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1. INTRODUCTION
 

At the request of the State of Delaware Department ofNatural Resources and Environmental 

Control (DNREC), EA Engineering, Science, and Technology performed lO-day solid phase 

survival toxicity tests with the amphipod Leptocheirus plumulosus. The purpose of this study 

was to evaluate the toxicity of sediment samples collected from the Delaware River, and to 

establish a baseline of toxicity for these sediment locations. 
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2. MATERIALS AND METHODS
 

2.1 SAMPLE RECEIPT AND PREPARATION 

Two sediment samples were collected by DNREC personnel on 29 November 2004 and 

transported on ice to EA's Ecotoxicology Laboratory in Sparks, Maryland. Upon receipt at EA 

on 1 December 2004, the sediment samples were logged in and assigned EA laboratory 

accession numbers, and were stored in the dark in a secured walk-in cooler at ~4°C until used for 

testing. Prior to use in testing, each sediment was homogenized, and large rocks and debris were 

manually removed and discarded from the sample. Table 1 summarizes the sample 

identifications, accession numbers, and collection and receipt information for the sediment 

samples. Chain-of-custody records are included in Attachment 1. 

2.2 CONTROL SEDIMENT 

A sample of sediment from Codorus Creek, Pennsylvania, was used as the control sediment for 

the toxicity testing. The sediment was collected in an area designated as a state wild trout 

stream. Sediment collected from this location has historically been non-toxic and is routinely 

utilized as a control in EA's sediment toxicity tests. 

2.3 OVERLYING WATER 

Artificial sea water (Forty Fathoms sea salts) at 5 ppt salinity was used as the overlying water. 

Dechlorinated tap water was used to prepare the artificial sea water. The source of the tap water 

was the City of Baltimore municipal water system. Upon entering the laboratory, the water was 

passed through a high-capacity, activated-carbon filtration system to remove any possible 

contaminants such as chlorine, detergents, and other possible trace organic contaminants. This 

water source has proven safe for aquatic organism toxicity testing at EA as evidenced by 

maintenance of multigeneration Daphnia sp., H. azteca and fathead minnow cultures with no 

evident loss of fecundity. 

page 3 EA Report Number 4677 



2.4 TEST ORGANISMS 

Whole sediment toxicity testing was conducted with the estuarine amphipod Leptocheirus 

plumulosus. The amphipods (2-4 mm) were acquired from Aquatic BioSystems. Organism lot 

number LP-025 was received on 2 December 2004 and used to initiate the toxicity test on 10 

December 2004. During the holding periods, the organisms were gradually acclimated to 

laboratory water at 200 e and the appropriate test salinity (5 ppt). The organisms were fed finely 

ground tetramin flake food during the acclimation period. 

2.5 TOXICITY TEST METHODS 

All toxicity testing was conducted following EA's standard operating procedures (EA 2003) 

which are in accordance with US EPA guidance (1994). 

The whole sediment toxicity tests were conducted as static, non-renewal tests with ten days of 

exposure to the whole sediments and overlying water. Prior to initiation of the toxicity tests, the 

sediments and overlying water were added to the test chambers, and the suspended sediments 

were allowed to settle overnight. The addition of the test organisms to the exposure chambers on 

the following day marked the initiation of the toxicity tests.. 

The 1. plumulosus tests utilized 1-L beakers as the exposure chambers, with each beaker 

containing 200 ml of sediment and 700 ml of overlying water. There were five replicate 

chambers for each sediment sample and control. Test organisms were randomly assigned to the 

test chambers, 20 organisms per replicate chamber for a total of 100 organisms per sample. 

The tests were maintained at 20±1 °e with a 16-hour light/8-hour dark photoperiod. The test 

chambers were visually inspected daily for abnormal organism behavior/lack of burrowing. 

