EPA 260.2 20 20 5 Hg/L

Se EPA 270.2 20 20 5 pg/L

Hq EPA 245.1 20 20 0.5 pq/L

B, Ba, Ca, Cd, Cr, CU, EP^ 200.? 20 20 0.01 mg/L
Fe, Li, HO, Ni, V, Zn

AI _I)A 200.7 20 20 0.03 mg/L

K EPA 200.7 20 20 5 mq/L

Pig, Pin EPA 200.7 20 20 0.005 mq/L

Ha EPA 200.? 20 20 0.5 mg/L

Pb EPA 200.7 20 20 0.05 mq/L

._ II __ ]lll _____ _ l II l i i i l --- _. II, _ _,III'[IIIU!I!LI I l II l !l I __. - I IIII -- UIIlI!l I I l I I II lIllll I

' RSD = Relative Standard Deviation (or coefficient of variation = 8/m x 100,
where sle the standard deviation and m is the mean

b NA u Not available

o Includes acid extractable8, base/neutral extractables, heterocycllcs, and

PNA8

References, EPA analyses (U.S. EPA 1983), SM analyses (AWWA 1985), CLP methods
(U.S. EPA 1905), USGS method (Wood 1976), Alpkem method (Alpkem 1987)
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Table t-:1. gsnpling Const£tuont_a, Volunee Required, ConteJ.nerl, preservation
Toehn£queJ, end llolding Tines a

........._-i .... _ Vole, .............. _.......... - " '_ -......... _ '
Required, contalner Holding

Constituents _r_ Required Preservation Techniques Time

i,._±:j is, __ _- . _ i,,.,,., ...... --_ -.---:u_ ,,,f . __ --- , , ..... .... : : i ........ , _= , i ..................

PhenolicS 100 glass Unfiltered, add 0.1 g 28 days

CuSO4. Add 1=4 H3PO4
to pR less than 2.
Cool to 4'0.

NR_, TOC, COD, 500 Polyethylene Unfiltered, add IslO 28 days
NO" plus Re =" If=SO4 to pH less than 2.

Cool to 4'C.

Metall, 1000 Polyethylene Filter on site. Add ltl 6 months

thiooyanate b HNO3 to pH less than 2.
Cool to 40C.

Sulfate, TDS, Br" 500 Polyethylene Filter on site, 28 days

Cl', HCO_, CO_" Cool to 4"C.

Sulfide 1000 Polyethylene Unfiltered. Add 10 mL 7 days
0.1 N Zinc acetate and

10 N NaOH to pH greater
than 9. Cool to 4'C.

Cyanide I000 Polyethylene Unfiltered. Add 0.6 g 14 days
ascorbic acid. Add 10

N NaOH to pH greater than
12. Cool to 4"C.

Semivolatile I000 Amber glass Unfiltered. Cool to 4°C. 7 days
organics °

Volatile 80 Two 40-mL Unfiltered. Cool to 4'C. 7 days

organlos a glass vials

TDS i00 Polyethylene Unfiltered. Cool to 40C. 7 days

,,,= , , ,,,, ...... , u,,, _ . - , ,,,, ,,,, _._ ,,, L: -- , . , , :_

• Obtained from U.S. EPA, EPA-600/4-79-020 (1983)

b Obtained from AWWA, _tandard Method| (1985)
o Obtained from U.S. EPA, EPA-600/4-82-029 (1982)
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GRI DISCLAIMER

LEGALNOTICE This report was prepared by Radish Corporation as an account of
work sponsored by tha Gas Research Institute (GRI). Neither G_. members of
GRI, nor any person actln$ on behalf of either:

a. Makes any warranty or representation, express or implled, with respect to
the accuracy, completeness, or usefulness of the information contained in
this report, or that the use of any apparatus, method, or process
dlsciosed in this report may not infrlnse prlvately owned rlshtsj or

b. Assumes any liabillty with respect to the use of, or for damages result-
In& from the use of, any informatlon, apparatus, method, or process
dlsclosed in this report.
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1,0 Zh'TRODUCtZON

The overall objective o! this effort yes to characterise water

samples that vere associated vith the DOE- and 0RZ-sponsored PJ_I UCO teat in

WyominS for orsanic constituents. The test yes scheduled and performd in

1988 and samples vsre submitted to Radian for analysis in Amidst of 1987.

February o! 1988 and September o! 1988.

These water samples vere analysed by Radish uain 80C/HS techniques

to identity sad quantity the orianic constituents found in the modified

Skinner list (Guide to Petroleum Refinery Waste Analyses for Land Pemit

Applications from John Skinner of the Office of Solid Waste) which includes

typical volatile and eeaivolatile petroleum- and coal-derived chemicals, as

yell is selected compounds of environmental concern.

This report contains the results from the analyses performed on

these samples. All sample data and copies of the chain of custodies delivered

vith the samples can be _ound in the tables at the end of this report.

2.0 SAMPLE_DLING AND CONTROL

The Western Research Institute (!41_1)collected all samples.

Samplins kits, vhich included pre-cleaned. QC checked containers, chain of

custody torns and trip blinks were provided by RadiSh. All sample containers

were series 300 obtained from I-Chain Research, Znc., which are cleaned to EPA

protocols and QC analyzed. Samples were esaisned huskers in the field by HI.

All samples in this report are referenced by this field identification number.

From the informatLon 8iven to Radian, the first sample taken on

8/21/87 vasa backiround sample taken before testlnB besan. Samples were

received on tour different occasions. A total of six field samples, plus

appropriate field blanks, trip blanks and matrix spikes, were analysed when

submitted. _hile Radish provided bottles and trlp blanks lot all saaplln8

events, trip blanks and field blanks vere not resubmitted vith the samples in

several of the events. When a trip blank yes not submitted for volatile
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analysis (as noted in Table I), the date from a system blank (delos!sod water)

hu been included to demonstrete lack o! contamination in the 8nL1ytlcel

system. Adequate volume of supie for matrix _piko end matrix spike dupli-

cates was submitted for enalysis with the initial baseline samples and for the

final cleanup sssesment. Adequate sample for a matrix spike only was

submitted for the initial baseline samplinj for samivolstiles.

Upon arrival et Radlan, a11 samples were leased in the Radisn Sample

end Analysis Management Systam. They were us/seed a unique internal

leboratory number tot each sample spiit. All samples were prepared and

analysed within the required holding tlmes.

3.0 ANALYTICALI_OCZDU_S

Tables 1 and 2 list the sem£volstile and volatile organic compounds

that were included in these analyses. As shown £n the footnotes, standards

were not available for several compounds at the time of the analyses. These

compounds were searched for in sample analyses using a computer library .earth

which matches the spectre of othsn_ise unidentified peaks ejiinet the h_S

library of 42,000 compounds. Zf these c_pounds had been tentatively identi-

fied on either the volatile or semivoletile analysis, they would haNe been

quantltated usumln8 a response factor of one.

Samples were analysed for the volatile constituents on the modified

8klnner list and addltlonsl compounds requested by ENSR follovlng S_ 8h6

Method 8240. The voZatiles were quantitatively removed from the sample by an

inert ass purge and trap procedure and then analyzed by OC/MS. A_I samples

were spiked with labeled surrogate compounds before anslysle which are

reported to glve an assessment of recovery.