Water quality measurements oftemperature, pH, dissolved oxygen, and salinity were recorded 

daily on one replicate of each sample and control. The water quality parameters measured 

during the toxicity tests are summarized in Table 2. The test organisms were not fed during the 

10-day exposure period. After ten days of exposure, the test organisms were retrieved from the 

samples and the number of live organisms per replicate was recorded. 

page 4 EA Report Number 4677 



Statistical analyses were performed on the whole sediment test data according to US EPA (1994) 

guidance and using the ToxCalc statistical software package (Version 5.0, Tidepool Scientific 

Software. Statistical analyses were performed to determine if exposure to either of the sediment 

samples resulted in significantly lower (p=0.05) survival of the test organisms as compared to the 

control sediment. A summary of the survival data for the L. plumulosus exposed to each 

sediment sample is provided in Table 3. Copies of the original data sheets are included as 

Attachment 1. 

2.6 REFERENCE TOXICANT TESTING 

In conformance with EA's quality assurance/quality control prograrn requirements, reference 

toxicant testing was performed on the acquired lot ofL. plumulosus. The reference toxicant test 

consisted of a graded concentration series of cadmium chloride in water only tests, with no 

sediment present in the test chambers. The results of the reference toxicant test was compared to 

established control chart limits. 

2.7 ARCHIVES 

Original data sheets, records, memoranda, notes, and computer printouts are archived at EA's 

Baltimore Office in Sparks, Maryland. These data will be retained for a period of 5 years unless 

a longer period of time is requested by the State of Delaware Department of Natural Resources 

and Environmental Control. 
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3. RESULTS AND DISCUSSION
 

The results ofthe Leptocheirus plumulosus whole sediment toxicity tests met the current 

NELAC standards, where applicable. 

Table 3 summarizes the results of the toxicity tests conducted on the Delaware River sediment 

samples. There was 94 percent survival ofL. plumulosus in sample DRSED01, and 85 percent 

survival in sample DRSED02, after 10 days of exposure. Survival in the control sediment was 

93 percent. Neither Delaware River sediment sample had a statistically significant effect on 

survival (p=0.05), when compared to the control sediment. 

The 48-hour LC50 for the reference toxicant test conducted on Lot LP-025 was 1.0 mg/L Cd, 

which was within EA's established laboratory control chart limits of 0 - 14.7 mg/L Cd, 

indicating that the acquired organisms were of acceptable quality. 
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TABLE 1 SUMMARY OF COLLECTION AND RECEIPT INFORMATION FOR SAMPLES 
FROM DELAWARE RIVER 

Sample 
Identification 

EA Accession 
Number 

Collection 
Time and Date 

Receipt 
Time and Date 

Control 

DRSED 01 

DRSED 02 

AT4-395 

AT4-711 

AT4-712 

8 July 2004 

1345, 29 November 2004 

1530, 29 November 2004 

8 July 2004 

0933, 1 December 2004 

0933, 1 December 2004 
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TABLE 2 SUMMARY OF WATER QUALITY PARAMETERS FROM 10-DAY WHOLE SEDIMENT TOXICITY TESTING 
WITH Leptocheirus plumulosus ON DELAWARE RIVER SEDIMENTS 

Test Species: Leptocheirus plumulosus 

Test Number: TN-04-742 

EA Accession Temperature 

Water Quality Parameters Range 

Dissolved Oxygen Salinity 
Sample ID Number (DC) pH (mg/L) (ppt) 

Lab Control 18.4-20.9 6.7-7.6 4.3-6.1 4.3-4.7 

DRSED 01 AT4-711 18.5-20.8 6.7-7.7 4.1-6.0 4.1-4.6 

DRSED 02 AT4-712 18.6-20.9 6.8-7.9 4.7-7.5 4.3-4.8 
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TABLE 3 RESULTS OF 10-DAY WHOLE SEDIMENT TOXICITY TESTING WITH 
Leptocheirus plumulosus ON DELAWARE RIVER SEDIMENTS 

Test Species: Leptocheirus plumulosus 

Test Number: TN-04-742 

Test Date: 10-20 December 2004 (Baseline Study) 

10-Day 
Test Treatment % Survival 

LAB CONTROL 93 

DRSED 01 94 

DRSED 02 85 
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ATTACHMENT I
 

Data Sheets and Statistical Analyses 
(9 page) 



STL EDISON 
777 New Durham Road CHAIN OF CUSTODY I ANALYSIS REQUEST Edison, New Jersey 08817 I 
Phone: (732) 549-3900 Fax: (732) 549-3679 PAGELOF 

Nafl\e ( for report andinvoi,ce ) Samplers Name ( print~). 'I Sitx/Project Identificqtion , rI t:::, .'" /). J _ / \, 
1\0 bf-v+ Sckv Itt Greqo Y'1 ;M. J...Je-l]J/,U;k"1 tttho<!.. r 0/ { ;/'>1 It /IJ H;.;' Vir I::P->e .~ 

Co~any\::-" C 0 ~~~ P.O. # I I State (Location of site): NJ: 1 NY: ] Other: t.r 
D JU 1'\ I=: ':> L K 0 Regulatory Program: PRP,4 (cJfAic..JVIt ) 

Address , " I ~I Analysis Turnarou9d'Tlme _,)fA.NAlVSIS REQUESTED (ENTER 'X' BELOW TO INDICATE REQUEST) I LAB USE ONLY 

2. q I Lu <e~, 'S 1)(, Standard GY' ~~,..,$!:''' Project No: 

City \ 1\ ' ,C. '1-\ .' S~" f-',/' Rush Charges Authonzed For: ~r/'
IV Ii,\"v k-S e.. 1../1.- 2 Week D ?: Ii Job No: 

Phone Fax 1 Week D [} 
?:,cjZ,s.CJS,UOQ 5()2..3Qt; ~(j (olhern ~ .A-

No. of. fe ~ f- T" .,. Sample 

Sample Identification Date Time Matrix Cant. fC1~ Numbers 

DK SeD ¢) (l1e-1Ic}'f r)Cf~ S'c?;) I I)\.' IATIf-71t
 
.oK SeD {2fL. dlz¥txt 15JO S'f3P I ~ !A-,i.f -7/2,

I I 

Preservation used(2 = IC~ 2 = HCI, 3 = H2 S04 , 4 = HN03 • 5 = NaOH Soil: I - I--+---j--+-+--+-+-t--;---j---t--t--------I 
6 = Other , 7 = Other Water: 

""t"~V''''''1 .,1_ ... __ ... _ .._ ~ Ie Cc ~ PT Tl:iM S( \ • 2. <:.c::.-~~L"""- l ?lo I (0 q YVCli\.OI IYI1;;LO'o;) I IIl'CICU \ I C.:>/P'U/! r/"'t,..o-

Relinquished by Company Date I Time Company 

R~~_8~~1) 1) ~ CIA tilLI1./Dlll>t/1 O~?>~ 'e-A/:L""c... 
.... 

Relinquished by Company Date I Time Received by Company 

2) I 2) 
Relinquished by Company Date I Time Received by Company 

3) I 3) 

Relinquished by Company Date I Time Received by Company 

4) I 4) 

Laboratory Certifications: New Jersey (12028), New York (11452), Pennsylvania (68-522), Connecticut (PH-0200), Rhode Island (132). 

­
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SEDIMENT TOXICITY TEST SET-UP BENCH SHEET
 

Project Number: -/DOCS. 0"6 
Client: 'Dr\] e:£C­ m _ 

OC Test Number:T N --OLI-1C+-Z­

Common Name: Adults Isolated (Time, Date): _ 
• I

L .piunu., Ll'lS'-L S' Scientific Name: Neonates Pulled (Time, Date): 

Acclimation: ? etc-if> 
--

Age: 
------
3·- 5" 07"1-,rTZl Lp· 

Culture Water (TIS): oC _____ ppt 

Date 

12_/Q/OL\ 

12-) q )Cl '--\ 

rZ-IO-OLf 

\500 

IScC) 

ILlS

Activity 

Sediment Added to Chambers 

Overlying Water Added to Chambers 

Organisms Transferred

Sample Number(s): 

Overyling Water Number: 

Treatment 

CtY'[i'7IUS GCntro J 

ftfLi-3q~ 

Volume Test Sediment 

,)OOrJ} 

~I
 

Volume Overlying Water 

7DC) 1",-0
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~ SEDIMENT TOXICITY TEST OBSERVATION DATA SHEET
 

Beginning Date: Id...../ /0/0 '7/' Time:.J2J::!::J.Project Number: 70005. 0 '3 TEST ORGANISM 
~ t
 