Adequate sample yes collected from the first s_pling event (beck-

ground samples) to analyse a metrix spike and matrix spike duplicate. A matrix

spike is a split from a field sample spiked with known concentrations o?

reference material_ and taken throuBh the entire analytical process. The

matrix spike allows the laboratory to assess the efficiency of the analytical

C-5



procedure sad c_ indicate possible matrim eftocte. Recoveries of sane of the

analytoJ in the matrix spikes wore hi|her than norml whLch could indicate a

possible bias of ttlulteo however, recoveries for bensene, toluene and xylene,

the major volatile compounds found in the samples, were within normal ranses.

Samples for semivoletile _alysis wore prepared usins SW-8_)Method

3520. This involves a liquid-liquid extraction with methylene chloride. One

extraction is perforned at a pH 8rester than 11 (to recover the base/neutral

_rsction) and a second extraction is performed at a p14 less than 2 (to recover

the acid fraction. As in the volatile analyels, all samples yore spiked wlth

labeled surrosste compounds before preparation which are reported to 8ire an

assesment of recovery. After extraction, the orianic extracts were concen-

trated and analysed for semivolatile constituents tollowin8 SW846 Method 8270,

a OC/_ technique.

Matrix spikes were performed on samples _roa the second and lest

samplins events. Durin8 the time between the two events the standard list of

cospounds required for matrix splkin8 chsaaed in the laboratory, thus results

for these two sets are on separate tables (Table 4 and Table 5). Results tot

all compounds with the exception of dinltrotoluene were within normal labora-

tory limits. Dinitrotoluene was not detected in any o! the samples.

Xn both the volatile and sealvolatile analyses, the instrument

systems were calibrated end checked co be withln the specifications of the

method before the analyses were run. Tunln8 criteria, calibration check

compounds and syscen performance checks were all within the limits defined in

Methods 8240 and 8270.

Zn addition to the senivolatile analysis, the extracts prepared for

this procedure were screened for the presence of 2.3,7,8-TCDD(tetrachlorodt-

benao-P-dioxin) accordin8 to the procedure in EPA Method 625. This involves

concentratin8 the extract to 0.2 mL and runnin8 it on the sane OC/MS as used

for the semivolatile analysis, only under isotherual conditions and scannin8

only the ions characteristic to 2,3,7,8-TCDD. The poesible presence of

C-6
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t ............

2,3,7,8-TCDD vouid be LndLoaced it all three ions exhibit simultaneous peaks

ac any point. None o! the samples save any indication of 2,3.7,8-TCDD.

4.0 RZSULTS AND DIB_SSION

Heather the initial backsround samples nor the final samples (posc

treacunt and rinein8) had maaurable quantities of any o! the constituents o!

interest. Samples oaken durin8 the demonstration contained benzene, toluene,

echylbenzene, Zylene, cresols, phenols and polyaromacic hydrocarbons. Samples

cakes at the Bee shack on 2/3/88 had the hi_hesc concencracions of contami-

nant S.
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TABLE 3. VOLATILE ANALYSIS MATRIX SPIKE RECOVERY
8/21/87 SAMPLING

I I I II il II I II II II I

(44515) (44516)
i i i |

Votm.t_ 0_m_ m40)

_a_nl_r'Ll.e 216 214
_zT_oit:r_ 195 2o8

109 1D
139 1_

_ Oaul_Wm 160 154

_orobml4_ 73 79
87 93

(blomecl'mn 162 1.50
aLl,amfom i19 11.5

1°2"C'_'mud_t 90 106

i_cblm_oz_jcimm 70 68
101_ 142 141
1o_'0_ 113 115

tnme-1._ 129 1.10

I.2.,_lld_m'qnpm_ 118 120

204 211
bskns.bmm 72 70
_ ,r._ _ _ _7

1,1,2,_ 90 103
63 72

Tolls 89 93
73 80

1.1,I_ 96 10_
1,1,_rr'l_'_'_Jm_ 122 128

81 89
88 9O

viwl _ 132 12_
e._u_amm m m

60 73

__ I rll I I I I 11 '1 I I I I
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TABLE 4. SEMIVOLATILE ANALYSIS MATRIX SPIKE RECOVERY FOR EMW9

8/21/87 SAMPLING
IIIIIII I IIIIII III I III I Jill I I III I II IIII II II IIII _ II I -_ "

COMPOUND Z RECOVERY

Acenaphth•lene 91
Aceuaphthene 77
4-Anlnobiphenyl 73
Aniline 56
Anthracene 88
Benz(e) anthracene 88
Benzo(a) pyreue 93
Ben zo (b) f luor •n thene 101
Benzo( S ,h, i) perylene 66
Beuzo(k) f luor an thene 99
Beuzyl alcohol 78
b i s (2-Chlor oe cbozy)me thane 88
bis (2-Chloroe thyl)e ther 86
bis (2-ch Iorois pro pyl ) • ther 7 3
bis (2-e thylhexyl)phthal•te 84
4-Bromophenyl phenyl ether 85
butyl benzyl phthal•te 89
p-Chloroan£llne 80
p-Chloro-m-cr esol 84
2-Chlorouaphthalene 97
2-Chlorophenol 82
4-Chlorophenyl phenyl ether 99
Chrysene 92
o-Cresol 77
m/p-Cresol 7.5
Dibenzofuram 94
Diben zo(a ,h )an thr •cene 90
1,2-Dichlorobenzene 73
1,3-Dich lorobenzeue 67
1, &-Dich lcrobe nzene 75
3,3 '-D ich lorobe_ zid Sue 84
2,4-Dich lot ophenol 83
2,6-D ich loro pheno I 82
Diethylphth•l•te 75
p-Dime thy 1-- inoa zoben zene 78
12-D ime thy lben z( • ) an chr acene 46
3,3' Dime tbyl benzid ine 45
2,4-Dime thy lpheuol 76
Dime chylphthalate 54
l ,A-Diuitrobenzene 92
4,6-Dinitro-o-cre•ol 103
2,4-Diuitrophenol 84

(ConC:l.nued)
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T.AJ_LE4. (Continued)
II IllJ ............................ I II III illmn_l , iL i I ..... I ]1 _11

COMPOUND Z RECOVERY
mlmmamlmmm mD m mwmm4mamamammmmmmDmmm, am_mm ammm_amm, amam mm.am,mammmm.amem_mammm._ _ __m_ _ __ _ _ _,mw_mm

2,6-Dinitrotoluene 103
2,0-Dinit rot oluen$ 90
Di-u-butylphthalate 94
Di-u-octylphtha late 84
Fluoranthene 98
Fluorene 117
Hexacb lorobenzene 92
Hexsch lorobutsdiene I00
Hexach lorocyc lopent ediece 27
ltexmch loroe thane 71

itexec h loropro peue 82
Tndeno(l ,2,3-c ,d)pyrene 85
!sossfrole 96

3-Me thy l cho 1an tbrene 86
&,4Me thyleneblm (2-chloroaniline) 87
Netbyl mthzuemul forumte 41
2-Me t hy lnepht he 1• ne 66
Napbthelene 85
l-Naphthylamine 60
2-Naphthylsmine 47
2-Sit roaniline 92
3-Nit roanillne 92
4-Nit roaniline 84
Nitrobenzene 82
2-1(it ro phenol 85
4-Nit rophenol 81
N-Nitro sod i-n-bu t y famine 91
N-N ittom od ie thy 1amine 85
N-Nitro sodime thy lamine 70
N-I_itros od £pheny 1mine 96
N-Nit ro some th> le thylnine 82
N-N it ros omorpho 1 ine 84
S-Sitrosopiperidi_e 83
N-I_it rosopyr ro I idene 82
Pentachlorobenzene 99
Pent schloronit robenzene 101
Pentach lorophenol 140
Phenacet in 81
Phenan threne 92
Phenol 79
2-Picoline 67
Pronmide 144

qmmmmmmmmo mmamtmmbmm tm_mmmmtmgmmmmmmqtmtmlm_m_ _ mumm_ _ _ m_mm_ m _ mm_ mm _ m m |_ m m mmmJ_mmmmmmmmqmmm

(Continued)
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TABLE 4. (Cont:£nued)
i ....... IFI I I ..... IllmlllllllL _ ..... I ILIII__ II IIII I I I Illl.. II

COMPOUMD % R_.COV_IY
mm m mm mmmmmmmlemm mmmam mm am mmm mm am m_ m m m_ m mm mm mm_im mbmm _mmm Immm mm um m mgmmm ml,m m it qmmselm (mm m mmm* m m mamsm we mmmmm m(mm usmm N_mmsms mlmm

P),rene 98
Pyr idiue 43
Safrole 91
1,2,4,5-Te t rach lorobeuzeuo 100
2,3,4,6-Te tr mchloropbeno I 93
1,2,4-Tr ich 1orobenzene 98
2,4 m5-Tr ichlorophenol 107
2,4,6-Tr ichlorophenol 82
tlnnnnnl Immil It II Innliinnnll " .... In Iun nun In i - iL Ill 1 I ....

SURROGATERECOVERIES

2- F$uorophenol 104

Phenol-d S 103
Nitrobon_ene 95
2-Fluorobiphenyl 111
2,4,6-Tribromophenol 128

Terphenyl-dl4 77
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TABLE 5. SEMIVOLATILE ANALYSIS MATRIX SPIKE RECOVERIES FOR
9/22 SAMPLING (SAMPLE POINT #4)

""_.......... ' _ ..... " ..... "" ...."' "_Esu_s r_z ....................
COMPOUND MS MSD

q,,,s_m w

Acena, _ thene 81 79
p-Chlorowa--cre| ol 48 43
2-Chlorophenol 76 80
1.4-Dichi orobenz ene 67 75
Di-n-propy ln!t rosaumine 61 62
2.4-Dinit rotoluene 274QC 30QC
4-Nit rophenol 3,4 2.9
Pent achl oro phenol 59 62
Phenol 41 53

1.2.4-Tr ichl orobe nzene 85 84

.m _ e,. ,,,. ms ,m _ _...,. i,, ,_ ,_ ,m I...s...* ,m _, _, g.. ,m _ _ ,m Q,_ .,_ _,, am _,..m w, =,. _ wb _ .,,. 9..

SURROGATE RECOVERIES (RESULTS IN Z RECOVERY)

2-¥1uorophenol 90 I01
Phenol-d5 53 55
Nit robe niene--d 5 75 79
2-Fluorobiphen_l 128 121
2,4,6-TrIbromophenol 33 28

Terphenyl-dl4 121 114
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CHAIN OF CUSTOD¥
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DISCLAIMER

LEGAL NOTICE: This report was prepared by ENSR Consulting and Engineering as an
account of work sponsored by the Gas Research Institute (GRI). Neither GRI, members of GRI,
nor any person on behalf of either:.

a. Makes any warranty or representation, expressed or implied, with respect to the
accuracy, completeness, or usefulness of the information contained inthis report,
or that the use of any apparatus, method, or process disclosed in this report may
not infringe privately owned rights; or

b. Assumes any liability with respect to the use of, or for damages resulting from the
use of, any information, apparatus, method, or process disclosed in this report.
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1.0 INTRODUCTION

This report describes a sedes of aquatic toxicitytests conducted by ENSR Consultingand
Engineering's Fort Collins EnvironmentalToxicology Laboratory (FCETL) on several water
samples collected in conjunction with an underground coal gasification research project
sponsoredby the Gas Research Institute. Acute toxicitytests were conductedaccordingto
USEPA (1985a) guidelines using fathead minnows (Ptmephale$ promela$) and water fleas
(Ceriodaphnia dubia), in addition,chronictoxicitytests (USEPA 1985b) were conductedusing
Ceriodaphnia only. Allstudydata aremaintainedinthe FCETL archives,whichcan beaccessed
throughENSR's officeat 1716 Heath Parkway,Fort Collins,Colorado.

|ii IIII II I II iiiii I II IIIII__ I I
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: 2.0 MATERIALS AND METHODS

2.1 Test Waters

All testwaterswere delivered, packed on Ice,to the FCETLby Western Research Institute(WRI)
personnel. Results in this report are referred to by FCETL sample number; the WRI well
identificationand corresponding FCETL sample numbers are presented in Table 2-i. initleJ
chemicalcharacterizationof the samples at the FCETL is giveninTable 2-2. It was notedin the
FCETL testsubstancelog that sample numbers 492 and 493 had a distinctodor of hydrogen
sulfide.

2.2 Dilution Water

Dilutionwater for all tests was moderately hard reconstitutedwater prepared accordingto
USEPA (1985a) guidelines. This reconstitutedwater is generally characterized by USEPA as

havinghardnessof 80 to 100 mg/L (as CaCO_), aJkaJinttyof 60 to 70 mg/L (as CaCO_), andpH
of 7.4 to 7.8. Chemistryofthe dilutionwater measuredduringtesting was comparableto these
values,althoughpH tended to be 8.0 to 8.4.

2.3 Test Organisms

All Ceriodaphnta dubla were obtainedfrom the FCETL in.house cultures. On the day pdorto
test initiation,gravtdfemales were isolatedin dilutionwaterat test temperature, On the day of
test initiation<24.hour old neonates were collectedfor use in the toxicitytests.

Fatheadminnowswere obtainedfrom commercialsuppliers(AquaticBloSystems, Fort Collins,
Colorado, and Florida Bioassay Supply, Galnesville, Florida). All fathead minnows were
<24 hoursold and appeared to be in good physicalconditionat the initiationof the tests.

2.4 Acute Test Methods

Theacutetestswere conductedaccordingto USEPA(1985a) guidelinesunderstaticconditions.
During1987/88tests, Cerlodaphnia dubla weretested In300-ml crystalliza_ondishescontalnlng
200 ml of test solution;during 1990, Ceriodephnla dubia were tested in 30-ml plastic cups
contaJnlngIS ml of test solution. The test durationfor all Ceriodaphnia dubia acutetestswas
48 hours.