Client: 'Z>u e... E c- Common Name: C?1!tf2.?uPO oL Ending Date: 12.-J 20 loL\ Time: 9 ~
 
f 

ac Test Number: /./V-{)'-/-74-L Scientific Name: L /J!u,/vUci.lJ<W r> 

I 

Test Material(s): s:5x;?a/'r>'J..(24LC 

Accession Number(s}: BlY-3C;~ 7J', IIZ.TEST TYPE: ~ / F1owthrough Test Container: / L ~fiZ-, 
Renewal /<::::J:;j'QO.."r~_lLvyaD Test Volume: cY{)D ~ oed./70()p...f2 H-:t.-6Overlying Water: ,.,..0..:::....,i2tl'::.'-,I-'J2.L....Lt-.------­

Accession Number: - Test Duration: _...!..I_D~d....::a..::..:,=-1.(f-JIDoL- _ 
J 

Treatment Rep 

Number of Surviving Organisms 

Day b 
Date J 2ilO 

Day ID 
Date/'L/-W 

Day 
Date 

Day 
Date 

Day 
Date 

Day 
Date 

Day 
Date 

Day 
Date 

Day 
Date 

Day 
Date 

Day 
Date 

Co 'il"'Jrt.' , f1 ,0 l~ 

f2.. CD \~ 
C- w rx 
b 20 ), 
E 20 2t'J 

"711 fJr 20 '7,.:0 

f? 20 ZO 
C Zo l'i 
D ·Z{;.., 20 
E '70 2-0 

Time / Initials \l-\':>\1\"t­ v 
Ql.,C ~\t 
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SEDIMENT TOXICITY TEST OBSERVATION DATA SHEETfilS 
Project Number: "7DOO s=; 0 Z' TEST ORGANISM Beginning Date: (;;;,J..//o!oy Time: /7/5 
Client: '00tec 2--/2-0 0l~DCommon Name: CL'fllf}U pool Ending Date: \ /0'--1 Time: 

I 
QC Test Number: '7/1./.- 0 if -7if2- Scientific Name: b. LJkurrUU6'${,,,...r

I 
Test Material(s): 8-:TY-<.?R~7/1, 7l7....~ 

Accession Number(s): Se£fll~~ TEST TYPE: ~/ Flowthrough Test Container: I.I-~
 

Overlying Water: --::.S;~0~OI.L-:+-------­ Renewal cNOn-renewD Test Volume: ;;200 1?1../ f.'€cI
1 
7()Omlliz.O


Accession Number: -------- Test Duration: -,,/~(...::)_d~{l.....---61:..-- _ 

Treatment Rep 

Number of Surviving Organisms 

Day 
Date 

Day 
Date 

Day 
Date 

Day 
Date 

Day 
Date 

Day 
Date 

Day 
Date 

Day 
Date 

Day 
Date 

Day 
Date 

Day 
Date 

'J} d.. fj 20 (1 

8 7P J>< 
C­ ZD 13 
0 2P I, 
e 20 ­l~ 

Time / Initials Iv.-b ~ C\.1)0-0<\Iv 
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TOXICITY TEST WATER QUALITY DATA SHEET - NEW SOLUTIONS "as 

Project Number: { 0(:)(::>5 ,0 (? TEST ORGANISM Beginning Date: J2.../ I 0 ) 0 ~t Time: [?J:2 

Client: Vi\..) KSC::­

QC Test Number: TN -Q4~IL\-L 

Common Name: 

Scientific Name: 

o./(Y\-P'kf Q oct 
I 

L, P\u VYt Ll (f),?>o.,$ 

Ending Date: \2)2-0/04 Time: Cr~6 

TARGET VALUES Temp: &0 'C pH: 6.0 - 9.0 DO: 2.. 4-0'7() mg/L Salinity: 5 ppt 

Temperature (OCI pH d'ssolved Oxygen (mg/ll \Ce~~11nity{ppt;; 

Test 0 1 2 3 4 5 6 0 2 3 4 5 6 0 2 3 4 5 6 0 1 2 3 4 5 6Cone Rep 

(:0(\-11( \ 1·1.D~ ,,\?J rJ. 5 ~,\ 5 A 1-\,1 '"t 3 

"/11 '1P~ ,\~ '15 :~ ti 4 ~,lo tf.H 
v.~ 

<A ."1,.5 ~;'/1 ;:::) .1.tJ ' '1~\ C:'It" L\1> 14 ~ 

~ 
<,,0 

Meter Number {C ;: Lit?HO @to ~4D ~ I~I Kil ~
Time t).7 O\~IID\') \tt-l~ of; l "to \l \)

,..., Iii to
Initials CgS CI~\L W-(,~ I~'l I~t G;S ~

\ 1..J.. 

3 v"Vt-' n.\'C#:- ~ 03/01/00



TOXICITY.TEST WATER QUALITY DATA SHEET - OLD SOLUTIONS
 

roject Number: (OOOS. 0 f5 TEST ORGANISM Beginning Date: 12-/16) oLf Time: [2 J5 
lient: 1)/0 R-Z c.. Common Name: (1t)l\ pktpc)'.:( Ending Date: 12-1z,o /oY- Time: 9~ 
lC Test Number: ~" 0 Lj -il.f-Z- Scientific Name: L· 12II,lYl'Lu..WS-LL:5 

TARGET VALUES Temp: z.o "C pH: 6.0 - 9.0 DO: Zi-o 2" mg/l Salinity::5 ppt' 

.Dr e, TEpert\ure ~l A ~ pH Dissolved Oxygen {mg/ll ~~itVl&ifD1i11~
Test
 
Cone
 Rep I 11 2 I 3 I 4 I 5 I 6 I 1 I 1 I 2 I 3 I 4 I 5 I 6 I 1 I 1 I 2 t~~l1 4 I 5 I 61 1 I 1 I 2 I 3 I 4 I 5 I 6 I 1 

ICo(\1-10 I&,slfl. ol,z.oJi ~.Uf5.111~.11/q~l7. )1 "1.5h5 h.~17 lohA·I·7.'LH~11 SOJ~.I15;115.'Z-1'l.1IJl ,,14SIi.J.1.J11G,lq,1-f1 i/.t;ly:3
5.s. I I I ~" 

--71\ J~.~ 1/0, ,IW:2IiQ· \Ir1, oI\3·IoIJq:~7 .J17S11 ~111:~ 1r,S '·J.t·f/7./14. J It.l~ 15.0 Is .1./S.015'.lo1it.1\w 514,'11 ~31Y.3 J t/,31lf.3 ItI.z 

~~-t--=-~~P--L~~r--'-'-'-1~~~":'-;---L.+'"'---I-p~~-'-t"'''---t'''-~..!.oI...J--+-+-Io.:..LJ' ~ 

1---1 I I I-t-t-I I I I 1'1 1-1 ,I I-+--l I I I I I I ~ I I I I I
 

Initialsl~ Ir~1bl-fGr~Trb I,Qb 1~~rcddPhlfb Ic~rpil~b~'\-r~ LeblebIM:Slp6lffiJ~fJCe:s1 1'(.; I()blChSI ~619&
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~ TOXICITY TEST WATER QUALITY DATA SHEET - OLD SOLUTIONS
 

­

Beginning Project Number: -~7 0 00 S 0 ~ Date: I?--Io- 04­ Time: TEST ORGANISM Ei S 

Client: f)N Kt::C Common Name: 0-:2':t~ pcx::::C. Ending Date: (L}zo/o<..\ Time: '1.;.:0 
OC Test Number:fN 04- -7 +;;Z Scientific Name: L, pi /.A...ty\vJo5 u. So 

TARGET VALUES Temp: ;;Lo °c pH: 6.0 - 9.0 DO: ~ - --_ .. _--_
4­

..­
mg/L Salinity: '5 ppt 

, 

Conductivity (uS/em) 
D Te/'EPerature (OC) pH Dissolved OXYflen (mg/L) Salinity (pptlC-

Test 
8 9 10 11 12 13 14 8 9 10 11 12 13 14 8 9 10 11 12 13 14 8 9 10 11 12 13 14