.... iii _ -- iiiii __ - -- __ _ i ii iiii ii i __ Illlll II II
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Table 2-1

Sample identification for Underground Coal Gasification Waters

i_ i[___ Ill - f H i m _j lllll : ............. i,ll i i ........ nil.HI, HII --

Golle_:tlon WRI Well Identifloatlon.
FCETL Sample # Dmte Reaeipt Date Time Period

248 08/21/87 08/21187 EMW 9 - Pre-Burn

259 11/04/87 11/04/87 EMW 9 • Pre-Burn

492 0910(5188 09/07/88 CF:rW1. 1lit Restoration

4_ 09/06/88 09/07/B8 VeW1- 1stRestoration

530 09/21/89 09/22./08 TWT (Treated) . 1st Restorahon

1702 09/09190 09/10/90 V_I

1703 09109190 09110190 EMW 9

8

D-8



Table 2.2

Initial Chemical Charactorlzation of Underground Coal Gasification Waters'

II I ilil --- _11- I ]TT7 - -- I Iil ...... :_ III i!lr i ill ilnllllllll II!llilll ........ __ - ...... I II IIIII

llkillnlty Hirdniu ConduoUvity

Sample # (mg/L i_ CICO_) (mg!L is CIC01) (/#nhos/am)Iaft --_ ..........J I IIIII_I=- I :L IIIIIII ! T UL IIIII :_ .... 11 rlill IIIIII I I Iii _ 11

248 780 33 i ,650

259 783 30 2,100

492 780 82 3,160

493 8i5 232 3,460

536 681 1O0 3,420

1702 484 920 4,200

1703 568 560 3,200
i lUllmlUl _ --- I II ....... ilill ............. L Illilll III .......... _ --- -- I III _"

'Chemscal c_aracterlzationconducted at the FCETL

9
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Fathead minnows were tested in I-L beakers con_nlng elther 500 ml (1987/88) or 250 ml
(1990) of test solutionunder stattorenewal test conditions. Test solutionswere renewedon a
dailybasis usingfreshly prepared dilutionsof the tnltildsamples; test durationwu 96 houri.

In all acutetests, the test organismswere exposedto 0.26, i2.6, 26, 50, and 100 percenttest
water(v:v,test water,dilutionwater). A dilutionwater control was =Joetested concurrently,For
1987/88 studies (both speotes), ten test organisms were randomly distributedto uoh toot
chamberand two replicateswere tested per treatment, For 1990 Ceriodaphnta dubla tests,five

organismswere randomlydlstdbutedto each of fourreplicatechambers pertreatment;for 1990
fathead minnowtests, ten organisms were randomlydistributedto each of four replicatesper
treatment. CertodJphnle dub/a were notfed dudngthe test. Fathead minnowswere fed 0,1 ml
of newlyhatchedbrineshdmp nauplllonce dally duringtesting, Allacute testswere conducted
at 20°C under fluorescentlightingwith a photopertodof 16 hours light and 8 hoursdad(,

Inadditionto theundergroundcoal gasificationwater tests, referencetoxicanttests, usingetther

sodium dodecylsulfate (1987/88) or sodium ohlodde (1990), were conducted as appropriate
according to USEPA (1985a) guidelines. Acute (24 hour) reference toxicant tests were
conductedmonthlywithorganisms fromthe FC_L In.houseCerlodaphn/e dub/a culture, Each
lot offishob_ned from a commercialsuppllerwas alsotestedto determinethesensltivltynmge

of the test organisms,

2.5 Chronl©Test Methods

ChronicCerlodaphn/s (_ub/e survivaland reproduction tests were conducted accordingto
USEPA (1985b; Method 1002.0) methods. Each sample was tested at the fiveconcentrations

usedforacute testingplus a diluUonwater control. Test chambers were 30-ml plasticbeakers
each containing 15 ml of test solution. One Ceriod_ohnla dubla neonate was placed In each
test chamber and 10 replicateswere tested per concentration. Test solutions were renewed
daily usingfreshly-prepareddilutionsof the odgtnalsample, Each chamber was fed 0.1 ml of
an Incubatedmixture of yeast, trout chow, and ground alfalfa leaves and 0,1 ml of an algal
suspensiondally (Note: Cer/odaphnts dub/s in the (:hronicstudywith sample #248 received
no algalsupplement), Testingwas conductedat 25=C under a 16h:Shlight:darkphotoperlod,
Test durationwas generally7 days, althoughtests may have boon terminatedeadJeror later,
dependingon the time requiredfor productionof three broods by at least 60 percentof the
controlorganisms.

L : ........... :..... iii i - -- -- i ii ii i i ii i H i -- --
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2.e Date Analysis

2.5.1 Acute Tests

Acute test results are expressed u the L.Cw conoenVaion, that oonoentr_on estimst_l to
cause SOpercentmortalityof the test orgamtimsin the specified time period. The LCmvaluel
andtheir95 p_rgantconfidence limitswerecalculated,where possible, using an IBM oompatlb!e
personal computer and USEPA (19Us) software whi¢h uses moving average, problt, grad
blnomlsJproba_:)iiitymethods. The specific method selected for reportingthe test reiu_ wu
determinedby the oh_a(:teristl_ of the data (Stephan 1977),

2.e.2 Chronic Tests

Chronic test resultswere analyzed using e pointestimatemethod to ¢aJculatsthe ICx value, thal
concentration that reduced organism performance by 25 percent relative to the control,
Methods forcalaulatlngtho IC. wero as dolcribed by USEPA (1989),

_ -- ii _. iiii L _ -- iiiii IIII I .... IIIII !111111I_ _ -- ._ - _ -- __ INIHII_ _:: _:__Ull_r _ _ _- _
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3,0 RESULT8

3.i Toxl©lty Results

3.1,1 8ample #248 (EMW9 - Pre.Bum)

L.G,ovalues for both Cer/odMhnia dubla and fathoad minnowswore gromor than 100 percent
test matert_, incllomlngnegltg!lbloaQ_e toxicityfor the EMWg-Pre-Burnsample (Table 3.1),
Survtval wu somewhat reduced among Cor/odKohn/a dub/e exposed to 100 percent tNt
material (_ percentsurvivalin the 100 psraenttreatmentgroup); however, this effectwu not
sufflotontto influencethe LC_ vsJuo,

The EMW-Pre-Burndid OlUte chronic toxicityto Cerlodaphn/a dub/a, with both lurvtvldand
reproduction being advomoly offooted. Performance was, in fact, reduced by more ',hart
25 percent Inthe lowestconcentrationtreatment group, providingonlyart estimated ICeswJue
of <6.25 percent test material.

3.1.3 8aspic #269 (EMW9 - Pre-Bum)

Fatheadminnowacutetestswore not oo,,...tuatodwiththissample, Controlmortalitydudngthe

Cerlodaphn/s dub/a acute test oxoeode.,_the protocol.proscribed limit of !0 percent, thereby
placing into questionthe quality of the teat results, However, given that no mortalitywu
observedamong testorganismsexposedto 100 percentEMWg-Pro.0urntestwater, thesample
was apparentlynot acutelytoxic (Table 3.2).

Poor reprodu_lvo performanceWall observed in all chronic Csr/od_hn/a dub/a treatment
groups; average controlroprodu_lon (7,3) wu below the protocol-proscribedminimum of 15
young par female, Nevertheless,survivaland reproductiondid show a deoreulng trendwith
Increasingtest concentration,An ICa vaJuoof 14,2 percentwu calculated, althoughthisviduo
should be quaJlf!odbecauseof the sub-st_dard control performance,

=1.1.3 8ample #492 (CPWl - lit Restoration)

Significantmortalitywu observed among Corlodaphnla dubla and fathold minnows oxpolod
to the CF_NI.lst Restorationcavitywater sample. LOs valueswere 28,7 and 17.7 percenttNt

material, respe_ively, for thesetwo test species (Table 3-3).

__ iiii .... :_ ___ [lllllll_._. Ill .... I _ II1[11 -- Illl IIIII I -- . %1111[ - Z--_- _ _ --- _.... IIIII [[111] --
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Table 3.1

Toxlotty Test Results for 8ample #248 (EMWO - Pre-Burn)

.L _" __, [ --- IIIIII Illl![I I I ........ -- i i ....... I - J_ "_ ._ ........ 11111 I

., |W_Vel (%) In AeuteTeSta OerlodephnlJ ChronloTest ReeuPJ............. _ ........... i _ ..... [__ -- _ ii ...... ...................... I T!_ ..__ ii!

Oer/_ep/mle I'sthud minnow I_un Youngpw
Coneen_itlen (&Oh) (OOh) eur_lval Female

_ Ilrlll ,_J I " "?................. I I IIII ............. . "-I ill T] ............. L_ -- 111 J - Ij_l IIII1[ . _1

Control 1O0 g6 O0 16.0

0.2S% 100 100 gO g.1

12.5% O0 1O0 gO 0,9

26% ;)6 100 80 4,2

60% 96 100 30 0

lo0% as ioo 0 0
___ I i ._ ............... ii,l,ml,_l ijitt ti! _ i its i rlln __ .... .j -- _1 tit ................

t.(:. :.100' :_100' Ir_, <e.ss'

* Byinspection
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Table 3-2

Toxlolty Test Results for 8ample #259 (EMW9 - Pre-Burn)

" .... __Z '_' "--_ ___ ___ i,II -- -- -- Ill I I [ [ Ilill L ..... _ -- j__ -- _ " ]]. I]1!! .... I "_" L -- __ - --

turvtvti (%)in Aouto T, eto cerlO_ll_aal.Chronl_ Tells Rellulti'1-- _ --_ _ --- l_Z -- IIIIII _lLJ .... IJl _ I]][ II I .... Illl

Oerlodaphnla Pithead minnow Moan Younl_Per
Conoenttlttlon (41th) (9eh) lurvl¥iI Porrlelo

Control 30 NA_ 90 7,3

e,2s% loo NA 100 e.8

12.5% 1O0 NA !00' 7',7

25% 100 NA 100 4.;!

50% 100 NA 40 01

100% 100 NA 10 0

L.¢u > 100 NA !O. _ 14.1

o ReprodUOllOnWill I:)IloW the rninimum proto¢ol.prea_ribod quality criterion (15 yourlg per
femato),
DNA • Not al:plic,tbll: no fathead minnow test Will conducted with Shilltest material.
' One orgsnillm wall Inlldvortentlykilled in thill treatment clue to a tt=hnloian error.

14
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Table 3-3

Toxicity Test Results for Sample #492 (CPW1 - 1st Restoration)

i i i i ii

Survival (%) in Acute Teats Cerlodaphnta Chronic Test Results
i i i i iml -- -- i

Certodephnla Fathead minnow Mean Young per
Concen_atJon (48h) (96h) Survival Ferrmle

i ll,i,

Control 1O0 1O0 90 15.0'

6.25% 100 i00 100 16.2_

12.5% 95 1O0 90 14.5¢

25% 80 0 90 12.7=

50% 0 0 0 0

100% 0 0 0 0
ii i

LC_ 28.7 17.7 IC. 25.3
ll| ii

' Two male test organisms were observed in this treatment: these individuals were excluded

from the average reprocluction calculation (i.e., n=8),
=One male test organism was observed in this treatment; this inclividual was excluded from the

average reproduction calculation (i,e., n=9).
=Four male test organisms were observed in this treatment: thele inclNiduals were excluded
from the average reprocluctlon calculation (i.e., n=6),

15
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Although total young production during the CPW1 exposureappeared to be below quality
control limits, numerous male test organisms were observed among the treatment groups.

While male testorganismsare used indeterminingtreatmentgroupmortalityrates, onlyfemale
test organisms are included in the calculation of average young production. Calculating
reproductiveperformancebased on sample sizesadjustedto includeonlyfemales indicatedthat
the test results for this study were of acceptable quality (control reproduction was 15

young/female). The CPW1 test matedal was chronicallytoxicto Ceriodaphnia dubia; the IC==
value for the sample was 25.3 percenttest material.

3.1.4 Sample #493 (VIW1 - 1st Restoration)

Acute toxicityof the VlWl-lst Restorationsample was observedamong both fathead minnows

and Ceriodaphnia dubia. LC_ovalues for these two species were 85.6 and 35.4 percenttest
material, respectively (Table 3-4). Fathead minnows appeared to be more sensitive to the
exposure.

Similar to the CPW1 study, numerous male test organisms were observed in the VlWl
Ceriodaphnia dubta chronictest. Inthisstudy, however,averagecontrolreproduction(13.3) fell
below the minimum required 15 young per female. Still, a marked decrease in survivaland
reproductionwas observed in the 100 percenttest matedaltreatment,and the calculated IC=
value of 55.5 percenttest matedalshould generally reflectthe chronictoxicity of the sample.

3.1.5 Sample #536 (TWT [treated] - let Restoration)

TestswithTWT treatedwater indicatedno acutetoxicityto eitherCeriodaphn/a dubla orfathead
minnows(LCr_values > 100 percenttest material, 100 percentsurvivalin all treatment groups)
(Table 3-5).

Despitethe lack of acutetoxicity,thissample did show some chronictoxicityto Ceriodaphnla
dubia. The ICzsvalue for the TWT sample was 62.8 percenttestmaterial.

3.1.6 Sample #1702 (VIW.1)

TestswiththeVIW-1watersample indicatedno acutetoxicityto Ceriodephnia dubia and fathead
minnows(LC_ovalues > 1O0percenttestmatedal, >92.5 percentsurvivalinall treatmentgroups)
(Table3-s).

Control reproduction in the Cerlodaphnia dubla chronic test (14.1) was slightlybelow the
protocol-prescribedminimumof 15 young per female. The test results,though potentially



Table 3-4

Toxicity Test Results for Sample #493 (VIW1 - 1st Restoration)

i i ii i iii " iiiii i i i i i i i ii i i i ii i __

Survival (%) in Acute Tests Cerlodaphnla Chronic Test Reaulm

Cerlodiphnla Flthoad minnow Mean Young per
Con©enU'etlon (48h) (96h) Survival Female'

ionl,nl -- i - n i I I ii i - , ,ll ii i ,, __

Control I O0 i O0 I O0 13.3 b

6.25% 100 100 60 15,2 °

12,5% 100 100 100 13,0g

25% 100 1O0 1O0 17,0a

50% 1(30 0 80 12,4"

100% 30' 0 20 0
i m ii i i Hill i i ,,.,=, i ll,|,l __

LC= 86.6 35.4 IC. 55.5
, -- -- i, ,ini.H n n| i ,i .. H

• ReproductJon was below tlne minimum protocol.prescnbea quality cnterlon (15 young per
female).