Cone Rep 

C~ 10.3 fU t'h.Q I.; 1,1-1(1)'1 4.£1 4.'2. 1_5'.'i I~;' ~~ ~ .£.1

III /Ct. 31/'11 /1> S ,.0 '1.1-I/n:1 4·)5 5:6 1(0.0 «-. I 'tIl.- ~ .t

.­
tl;;{ (l.t; 1('1-­ 1~.lJ 7.1 7.LI\oi tt>S ~.lP h.5" +.(P *.11: tUn

'1dJ I~DMeter Number 340 l3Yo1140 34-0  I.,k\ I;;!I.fl JJ.H 1340 ~\1.t ~i:Tl"

Time <gooIII b 1\\0 \\0:;­ 1\\0 
i~q~ 30D 0Lf ~OO 1,~l(S I\,,~ ~(j)

Initials ~~ M61. v(i;S Pb I~ 10>:::' I(lb ~C£ Pb ~. tt25 P6
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Survival and Growth Test-10 Day Survival 

Start Date: 12110/2004 Test ID: TN-04-742 Sample ID: 

End Date: 12120/2004 Lab ID: Sample Type: 

Sample Date: Protocol: Test Species: LP-Leptocheirus plumulosus 
Comments: DNREC 

Conc-% 1 2 3 4 5 
CONTROL 0.9500 0.9500 0.9000 0.8500 1.0000 

DRSED01 1.0000 1.0000 0.7000 1.0000 1.0000 

DRSED02 0.9500 0.9000 0.6500 0.8500 0.9000 

Transform: Arcsin Square Root i-Tailed 
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD 
CONTROL 0.9300 1.0000 1.3143 1.1731 1.4588 8.246 5 
DRSED01 0.9400 1.0108 1.3652 0.9912 1.4588 15.317 5 

DRSED02 0.8500 0.9140 1.1908 0.9377 1.3453 12.941 5 1.465 1.860 0.1567 

Auxiliary Tests Statistic Critical Skew Kurt 
Shapiro-Wilk's Test indicates normal distribution (p > 0.01) 0.93124 0.781 -0.8522 0.52631 
F-Test indicates equal variances (p = 0.51) 2.02195 23.1539 

Hypothesis Test (i-tail, 0.05) MSDu MSDp MSB MSE F-Prob df 
Homoscedastic t Test indicates no significant differences 0.09686 0.10352 0.0381 0.01775 0.18104 1,8 

ToxCalc v5.0.23 Reviewed bY:~'Page 1 
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ATTACHMEN1' II
 

Report Quality Assurance Record 
(2 pages) 



1.	 

2, 

3 

4.	 

5.	 

6.	 

7. 

8. 

REPORT CHECKLIST 

OA/OC ITEM	 REVIEWER DATE 

Samples col/ected, transport:d, and received j>' J , /-);} , 
according to study plan requirements. I-~ LY( ~~ 0l/0S 
Samples prepared .and processed according.? ') " ::1, 
to study plan requIrements, '-,L fL, ~~

~~~ae~~:';~~~t~Sing calibrated instruments z;.~ o.t J. ",_!,L!.2../~ 

Calculations checked: ') () 

Hand calculations checked ~~.V· 4;(...." Ijr7!D"
Documented and verified statistical _» 

procedure used.	 ?L!J~_~+< Q JoJ. "'L' fIi 7/D~ 

~~~:~~put/statisticalanalyses complete and ]t:cfJrt~ l !7-.JlfJ 
Reported results and facts checked against 
original sources', ~'~ 1/;if(f'J 
Data presented in figures and tables correct 
and in agreement with text. 744u/t(,~1/7-*;­
~,:~u~~q~~;~~:~~,t0rcompliance with study ~W~£J- 1(1..-) I dc:; 

7 

AUTHOR	 DATE 

/:/J ,i.Q g'
9, Commentary reviewed and resolved, ?:.~~ ~ < ,~,-h...,.'\. I/:J frIo ~ 
10. All study plan and quality assurance/control requirements have been et and the report is 

approved,	 ~::3l lJiYoL (L~ 1(0< 
DATE 

117mJ 
I	 DATE 

1(l-llo>:
DATE 

REPORT QUALITY ASSURANCE RECORD 

Client: .:s'tQ,.j=c=> of De I Q 1..&)Q.t'-~ :Du REC' Project Number: 7b~c:::..:>-=- U 'ir 

Author: \/ t=(f\\O' f)l A. ~J")C) EA Report Number: 

­
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01/25/02 