Four male test organisms were observed in this treatment: these indNiduals were excluded
from the average reprocluctJon caiculatJon (i,e., n-6).
cSix male test organisms were observed inthis treatment: these inclJviduals were excluded from
the average reproduction cak:ulatJon (i,e., n=4),

Three male test organisms were observed Jnthis treatment: these JndNJduals were excluded
from the average reproduction calculation (i,e,, n=7),
• One male test organism was observed in this treatment; this individual was excluded from the
average reproduction calculation (i,e., n=9),
' One organism in this treatment could not be found on Day 2 of testing and was presumed to
have died.

17
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Table 3-5

Toxicity Test Results for Sample #536 (TWT [treated] - 1st Restoration)

i,,.i ,,,i i i ii , im ,,i.iii ii _ .i i ,i.ll i i

Survival (%) In Acute Tests Cerlodaphnla Chronic Test Results
_ -- i -- l iH i l lll, _ --

Cerlodaphnla Fathud minnow Mean Young per
Concentration (48h) (96h) Survival Female

, i.,,,H H| i ii , H i,, i i _ H ll,,,.. H i

Control 100 100 100 17.2

6,25% 100 100 100 22.5

12,5% 100 100 100 22.7

25% 100 100 100 24.3

50% 100 100 1O0 23,8*

100% 1O0 1O0 80 O.5
,, , i _ i.a.i i , H i N ,.,,, , i..,,. _ ,=

LC_ > 100 > 100 IC. 62.8
,, i _ - i,li, i i ,, ii i ,ll i,

• One male testorganism was ok)servedin thistreatment; this Incliviclualwas excludedfrom the
average reproQluctioncalculation (i.e., n=9),



Table 3-6

Toxicity Teat Results for Sample #1702 (VIW-1)

111111 III IIII I I - aiD IIII I IIII II I I HIIII I illili i i I ii i,11,,1111__

Survival (%) In Acute Teete Ceriodaphnle Chronic Tell Results
I I IMI -- IIII I II , I , H ,ml I,I I I

Cerlodaphnla Pithead minnow Mean Young per
Concentrltlon (48h) (96h) Survival Female

__ III -- II Iii i III III iii I I El III IIIIIII I III II ii,lm_ I - III I II

Control 100 100 90 14,1

6.25% 100' 97.5 90 12.1

12.5% 100 97.5 90 16.4

25% 100 95 100 25.6

50% 95 97.5 100 21.6

100% 95 92.5 90 14,0
11111 lall ii i iil|ll i i 11 iii11ii iiiiiii ii |1111 i I II IIII i I IIIII-

LCm > 100 >100 iC_, >100
,,,i|i,, , ii iii ii -- -- -- i i iii iiiiii ir i iii ii iiiii iii I II

' One organism in this treatment could not be founcl on Day 1 of testing (1st observatJon), It
was assumed that only four organisms were added to the test chamber at test in_atlon,

19
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qualified for poor controlperformance,indicatedno chronictoxicityof the test material (l,e., no
measurable effect on reproductionin the test material treatmentgroups relativeto that in the

control group). The IC_ valuewas > 100 percent, giventhat performancewas not reduced by
2.5percent or more In any treatmentgroup.

3.1.7 Sample #1703 (EMW-9)

Tests conducted wilh the EMW-9 water sample indicated negligible acute toxicity to either
Ceriodaphnia dubla or fatheadminnows (LCsovalues > _O0percenttest material, >95 percent
survivaltn all treatment ,_oup$) (Table 3-7).

Chronictoxicitywas observedamong Cetiodaphnia dubia exposedto the EMW.9 testmaterial.
The IC_ value calculatedfor thisstudywas 16.5 percenttest material.

3,1.8 Reference Toxicant Testing

Resultsof reference toxicanttests conducted concurrentlywith the present testing program
indicate (1) that the test organisms were of acceptable sensitivityand (2) that laboratory
performancewas satisfactoryand consistent. These resultsate summarized in Table 3-8.

3.2 Chemical/Physical Monitoring

Throughout all tests, water quality parameters generally remained within acceptable levels
(Test Data). With oneexception,temperaturewas maintained at 20:1:1and 25 ± 1 oC Inthe

acute and chronicstudies, respectively. The acute Ceriodaphnia dubia studywith the EMWg
Pre Burnsample, #259 (11/04/87), was conducted at 25°C, ratherthan at 20oC. MeasuredpH
values in all test treatmentsranged from 6.8 to 9.2, and dissolvedoxygenwas maintained at
z 40% of saturation. Test samples and/or chambers were aerated as required to maintain
acceptable dissolvedoxygenconcentrations(see Test Data for informationon any aeration
performedduringspecifictests).

20 _ ,m
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Table 3-7

Toxicity Test Results for Sample #1703 (EMW-9)

:, .......... , m,,1 nl ,,, m ,l,r ,r ..... lifllll I -- --- : ............ Imll lllfllall _ l i [1

lturvivll (%) in Aoute Teats Cerlodaphnla Chroni(: Teat Results
l ........... I I i + I _= I ....... r,l I .... ir IIII + ]r = _ii

Clrlodaphnla Fathead minnow Mum Young pw
Conoontrltion (48h) (O6h) Survival FOmllle

....... ii , illN i ,lllllli Ill I IIIIII Ir ]If ...... II 1111III[] 1111 II + -- -- IIII I III I I I III ImUl I-- --

Control 1O0 07,5 100 22.5

6,25% 100 100 80 16.8

12.5% 1O01 1130 go 20,4

25% 100 100 80 13,8

50% 1O0 1O0 80 10,2

100% 1O0 95 20 0
,i, , , , , ,,. _ I -- i. I I I IH ...................... i i m l

LC_o >100 >100 ..... IC. 16,5
-- iiiii i ii I ,lilt, _ 11111 I I [I I I, 1111 1 .......... iiiiii

* None of the organisms in one replicate for this treatment could be foundon Day i oftesting
(let observation), It was assumed that no organisms were acldeclto the test chamber at test
inrtlstion.

21

D-21



Table 3.8

Results of Reference Toxicant Tests Conducted Concurrently
with Underground Coal Gasification Water Testing

IIIII lille - IIIII I I I IIIII I_ I II iiii ..... _ f0,,,im/ll. ,, I IIIII [ I III IIIIIII I II

Reference 24.Hour LCm AP._oplableRange
Tell SpeoJu Toot Date Toxicant (rag/L) (mg/L)

_ -- IIIIII I I II I -- illlJUl, i IIIIII III ,, , .,,, ,,, ,.,11 I - 1.1,1 ,|,|,., __

Cerlodaphnla duble 08/87 SDS' 3,1 2,1 . 7,5

11/87 SDS 11,7 0,8 - 15,1

09188 SD$ g.2 3,7.18.9

09/90 NaCI° 1280 1109 - 1932

Falhoad Minnow 08/21/87 SDS 3,8 0.9 - 6.9

09/07/88 $DS 3,5 2.4 • 7,2

09122/88 _DS 3.8 2.4 - 6,7

09/10/90 NaCI 5833 4080 • 7574
i imlllll ___ I i iiiiiiii iiiii i iii i ............ i i ii ii i ii 1i I i I I

'SDS- Sodium Oodecyl Sulfate,
_NaCI- Sodium Chloride.
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4.0 SUMMARY AND DISCUSSION

Results of all toxicity tests conducted are summarized In Tabio 4-1, Neither of the pre-bum
samples showed acute toxicity; in contrast, both tho CPWl and VIWI samples collectedIn
September1988wereacutely toxicto bothCeriodephnla andfatheadminnows. Laboratorystaff
made noteof a strongsulfideodor from thesetwo samples, As hydrogen sulfideis reasonably
toxicto aquatic life, It is quite possiblethat sulfidewas the cause of toxiclty. The _ sample
collectedlaterinSeptember1988 was not acutelytoxicto eitherspecies, norwere eithersample
collectedin 1990.

With respectto chronictoxicity,EMW9 showed chronictoxicityto Geriodaphn/a in all samples
pre- and post-burn. The two pre-bum samples in particular had relatively high alkalinity
(760 mg/L as CaC03); althoughthis high alkalinitywould be expectedto cause somechronic
toxicityto Ceriodaphnia, it cannot account for all of the chronictoxicityobserved. Previous
experimentsconducted by ENSR for GRI indicatedthat the threshold for chronic toxicityof
bicarbonateto Ceriodaphnia is about 400 to 500 mg/L as CaCO_.

As part of another research effort sponsored by GRI, ENSR developed a sedes of logistic
regressionequationscalled Salinity/ToxicltyRelationships(STRs). These equationspredictthe
acute toxicityof a solutionto Ceriodephnis dubia, Daphnia magna, and fathead minnowsbased
on its major lon composition(for more informationon the STRs and their dedvatlon,consult
Gulley and Mount 1992). Because several of the presentsamples contained relatlvslyhlgh
concentrationsof severalmajorions, the STRswere usedto predictthe amount of acutetoxiclty
that would be expectedfrom these ions.

Ion concentrationsused for STR calculationsare shown In Table 4-2. Predictionsfor the

August21, 1987 sample from EMW9 corresponded well with the observed toxicity,withlittJe

acutetoxicitypredictedorobserved. Comparingpredictionsforthe September 6, 1988 samples

is confoundedbythe lack of specificionchemistrydata. The availabledata are fora composite
of bothCPWI andVIWI samples from thatday; accordlngly,the exactlon compositionforeach
sample individuallyis not known. Predicted toxicityto Cerlodephn/a was bracketedby the two
observed values, but the predicted LCs0for fsthead minnowswu considerablyhigher than
either of the observed values. This suggests that the acute toxicltyof the CPWI and VIWI
samplescollectedSeptember6, 1988was causedprimarilybysomethlng otherthan majorlons,
possiblesulfideas suggested previously.

23 _ _m
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Table 4.1

Summary of Underground Coal Gasification Water Sample Toxicity Testing Results

-- i]]1 iiii i [I I F II,iil .... I IIIIIIII .......... I __ '-- II _--- IIIL .... ] --- II - _ IIII I IIII _:_-_.

Acute Tests Chronic Testa

ENSFi LCs0in % iC_sin %
II illllll 1 -- :_- ......................... . .... _2L II _L

Sample Sample Certodaphnia Fathead Cerlodaphnla

Number Description (48h) minnow (96h) (3 Brood)... I IIIIIIIII I I I ........ If _ i1,11 j -- I II ...... _ ................. _ --- - -- -- __: ---- _L

248 EMW9. Pre.Burn > 1O0 > 1O0 <6,25

259 EMW9 - Pre.Burn > 1O0 NA 14,2

492 CPW1 - 1st Rest, 28,7 i7,7 25,3

493 ViWi - 1st Rest, 85.6 35,4 55,5

536 TVVT(treated)- 1st
Rest, > i O0 > 1O0 62.8

1702 ViW-1 > 10:) > 1O0 > 1O0

1703 EMW-9 > _O0 > 1O0 16,5
, -- i i ii iiiii i -- -- _ --- _ --- _ I iii i ._ -- -- iii - i III __ -- iiiii I - _
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Table 4.2

Major ion Concentrations (mg/L) and Predioted Toxicity

iiiiIiiiI -- 1 .... IIIII II IIIII I - IIIII --- Jill .......... I ................................................... [ IIIIII --

Sample
Paramotlr _ - ..................... i _-- .......................... _ ---__

EMW9 - 8/21187 OWE' • 9/e/88 TWT - 9/88a
n IlnllllI __ __ ............ _ ..... II -- j inln,ll .... t ................... i i iiil|nnlnnnll ........ _ r,

Sodium 539 800 930

Potassium 6 70 70

Calcium 7 SO 9

Magnesium 4 14 13

Sulfate 370 1,130 1,210

Chloride 12 5t 147

Alkalinity (as HCO3) 926 972= 830
-- -- iiii ....... . ................. - - -- -- _ .... I I I IIiiiii _L ......... _ ....... . " .......

Cerioc/aphnia LC_o Observecl > 100 29/86 > 100
(%) Predicted 99 67 67

-- = ...... u I iii III iii I ..... __. = -- = ._ Jill "= IIIli _ ± -- IIII II _ ml I1[ I[ I I --

Fathead Minnow Obaerv,_ > 100 18/35 > 100

LCso(%) Predicted > 100 80 85
-- -- --- --- __ iiniii __ iii II iii ii I iiiiiii _- __ -- __ - MII IlIlll _ I ........ II _LI I -- . --

'Tho CWE samplingpoint wai a compositeof the CPW1 and VIW1 samplingpoints used for toxtatty
tests,
=TheTWT sample was a compositeof severalsamples collected September 15 to 19, 1988.
3Averageof alkalinityin CPW1 an¢tViWl samples,
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Interestingly,the _ simple showed no aouts toxtoity,oventhough the predictedtoxicitywas
similar to that for the CPW1 and VIW1 samples. The ion oonoentrationdata (exoept for
btoarbonate)were not for that partioularslu_ple, but aotuallyfor a composite sample oolleoted
a few days prior. It ispouible thatthe chemistrydata for the TWT sample is not representative,
although this does not seem terribly likely In that oonduc4tvttyof the TWT sample wu

comparaJ:_leto that of the CPW1 and VIW1 s_unples(Table 2-2). Sulfateand bloarbonatewere
the ions prlmtutlyresponsiblefor the predlotedtoxicityof the I"WT, CPWi, and VIW1 samples,
The leek of toxicity In the TWT s_'nple reinforcesthe previous conclusion that toxicantsother
thanmajor Ionswere likelyresponsibleforthe toxi(:!tyobserved inthe CPW1 andVlWl samples.

__
. i __ - __ -- -- __ iiii -- .......... -- iiiii ilU .. i iii i .......... ii1[ _ -- __ i ii ..... i
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SUMMARY OF FISHERS EXACT TESTS

NUMBER NUMBER SIG

GROUP IDENTI FICATION EXPOSED DEAD (P". 05 )
m

CONTROL 10 2

1 6.25 i0 1

2 12.5 10 i

3 25 I0 2

4 50 I0 7 •

5 100 10 10 *

II Press any key to continue II

D-38



D743-582-001 Ceriodaphnia _ReprOductiOn
File: A:001 Transform: NO TR/_SFORI_TION

Shapiro Wilks test for normality

D = 1875.000

W - 0.974

Critical W (P = 0.05) (n = 40) = 0.940

critical W (P = O.01) (n = 40) = 0.919

Data PASS normality test at P=O.OI level. Continue analysis.

D743-582-001Ceriodaphnia Reproduction
File: A:001 Transform: NO TRANSFORMATION

Bartletts test for homogeneity of variance

Calculated B statistic = 16.59

Table Chi-square value = 11.34 (alpha = 0.01)

Table Chi-square value = 7.81 (alpha = 0.05)

Averaqe df used in calculation =-> df (avg n - l) = 9.00

Used for Chi-square table value ==> df (#groups-l) = 3

Data FAIL homogeneity test at 0.01 level. Try another transformation.

NOTE: If groups have unequal replicate sizes the average replicate size is
used to calculate the B statistic (see above).
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D743-582-001 Ceriodaphnia Reproduction
File: A:001 Transform: NO TRANSFORMATION

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 1 of 2

GRP IDENTIFICATION N MIN MAX MEAN

1 Control i0 0.000 35.000 15.800

2 6.25 i0 0.000 15.000 9.100

3 12.5 i0 0.000 15.000 6.900
4 25 i0 0.000 8.000 4.200

_l_e___l _me__.__m_

D743-582-001Ceriodaphnia Reproduction
File: A:001 Transform: NO TRANSFORMATION

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 2 of 2

GRP IDENTIFICATION VARIANCE SD SEM

1 Control 138.622 11.774 3.723

2 6.25 28.989 5.384 1.703

3 12.5 32.544 5.705 1.804

4 25 8.178 2.860 0.904

D743-582-001Ceriodaphnia Reproduction
File: A:001 Transform: NO TRANSFORMATION

STEELS MANY-ONE RANK TEST - Ho:Control<Treatment

TRANSFORMED RANK CRIT.

GROUP IDENTIFICATION MEAN SUM VALUE df SIG

1 Control 15.800

2 6.25 9.100 87.00 77.00 i0.00

3 12.5 6.900 81.00 77.00 i0.00
4 25 4.200 73.00 77.00 I0.00 *

Critical values use k = 3, are 1 tailed, and alpha = 0.05
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THE NUMBER OF RESAMPLES IS 80 =_ 2._ _ _ _4_9

C.
*** LISTING OF GROUP CONCENTRATIONS (% EFF.) AND RESPONSE MEANS ***

CONC. (%EFF) RESPONSE MEAN MEAN AFTER POOLING
i,m am m,D l,-,,,mi._,._ m .,i m.Jm _ _. i ,mm m m m

.000 15.800 15.800

6.250 9.100 9.100

12.500 6.900 6.900

25.000 4.200 4.200

50.000 .000 .000

100.000 .000 .000

THE LINEAR INTERPOLATION ESTIMATE OF THE TOTAL IMPACT CONCENTRATION
FROM THE INPUT SAMPLE IS 3.6847.

50.000 .000 .000

100.000 .000 .000

THE LINEAR INTERPOLATION ESTIMATE OF THE TOTAL IMPACT CONCENTRATION
FROM THE INPUT SAMPLE IS 3.6847.

************************************************************

* BOOTSTRAP PROCEDURE TO ESTIMATE VARIABILITY *

* OF THE ESTIMATED ICp *
**************************************--*****************

THE MEAN OF THE BOOTSTRAP ESTIMATES IS . q. _$

THE STANDARD DEVIATION OF THE BOOTSTRAP ESTIMATE_ IS 2.6097.

ICS/__ _ 2" 609_,__<5t0
AN EMPIRICAL 95. 0% CONFIDENCE INTERVAL FOR THE f

BOOTSTRAP ESTIMATE IS ( 2.3583, 13. 1181) •
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THE NUMBER OF RESAMPLES IS 80 II'C_-3_7 _"_

*** LISTING OF GROUP CONCENTRATIONS (% EFF.) AND RESPONSE MEANS ***

CONC. (%EFF) RESPONSE MEAN MEAN AFTER POOLING
i.......,mm iD 1.nm. _m m_ m u _ m m mm lJ mm _ um mm _ emomm m m mm Iw I_. --"em 11mul mm _ _ _ .a_.m _ _ mm i am

.000 7.300 7.300

6.250 6.300 6.947

12.500 7.667 6.947

25.000 4.200 4.200

50.000 .100 .100

100.000 .000 .000

THE LINEAR INTERPOLATION ESTIMATE OF THE TOTAL IMPACT CONCENTRATION
FROM THE INPUT SAMPLE IS 19.1990.

i00.000 .000 .000

THE LINEAR INTERPOLATION ESTIMATE OF THE TOTAL IMPACT CONCENTRATION
FROM THE INPUT SAMPLE IS 19.1990.

************************************************************

* BOOTSTRAP PROCEDURE TO ESTIMATE VARIABILITY *

* OF THE ESTIMATED ICp *
************************************************************

THE MEAN OF THE BOOTSTRAP ESTIMATES IS_.211__ /C_"_c_7. _
, D

?HE STANDARD DEVIATION OF THE BOOTSTRAP ESTIMATES IS 6.5277.

AN EMPIRICAL 95.0% CONFIDENCE INTERVAL FOR THE

BOOTSTRAP ESTIMATE IS ( 3.4990, 31.3602).

C: \STATS \BOOTSTRP>
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THEUMSEROFRSaPLES IS 80

*** LISTING OF GROUP CONCENTRATIONS I% EFF.) AND RESPONSE MEANS ***

CO_JC. (%EFF) RESPONSE MEA_ MEAN AFTER POOLING
u, m_ a, I mm em em mb em mm um mm elmIlJam elmm_ m em mm am em ms m ml I mm mm ml mm al ,llJml em ml mm _ em mmmm em IB em

.000 15.000 15.647

6.250 16.222 15.647

12.500 14.500 14.500

25.000 12.667 12.567

50.000 .000 .000

100.000 .000 .000

THE LINEAR INTERPOLATION ESTIMATE OF THE TOTAL IMPACT CONCENTRATION
FROM THE INPUT SAMPLE IS 26.8382.

100.000 .000 .000

THE LINEAR INTERPOLATION ESTIMATE OF THE TOTAL IMPACT CONCENTRATION
FROM THE INPUT SAMPLE IS 26.8382.

************************************************************

* BOOTSTRAP PROCEDURE TO ESTIMATE VARIABILITY *

* OF THE ESTIMATED ICp *
*************************************************************

THE MEAN OF THE BOOTSTRAP ESTIMATES I_ /__C/ 7-_''_

THE STANDARD DEVIATION OF THE BOOTSTRAP ESTIMATES IS 4.9849.

AN EMPIRICAL 95.0% CONFIDENCE INTERVAL FOR THE

BOOTSTRAP ESTIMATE IS ( 11.7121, 30.3779).

C: \STATS \BOOTSTRP>
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